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THB    EFFECT    OF    PRESSURE    UPON    THE    TRANSMISSION   OF    RA- 
DIANT ENERGY  THROUGH  GASEOUS  MEDIA. 


8RVBRINU8  J.  CORRIGAN. 
For  Gxxxkai.  Abtuohqmy. 

While  pursuing,  recently,  an  investigation  jhavit]^  for  its  pbjeqt 
the  determination  of. the  absolute  quantity  of  energy  radiated,  in 
unit  time,  from  the  filament  of  an  incandescent  electric  lamp  6f  a 
ghren  candle  power,  I  found  that  certain  facts  anent  the  modus 
operandi  of  "radiation**  and  the  laws  governing  it,  were  dis- 
close;^ tjberfeby.  So  far  as  I  know,  they  have  not  been  noticed 
heretofore,  and  as  they  have  a  bearing  upon  important  astro- 
nomical questions,  I  have  thought  that  a  publication  of  the  re- 
sults of  this  investigation  would  fall  within  the  scope  of  As- 
TsoitQMY  AND  Astro-Physics,  and  prove  of  interest  to  some  of 
its  readers. 

The  following  is  a  statement  of  the  problem  that  presented  it- 
self for  solution : 

By  what  amount  will  the  absolute  quantity  of  energy  radiated 
in  unit  time  from  a  body  of  given  surface,  heated  to  a  given  de- 
gree of  temperature  while  enclosed  in  a  vessel  containing  atmos- 
pheric air  or  other  gases  at  a  given  pressure,  be  changed  by 
variation  of  the  pressure  or  the  density  of  the  enclosed  gas  ? 

In  attacking  this  problem  my  first  step  was  to  frame  a  hy- 
pothesis as  to  the  nature  and  cause  of  the  pressure  of  a  gas 
against  the  walls  of  a  containing  vessel.  I  assumed,  and  this 
assumption  is  sanctioned  by  most  eminent  authority  in  **  Molecu- 
lar Physics,'*  that  this  pressure  is  due  to  the  impact  of  the  minute 
particles  of  which  the  gas  is  composed,  upon  the  enclosing  walls, 
this  impact  being  caused  by  the  incessant  and  almost  inconceiva- 
bly rapid  vibration  of  these  particles.  It  is  also  assumed,  and  I 
purpose  to  prove  the  validity  of  this  assumption  by  the  agree- 
ment between  theory  and  observation  or  the  results  of  experi- 
ment, that  the  total  pressure  against  the  envelope,  which  pres- 
sure will  be  designated  by  P,  is  proportional  to  the  product  of 
the  mass,  Af,  of  the  enclosed  gas  into  the  number  of  vibrations 
made  in  unit  time,  which  number  will  be  designated  by  n.  It  is 
obvious  that  the  pressure,  or  in  other  words,  the  result  of  impact 


will  be  greater  or  less  as  the  number  of  particles  of  equal  mass, 
/n,  and  also  the  number  of  vibrations  in  unit  time  are  greater  or 
less;  thus  one  particle  vibrating  twice  in  unit  time  will  produce 
the  same  effect  as  two  particles  vibrating  onW  once  in  the  same 
time.  This  fact  is  expressed  by  the  equation  P  =  Mn  (1).  It 
must  be  borne  in  mind  that  in  this  equation  and  also  in  those 
which  are  to  follow,  only  relative  values  are  considered. 

From  the  well  known  definition  of  density,  it  is  plain  that  the 
masSi  M,  of  the  gas  contained  within  the  walls  of  the  vessel,  is 
inversely  proportional  to  the  cube  of  the  distance  by  which  the 
particles  are  separated.  Calling  this  distance  d^  this  fact  is  ex- 
pressed by  the  equation,    i\f^-^    (2)  J  hence  equation  (1)  can 

be  written  P  = -^  (3). 

It  is  now  necessary  to  make  some  hypothesis  as  to  the  nature 
of  the  vibration  the  frequency  of  which  is  denoted  by  n. 

I  assume  that  the  molecules  of  any  gas  are  each  composed  of  at 
least  two  atoms  of  equal  mass  m,  and  that  these  atoms  are  in 
continuous  and,  almost  inconceivably,  rapid  revolution  around  a 
common  center  of  attraction  lying  between  them,  just  as  are  the 
components  of  a  binary  system  of  stars,  and  that  the  law  gov- 
erning the  action  of  this  attractive  force  is  the  same  as  that  of 
gravity,  i.  c,  that  the  force  varies  inversely  as  the  square  of  the 
distance  of  the  atoms  from  the  common  center  around  which 
they  revolve. 

The  revolution  of  the  stars  of  a  binary  system  around  their 
common  centre  of  gravity,  and  also  the  revolutions  of  the  planets 
around  the  sun,  are  vibrations  of  this  nature,  and  the  number  of 
such  vibrations  in  a  unit  of  time  is  given  by  the  well-known  equa- 
tion, "Analytical  Mechanics,"  n  =  -^  (4),  which  is  one  expression 

a! 
for  that  one  ot  Kepler's  laws  of  planetary  motion  which  asserts 
that  **  the  squares  of  the  times  of  revolution  of  any  two  planets, 
around  the  sun,  are  proportional  to  the  cubes  of  the  mean  dis- 
tances of  said  planets  from  the  common  center  of  gravity  around 
which  they  revolve.  In  equation  (4)  which  is,  as  I  may  say,  the 
comer  stone  of  the  theory  which  I  have  constructed,  n  represents 
the  mean  motion  or  the  angular  velocity;/.  e.,the  number  of  revo- 
lutions or  complete  vibrations  in  a  unit  of  time;  A'  is  the  unit  of 
attractive  force  and  is  a  constant,  therefore  the  onl3''  variable  is  a, 
which  represents  the  mean  distance  of  the  revolving  body  from 
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the  center  of  gravity  of  the  system,  and,  in  the  case  of  a  circular 
orbit,   is   the   radius;    consequently,  considering   only   relative 

values,  n  =  — j  (5). 
aa 
Since  I  have  assumed  that  the  vibrations  of  the  atoms  are  sub- 
ject to  the  same  law  that  governs  the  revolutions  of  the  plane- 
tary masses,  it  follows  that  equation  (5)  will  give  the  value  of  xt 
used  in  equation  (1),  if  we  replace  in  equation  (5),  at  by  e/t, 
which  can  be  done  because  the  distance  cf,  between  the  revolving 
atoms  of  each  system  is  equal  to  2a;  replacing  ai  by  cff  equation 

(5)  will  become  zi  =  -r-  or  zi  =  -^^  (6).    Substituting  this  value 
of  n  in  equation  (3)  the  following  results  :    P'=--^  ,  -^^^  or 

^=^   (7);  whence  d  =  -V  (8). 

The  last  equation  expresses  the  fact  that  the  distance  apart  of 
the  revolving  atoms  is  inversely  proportional  to  the  4.5th  root 
of  the  pressure  of  the  gas.  The  quantity  of  energy  transmitted 
by  the  gas,  from  a  given  *•  source  of  heat,"  is  now  to  be  deter- 
mined. It  is  known,  from  the  principles  of  "Analytical  Mechan- 
ics," that  the  quantity  of  energy,  Q,  generated  by  a  mass,  m, 
moving  with  a  linear  velocity,  v,  is  proportional  to  the  product 
of  one-half  the  mass  into  the  square  of  the  linear  velocity.  This 
fact  is  expressed  by  the  equation,  Q  =  V2  mv^  (9).  If,  as  before, 
we  denote  the  mean  distance  of  the  revolving  mass  by  a,  we  find 
that,  since  the  linear  velocity,  v,  is  equal  to  the  angular  velocity, 
u,  multiplied  by  the  mean  distance  a,  v  =  na,  or  as  since  shown 

1  a 

by  equation  (6),  n  =  -7^:5,  v  =  -tj^  (10) ;  but  as  a  is  proportional 

to  the  distance  cf,  being  equal  to  %c/,  equation  (10)  can  be  written 

V  =  ^  =  ^  (11) ;    therefore  y^  =  ^  (12) ; 

hence  Q  ^=\  —j-  (13) ;   but   since   m  is   constant   we  will   have 

Q  =  —r     (14) ;  and  since  equation   (8)  shows  that  d  = j-we 

can  write  (2  = -P*^  (15)  >  equation  (14)  expresses  the  fact  that 
the  quantity  of  energy  transmitted,  from  a  given  '*  source  of 
heat,"  by  and  through  a  gas  in  any  given  time,  is  inversely  pro- 
portional to  the  distance  apart  of  the  revolving  atoms,  while 
equation  (15)  shows  that  it  is  directly  proportional  to  the  4.5th 
root  of  the  pressure  of  the  gas. 
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Equation  (15)  thus  ftimishes  the  theoretical  soltitiOD  of  the 
problem  under  consideration,  but  since  it  is  founded  upon  an  as- 
sumption as  to  the  nature  of  the  pressure  of  a  gas,  which  assump- 
tion is  expressed  by  equation  (1),  it  is  necessary  to  learn  whether 
the  results  derived  from  experiment  agree  with  the  deductions 
from  theory.  I  have  found  that  they  do.  Experiments  have  been 
made  by  a  skillful  physicist,  upon  the  radiation  of  heat  from  the 
surface  of  a  mass  of  copper  placed  in  an  enclosing  vessel ;  the  dif- 
ference of  temperature  between  the  copper  and  the  walls  of  the 
enclosure  was  90  degrees  Fahrenheit,  and  the  quantity  of  heat  in 
absolute  measure^  {L  e.  la  pound-degrees  Fahrenheit  per  second) 
radiated  from  each  square  inch  of  the  surface  of  the  mass  of 
copper  was  determined,  bqth  when  the  enclgsed  air  was  at  l^he 
ordinary  atmospheric  pressure  of  30  inches  of  mercur^^  and  when 
the  pressure  was  only  OA  of  an  inch,  or  only  ^\  of  the  normal 
pressure.  Taking  the  normal  pressure  of  30  inches  as  the  unit, 
the  pressure  at  0.4-  inches  will  be  represented  by  the  equation 
p  Z3  .ijj ;  substituting  this  value  of  P  in  equation  (15),  the  fol- 
lowing expression  for  the  relative  quantity  of  heat  radiated  will 
htQ=-  ^tV  =  .3831+.  The  quantity  radiated  at  pressure 
of  30  inches  was  .0002271  of  a  thermal  unit;  hence,  by  my 
theory  the  quantity  radiated  at  the  pressure  of  0.4  inches  should 
be  .0000870  of  a  thermal  unit;  the  quantity  found  by  experi- 
ment was  .0000875  of  a  thermal  unit;  certainly  a  very  close 
agreement  between  theory  and  observation. 

Another  experimental  result,  even  more  conclusive,  is  that  fur- 
nished by  a  determination  of  the  quantity  of  heat  radiated  from 
the  filament  of  an  incandescent  electric  lamp.  Taking  the  pres- 
sure of  the  air  remaining  within  the  glass-bulb  of  the  lamp  at 
only  one-millionth  of  the  ordinary  atmospheric  pressure,  in  other 
words  making  F^imii^in^,  I  found  that  the  the  theoretical  re- 
sult derived  by  means  of  equation  (15),  and  expressed  in  units  of 
electrical  energy,  was  practically  identical  with  those  derived 
from  many  actual  tests  upon  a  16  candle-povyer  light,  th^$e 
tests  having  been  made  by  several  different  lighting  companies. 
This  agreement  between  theory  and  observation,  in  cases  where 
the  relative  pressures,  viz,:  ^V  ^^d  roi^iooTrt  differed  so  widely 
seems  to  me  to  establish  the  truth  of  the  hypothesis  upon  which 
the  theoretical  results  above  given  are  based,  and  the  validity  of 
the  law  expressed  by  equation  (15), 

By  another,  but  indirect,  method  the  legitimacy  of  the  assump- 
tion expressed  by  equation  (1)  and  of  the  results  flowing  there- 
from, in  regard'  to  the  orbital  motion  of  the  atoms  under  the  in- 
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flnence  of  a  centripetal  force  which  varies  inversely  as  the  square 

of  the  distance,  can  also  be  established.    Boyle's  law  asserts  that 

the  pressure  of  a  gas  when  the  temperature  of  the  latter  remains 

constant,  is  proportional  to  the  density  of  the  gaseous  mass;  this 

M 
law  is  expressed  by  the  equation  P=^D=^^  (16),  in  which  P 

represents  the  pressure,  D  the  density,  Af  the  mass,  and  V  the 
volume  of  the  gas.  If  the  density  be  varied  either  by  an  addition 
to,  or  an  abstraction  from  the  mass,  the  volume  remaining  con* 
stant,  we  will  have  P  =  Ai  (17).  If  the  variation  of  density  be 
eflfected  by  changing  the  volume,  the  mass  remaining  constant, 

the  pressure  will  be  given  by  the  equation  P=  —  (18) ;  there- 
fore both  mass  and  volume  being  variable,  the  pressure  will  be 
directly  proportional  to  the  mass,  and  inversely  proportional  to 
the  volume;  hence  the  ratio  between  any  two  pressures,  P,  and 
P„  should,  if  Boyle's  law  be  perfectly  true,  be  expressed  by  the 

equation  -W  =  x^  =  Xf  ^^^^ '  ^"*»  ^®  ^  matter  of  fact,  the  ratio 

of  the  pressures  does  not  follow,  exactly  the  law  expressed  by  the 
equations  (19),  but  is  represented  by  the  following: 


^=(^)=(§j'"-'. 


in  which  the  exponent  1.41  represents  the  ratio  between  specific 
heat  at  constant  pressure  and  specific  heat  at  constant  volume. 
This  ratio  has  never  been  determined,  so  far  as  I  know,  other- 
wise than  by  experimental  research.  I  will  now  endeavor  to  dem- 
onstrate that  it  can  be  derived  analytically,  and  also  to  show  its 
signification,  i.  e.,  that  it  is  due  to  the  orbital  motion  of  the  re- 
volving atoms,  and  is  a  function  of  the  factor,  n,  in  equation  (1). 
Comparing  equation  (17),  or  P  =  M,  with  equation  (1)  or 
P  ==  Mn  we  see  that  they  differ  by  only  the  factor  n,  which  repre- 
sents the  angular  velocity  or  the  number  of  vibrations  of  the 
atoms,  around  their  common  cenler  of  attraction  in  imit  time; 
therefore  I  claim  that  the  exponent  1.41  in  equation  (20),  or  the 
ratio  between  specific  heat  at  constant  pressure  and  that  at  con- 
stant volume,  depends  upon  n,  or  the  angular  velocity  of  the  re- 
volving atoms.    According  to  equation  (7),  7^  =   ,^  - ;  but,  since 

the  volume. F  is  proportional  to  the  cube  of  the  distance  between 
the  atoms,  d^  =  V,  and  therefore  d  *-^  ^zV^^';  hence  equation  (7) 

can  be  written:    P  =  .,  -,  (21).     Furthermore,  since  the  mass  AI 


is  inrersely  proportional  to  the  cnbe  of  the  distance,  Af  =^-53  and 

j—^  =L  M ^'^,  but  frotn  equation  (7)  -r^  ^=  P,  therefore 

P  -=.  A/^  ^'  (22),  If  we  now  consider  the  ratio  between  any  two 
pressures,Pj  and  P,,  we  find  that  -p^=  [y |      —  | ^^^'J        (23), 

Comparing  these  expressions  with  equations  (20)  we  cannot  fail 
to  note  a  resemblance  so  strong  as  to  force  us  to  the  conclusion 
that  they  are  identical,  and  we  may,  I  think,  regard  the  exponent 
1,5  which,  as  we  have  seen,  results  from  the  assumption  of  an 
orbital  motion  of  the  atoms  whose  angular  velocity  is  denoted  b^' 
the  factor  n,  in  equation  (1)»  as  representing  the  ratio  between 
specific  heat  at  constant  pressure  and  specific  heat  at  constant 
volume.  It  is  true  that  it  differs  slightly  from  1,41,  the  value 
generally  accepted,  but  this  v^aUie  has  been  determined  from  ex- 
periments on  the  velocity  of  sound  in  air,  which  experiments  are» 
of  course,  subject  to  more  or  less  error,  and  since  the  effect  of 
moisture  in  the  atmosphere  is  not  well  known,  the  slight  discrep- 
ancy  may  be  regarded  as  of  no  importance,  and  the  value  of  the 
ratio  between  the  specific  heats,  in  the  case  of  perfect  gases,  can, 
I  think,  be  taken  as  1,5. 

The  nature  of  this  quantity  can  be  better  understood  if  illus- 
trated by  an  example.  If  we  reduce  the  volume  of  a  gas  by  any 
amount,  one-half  for  instance,  the  pressure  would  be,  by  Boyle*s 
law  expressed  by  equation  (20),  inverseh^  proportional  to  the 
amount  of  the  reduction ;  /.  e.,  in  this  case  it  w*ould  be  doubled, 
but,  as  a  matter  of  fact,  when  no  heat  is  allowed  to  enter  or  to 
escape  from  the  gas,  the  pressure  is  found  to  be  more  tbnn  double 
being  in  this  case,  according  to  equation  (23),  equal  to  2^  ^'  or  to 
2.83,  the  difference  between  2  and  2.83  representing  the  increase 
of  the  orbital  velocity,  due  to  the  decrease  of  the  distance,  d,  be- 
tween the  atoms  of  each  molecule  of  the  gas,  which  decrease  is 
caused  by  the  compression  of  the  latter,  and  this  increase  of 
vibrational  velocity  represents  the  quantity  of  heat  generated  in 
the  gas  by  the  compression.  If  a  gas  confined  in  a  vessel  be 
heated  from  an  external  **  source  of  heat,"  it  tends  to  expand,  but 
since  the  volume  remains  constant  the  gas  cannot  expand  and  its 
tendency  to  do  so  causes  an  increase  of  pressure,  consequently  by 
reason  of  this  increase  it  is  still  further  heated,  and  a  less  quan- 
tity of  applied  or  external  heat  is  required  to  raise  the  tempera- 
ture of  the  gas  through  one  degree,  than  would  be  required  if  the 
gaseous  mass  w^ere  free  to  expand  so  that  the  distance  d,  between 
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the  atoms  could  become  greater  and  therefore  the  orbital  motion, 
or  the  internal  beat  be  decreased. 

The  ratio  between  the  quantities  of  external  heat  necessary  to 
be  applied  in  order  to  raise  the  temperature  of  the  gas  through 
one  degree  in  the  respective  cases  where  the  gas  is  kept  at  con- 
stant pressure  and  at  constant  volume,  is  the  quantity  whose 
commonly  accepted  value  is  1.41  but  which  is,  as  I  have  shown, 

properly  1.5. 

[to  be  continued.] 
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POK  Gbkbkai^  Astronomt. 

The  return  of  Brorsen's  comet,  which,  according  to  the  ad- 
vance calculations  of  Professor  E.  Lamp,  had  confidently  been 
expected  to  occur  in  the  beginning  of  the  past  year,  has  not 
taken  place.  It  will,  therefore,  be  not  uninteresting,  to  look 
back,  in  this  article,  at  the  condition  of  brightness  and  visibility 
under  which  this  comet  has  been  observed  up  to  the  present 
time ;  for  in  this  manner  we  are  best  enabled  to  perceive  in  how 
fiar  we  were  justified  to  expect  with  certainty  its  reappearance 
during  the  opposition  of  last  year. 

The  circumstance  that  the  period  of  the  comet  is  nearly  5.5 
years— the  great  perturbations  of  Jupiter  in  September  1866, 
decreased  it  from  5.54  to  5.48  years — causes  the  returns  to  peri- 
helion to  divide  themselves  into  spring  and  autnmn  appearances. 
The  former  are  extraordinarily  favorable  for  observation,  since, 
at  that  time  the  comet,  in  consequence  of  its  great  inclination, 
reaches  a  high  northerly  declination ;  in  the  latter,  the  comet  re- 
mains always  near  the  equator,  and  is  visible,  if  at  all,  only  in 
the  morning  hours  shortly  before  sunrise. 

We  will  first  consider  the  spring  oppositions  which  have 
been  observed,  up  to  the  present  time,  1846  III,  1857  II,  1868  I 
and  1879  I.  In  the  opposition  of  1857,  the  comet  was  dis- 
covered independent  of  the  ephemeris;  its  identity  with  1846  III 
was  established  only  through  the  calculation  of  its  orbit.  Van 
Galen  had  furnished  an  advance  calculation  for  this  return,  but 
which  in  consequence  of  erroneous  computation  fixed  the  date  of 
perihelion  passage  a  fourth  of  a  year  too  late,  and  would,  there- 
fore, not  have  led  to  the  discovery  of  the  comet. 

•  Translated  from  the  Vierteyahrsachrift  der  Astronomischen  Gesellachaft,  26  Jahrgan^r 
Erstea  Hcpt. 


In  the  last  two  named  appearances,  the  comet  was  found  ac- 
cording to  ephemeridcs  computed  by  Plummer  and  Schulze. 
The  following  ephemerides  will  furnish  a  review  of  the  appari- 
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tions  in  question.    **H"  expresses  the  factor  of  brightness 


r^J* 


the  first  place  of  the  ephemeris  is  the  date  of  discovery^  the  last 
is  the  date  of  the  last  observation. 
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1857  II. 
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19 

1 

14 
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18 

4 

24 
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1 

1 
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27 

4 

33 

2.1 

20 

2 
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12 

a 

46 

1.9 
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10 

3 

23 

3.3 

June 

1 

10 

49 

1.2 
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1 

6 

60 

2.9 

23 

12 

+  34 

0.5 

12 
23 

8 
11 

65 

+  58 

2.2 
1.3 

In  connection  with  the  foregoing  review  the  following  details 
should  receive  attention : 

1846  HI.  The  last  observations  were  made  in  Bonn,  April  21, 
and  in  Berlin,  April  22.  The  Washington  observations  of  the 
latter  part  of  May  (referred  to  by  Bruhns,  A.  N.  1686,  Carl 
Repcrtorium,  Annnaire  du  bureau  des  longitudes)  are  based 
upon  a  confounding  of  this  comet  with  another.  1846  VII,  also 
discovered  hy  Brorsen. 

1857  II.  In  general,  the  observations  cease  with  the  end  of 
May.  From  June  18  to  22  the  comet,  greatly  reduced  in  bright- 
ness, was  observed  only  at  Berlin. 

1868  I.  The  first  re-discovery  by  Tempel,  on  March  22,  seems 
doubtful;  the  comet  was  not  seen  with  certainty  until  April  11. 
In  June,  the  comet  was  seen  only  by  Schmidt  at  Athens. 

1879  I.  The  regular  ephemeris  begins  in  the  middle  of  March; 
prior  to  that  time,  the  comet  was  seen  only  Jan.  14  in  Arcetri, 
Fcl).  17,  in  Rome»  and  Feb.  26»  at  Windsor. 

Noteworthy  is  the  small  light  intensity  of  the  comet  when  dis- 
covered by  Tempel  on  Jan.  13,  in  a  very  southerly  declination. 
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With  regard  to  the  brightness  of  the  comet,  we  may  accept  it 
as  an  established  fact  that,  notwithstanding  the  smaller  theo- 
retical light  intensity,  the  comet  was  considerably  brighter  in 
1857  than  in  1846.  Schmidt  at  Olmiitz  even  believes  that  he 
saw  the  comet  with  the  naked  eye  on  April  8-12, 1857— a  bright- 
ness which  it  has  never  before  or  since  reached.  In  the  year 
1868,  the  comet  was  fainter  than  in  1 857,  but  this  may  be  ex- 
plained by  the  less  favorable  conditions  of  light.  In  the  opposi- 
tion of  1879,  the  comet  occupied  the  same  position  in  the  hea- 
vens as  in  1857,  but,  as  may  be  concluded  from  the  early  discon- 
tmuance  of  the  observations — it  does  not  appear  to  have  reached 
the  same  degree  of  brightness  as  formerly. 

The  general  appearance  of  the  comet  in  the  three  apparitions 
1857, 1868  and  1879,  remained  always  the  same;  it  was  that  of 
a  large,  pale  nebula  of  4'  diameter,  with  a  condensation  in  the 
centre  that  was  very  distinct  at  the  time  of  perihelion,  but, 
which,  according  to  the  concurrent  testimony  of  all  observer  s 
did  not  condense  itself  into  a  star-like  neucleus. 

In  the  year  1846,  this  strong  exhibit  of  light  in  the  centre  of 
the  comet  did  not  take  place,  a  circumstance  which  will  most 
readily  explain  the  relative  faintness  of  light  connected  with  that 
apparition. 

A<rbaracteristic  phenomenon  connected  with  Brorsen's  cornet^ 
and  one  observed  at  all  returns,  is  the  rapid  decrease  of  light 
which  takes  place  several  weeks  after  its  perihelion  passage,  and 
which  appears  to  be  connected  with  a  considerable  increase  of 
its  diameter,  amounting  to  8'  to  10'. 

In  the  year  1846,  when  this  phenomenon  was  observed  for  the 
first  time,  the  comet,  as  described  by  D*Arrest  in  A.  N.  1079,  ap- 
peared to  dissolve  in  such  a  manner  in  its  departure  from  the 
sun,  **that  for  this  reason  its  reappearance  was  considered  very 
doubtful  at  the  Berlin  Observatory.*'  The  fact  that  in  all  re- 
turns, so  soon  as  the  brightness  had  fallen  below  unity,  observa- 
tions were  possible  only  in  exceptional  cases,  is  directly  connected 
with  this  phenomenon. 

Before  the  perihelion  passage  the  faintness  of  light  does  not 
appear  to  be  so  pronounced  as  afterwards ;  at  least  we  could  not 
otherwise  explain  the  fact  that  in  the  year  1879,  Tempel  was 
able  to  find  the  comet  on  Jan.  14,  and  Tebbutt  could  observe  it 
on  Feb.  26  with  a  4y2-inch  refractor. 

Of  the  unfavorable  autumn  returns,  the  only  one  observed  thus 
far,  is  the  apparition  1873  VI,  perihelion  Oct.  10.  In  this  appari- 
tion, the  comet  was  discovered  Aug.  31,  according  to  ephenieri- 
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des  by  Plummer  and  Schulze,  and  observed  until  Oct.  26.  It  was 
always  faint,  of  a  diffused  appearance  and  without  noticeable 
condensation.  The  maximum  theoretical  brightness,  20,  was 
attained  in  the  beginning  of  October,  a  brightness  which  caused 
thecnmet»  in  1868,  to  appear  as  an  object  of  the  eighth  or  ninth 
magnitude;  but  in  the  latter  case,  the  increased  faintness  of  light 
is  fully  explained  b3^  the  comet's  unfavorable  position  in  the 
morning  sky. 

In  the  years  1851,  perihelion  Sept.  22,  and  1884,  perihelion 
Sept.  14,  the  comet  was  nearer  the  sun  than  in  1873,  so  that 
under  those  conditions,  its  non-discovery  is  fully  accounted  for. 
In  view  of  the  comet^s  non-appearance  during  the  past  year,  it 
would,  at  all  events,  be  of  great  interest  to  learn  whether  and  to 
what  extent,  especially  in  the  year  1884,  search  was  made  for  it. 
Up  to  the  present  time,  only  two  short  notices  have  appeared  on 
this  subject,  one  by  Tr^pied  (A.  N.  2614) »  and  the  other  by 
Pechiile  (A.  N.  2710).  In  the  year  1862,  the  perihelion  passage 
occured  about  Oct.  12;  it  would,  therefore,  have  been  possible  to 
have  discovered  the  comet,  as  is  shown  by  the  apparition  of 
1873 — if  an  ephemeris  had  been  available- 
According  to  the  advance  computation  of  Professor  E.  Lamp, 
the  perihelion  passage  in  the  3'ear  1890  occurred  on  Feb.  24;  the 
return  should,  therefore,  have  been  exactly  analogous  to  the  very 
favorable  first  return,  1846  IIL 

As,  notwithstanding  this  fact  the  comet  was  not  found  either 
before  or  after  its  perihelion  passage,  we  are  necessarily  com- 
pelled, from  what  has  been  said  above,  to  conclude  that  its  lack 
of  brilliancy  was  such  «s  to  be  out  of  all  proportion  with  that 
of  former  returns. 

Whether  the  comet  has  actually  been  lost  to  us  will  have  to  be 
decided  b^'  subsequent  observations. 

A  complete  discussion  of  the  hitherto  observed  returns  of  Bror- 
sen's  comet  is  yet  to  come.  Professor  Lamp  is  at  present  en 
gaged  in  adjusting  the  last  three  appearances  1868  I,  1873  VI 
and  1879  L  Although  his  investigations  are  not  yet  concluded, 
he  feels  himself  already  justified  in  saying  that  a  combination  of 
the  three  returns  is  not  possible  without  an  empirical  change  in 
the  mean  daily  motion.  Written  by  H.  Kreutz. 


The  above  article  which  I  have  translated  from  the  magazine 
published  by  the  German  Astronomical  Society  will  be  found  to 
contain  many  interesting  facts  connected  with  the  history  of  one 
of  the  short  period  comets  that  seems  to  have  gone  astray. 
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In  connection  with  what  Mr.  Kreutz  has  said,  I  desire  to  add 
that  I  searched  for  this  comet  on  22  nights  between  Dec.  16, 
1889,  and  March  11, 1890. 

I  first  started  with  an  ephemeris  I  had  computed  by  the  aid  of 
the  elements  determined  in  1879  by  Professor  Schulze. 

It  will  be  remembered  that  his  elements  placed  the  comet  in  the 
evening  sky,  to  the  east  of  the  sun.  Mr.  Wittstine  had  deter- 
mined a  set  of  elements  from  observations  made  in  1879,  and 
there  is  quite  a  difference  between  the  value  of  the  mean  daily 
motion  of  the  Schulze  and  the  Wittstine  elements,  so  much  so 
that  the  latter  elements  gave  an  ephemeris  that  placed  the  comet 
on  the  west  side  of  the  sun,  nearly  40°  from  the  place  indicated 
by  the  Schulze  elements.  This  led  me  to  take  the  observations 
made  of  the  comet  in  1879  and  compare  them  with  Professor 
Schulze's  orbit  which  had  been  computed  from  the  observations 
of  1868  and  1873  and  the  perturbations  allowed  for  in  the  in- 
terval. 

For  a  short  time  before  perihelion,  in  1879,  the  ephemeris 
agrees  fairly  well  with  observations,  but  after  perihelion,  say, 
from  April  10th  to  the  last  observation  made,  May  23,  the  dif- 
ference between  computed  and  observed  places  is  very  large  in- 
deed. 

I  do  not  feel  competent  to  criticise  Professor  Schulze's  work 
upon  the  orbit  of  this  comet,  but  I  am  positive  that  some  errors 
have  inserted  themselves  into  his  calculation. 

The  orbit  I  have  determined  from  the  observations  extending 
from  March  10  to  MaA'  23,  1879,  differs  quite  a  good  deal  from 
his,  not  onh'  in  the  mean  daily  motion,  which  I  find  to  be 
smaller,  but  in  the  longitude  of  the  perihelion  and  the  node. 

I  hope  to  be  prepared  to  publish  before  the  next  return  of  the 
comet,  my  discussion  of  the  several  returns  and  the  elements  cor- 
rected for  the  perturbations  between  1879  and  the  next  appari- 
tion. 

Naval  Observatoy,  Washington,  D.  C. 


THE  SPECTRA  OF  STARS  WITH  LARGE  PROPER  MOTION. 


J.  E.  GORE,  F.  R.  A.  S. 
F»R  Genbkal  Astkonomy. 

In  his  note  on  Star  Distribution  in  the  November  number  of 
The  Messenger,  Mr.  Monck  suggests  that  **  solar  stars  of  any 
magnitude  will,  on  the  average,  have  a  greater  proper  motion 


than  the  Sirian.**  To  test  the  accuracy  of  this  prediction  I  have 
gone  throui^h  the  Draper  Catalogue  of  Stellar  Spectra,  a  vahiable 
v^oliime  recently  issued  from  the  Harv^ard  Observatory,  and  the 
results  are  given  in  the  following  table.  The  magnitudes  and 
proper  motions  of  the  stars  are  taken  from  Miss  Gierke's  valua- 
ble work.  **  The  System  of  the  Stars."  Some  of  the  fast  moving 
stars  are  either  too  faint  or  too  far  south  to  be  included  in  the 
Draper  Catalogue.  It  will  be  seen  that  of  29  stars  of  which  the 
spectrutn  has  been  determined,  26  stars  are  of  the  second  or  solar 
type,  a  striking  confirmation  of  the  truth  of  Mr,  Monck^s  theory* 


star, 


Groom  bridge  1830 ., 

61  Cy^ni,  Double,,,,,.. 

40  End  a  ni,  Triple .«•, 

/i  Cusstopcitt 

P  n  123.......... 

a  Bootis..,., ,,.. 

Bradley  3077 

r  Cctt,..,.. 

6  Draconis*. ,.*...« ••••..,....• 

61  Vir^nis «* 

B.A.C  160  (?) 

20  Mavfr ♦,., 

Groorobridge  1618...... 

t  Peraei ,. 

Weisse  IV,  1189 .,» 

Sirius.  Double;  binary 

Procyon. 

Lalande  27744 

y  Serpentis 

86  Pegoai,  Double;  binary 

w  Casstopeieei  Double ;  binary.. 

o  Trianguli 

43  Comae 

36  Opliiuchi,  Double 

fj  Urstar  Majoris 

70  Ophiuchi,  Double;  btnarv... 

Lalnndc  1 6304 .'..... 

w  (72)  Herculis ..«...» 

b  (.31)  Aqtiilfle 


R.  A,  1900. 


Drc.  1900. 


Afintiat 
Mo^.    Proper    Spectrum. 
Motion. 


+  13 


ib.Q 


To  the  above  may  be  added  a  Centauri  wbicb  baa  a  proper  motion  of  3", 7  per 
aunum,  ami  1  believe  a  spectrum  o\  the  solar  type. 


CAPTURE  OF  COMETS  BY  PLANETS. 
ri    A.  NBWTON. 


In  a  paper  published  in  1878  I  obtauied  a  simple  exprcss?ion  for 
the  change  of  energy  of  a  small  body,  a  comet  for  exaniijlc,  that 
pusses  near  enough  to  a  large  planet  to  have  its  orbit  so  ser- 
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iously  changed  that  all  the  minor  terms  in  the  perturbation  may 
be  disregarded.  The  great  interest  recently  shown  in  this  partic- 
ular problem  of  perturbation  has  led  me  to  take  up  again  the 
formula,  and  deduce  some  results  that  logically  follow  from  it. 
The  details  of  the  algebraic  work  are  given  in  a  paper  in  the 
American  Journal  of  Science  [3]  vol.  XLII,  Sept.  and  Dec.,  1891. 
Some  of  the  principal  results  are  given  below.  Most  of  the  com- 
putations made  refer  to  the  case  of  comets  moving  originally  in 
parabolic  orbits  about  the  sun,  and  passing  very  near  to  the 
planet  Jupiter^  though  small  changes  will  make  the  reasonings 
apply  equally  to  other  comets  and  planets. 

1.  The  different  ways  in  which  such  comets  can  approach 
Jupiter  may,  by  disr^arding  the  plane  of  Jupiter's  orbit  about 
the  sun,  be  treated  as  depending  on  three  independent  variables. 
Let  d  be  the  shortest  distance  between  the  orbit  of  the  planet  and 
the  unperturbed  orbit  of  a  comet,  w  the  angle  between  the  two 
tangents  to  those  orbits  at  the  extremities  of  cf,  and  b  the  dis- 
tance Jupiter  has  yet  to  travel  to  reach  one  end  of  d  at  the  mo- 
ment when  the  comet  would  if  unperturbed  be  at  the  other  end  of 
d.  The  dements  of  a  given  cometic  orbit,  along  with  the  ele- 
ments oi  Jupiter's  orbit,  furnish  easily  the  corresponding  values 
of  c/,  »  and  li. 

2.  The  loss  of  energy  during  the  whole  transit  of  the  comet 
past  the  planet  is  capable  of  expression  in  terms  of  cf,  b  and  ta. 
Hence  the  semi-axis  major  of  the  elliptic  orbit  after  large  pertur- 
bation may  be  expressed  in  terms  of  the  same  three  quantities.  In 
other  words,  the  elements  of  the  orbits  of  the  comet  and  the 
planet  before  perturbation  furnish  the  means  of  computing  di- 
rectly and  simply  the  periodic  time  of  the  comet  after  a  large 
perturbation. 

3.  If  m  is  the  mass  of  the  planet,  r  its  distance  from  the  sun, 
and  if  s,  A  and  *  are  functions  of  «*  defined  by  the  equations 

s2  =  3  —  2^2  cos  oi,  A  =  ^J  and  2s  cos  *  =  1  —  s^, 

then  the  equation 

s      A^  +  di+  h^  sin2.^ 
4m  *    A  cos  »^  +  A  sin2.> 

gives  a  the  semi-axis  major  of  the  elliptic  orbit  of  the  comet  about 
the  sun  after  perturbation ;  if  a  is  negative  it  is  the  half  of  the 
transverse  axis  of  the  resulting  h3'j)erbolic  orbit. 

4.  For  a  given  value  to  and  a  given  positive  value  of  a  the 
trwo  quantities  d  and  h  can  be  treated  as  the  abscissa  and  ordi- 
nate of  an  ellipse.    For  values  of  d  and  h  corresponding  to  points 


within  the  ellipse  a  is  smaller  than  for  values  of  d  and  b  corrc8- 
pooding  to  points  upon  or  outside  of  the  ellipse.  As  a  varies  the 
ellipses  constitute  a  faisceau  of  similar  and  similarly  situated 
ellipses  having  the  straight  line  Acos^5>  -\-  Asin^*  =  0  for  their 
common  radical  axis.  For  points  above  the  radical  axis  the 
final  orbit  is  an  ellipse,  for  points  below  it  is  an  hyperbola. 

6.  The  greatest  eflect  of  pertubation  of  a  planet  moving  in  a 
circular  orbit  in  shortening  the  periodic  time  of  a  comet  moA-ing 
originally  in  a  parabola  is  obtained  if  the  comet^s  original  orbit 
actually  intersects  the  planet's  orbit  at  an  angle  of  4f5^,  and  if 
the  comet  is  due  first  at  the  point  of  intersection  at  the  instant 
when  the  planet's  distance  therefrom  is  equal  to  the  planet's  dis- 
tance from  the  sun  multiplied  b^^  the  ratio  of  the  mass  of  the 
planet  to  the  mass  of  the  sun.  The  relative  velocity  of  the  comet 
on  leaving  the  planet's  sphere  of  action,  would  be  equal  to  and 
directly  opposite  to  the  planet's  velocity,  and  the  comet  would  be 
left  entirely  at  rest  to  fall  to  the  sun. 

6,  In  order  to  facilitate  the  consideration  of  the  effect  of  a 
planet  upon  comets  as  a  group  two  arbitrar}--  assumptions  have 
been  made  relative  to  the  distribution  of  the  comets  themselves, 
and  the  distribution  of  the  directions  of  their  motions, 

(a)  If  about  the  sun  as  a  center  a  spherical  surface  S  be 
described  with  an  arbitrary  radius,  it  is  assumed  that 
near  S  space  is  filled  equably  with  comets. 

(6)  It  is  iurther  assumed  that  the  directions  of  the  comets  in 
each  cubic  unit  of  space  near  S  are  at  random :  that  is, 
that  tilt!  quits  and  goals  of  the  comets'  motions  relative 
to  the  sun  are  distributed  equably  over  the  siirfac  of  the 
celestial  sphere. 

So  far  as  these  assumptions  are  not  true  in  nature,  so  far  modi- 
fications of  conclusions  resting  upon  them  will  need  to  be  made. 

7.  It  follows  from  the  assumptions  of  (t3)  that  if  comets  be 
grouped  according  to  their  perihelion  distances  the  number  of 
comets  whose  perihelion  distances  are  less  than  q  is  proportional 
to  g. 

8,  If  the  two  assumptions  are  true  for  a  spherical  surface  S^ 
they  will  be  true  for  every  smaller  concentric  surface. 

9.  It  also  follows  that  if  r  is  the  planet's  distance  from  the  sun, 
and  r^  is  small  relative  to  r,  the  number  of  comets,  which,  in  a 
given  period  of  time  come  nearer  to  the  sun  than  r  is  to  the  num- 
ber that  (unperturbed)  come  nearer  to  the  planet  than  r'  as  Br" 
is  to  7r^*  The  factor  I  expresses  the  increase  of  numbers  caused 
by  the  planet's  motion  in  its  circular  orbit. 
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10.  The  number  of  comets  which  in  a  given  period  of  time  pass 
their  perihelia  nearer  to  the  sun  than  a  given  planet,  is  to  the 
number  of  comets  whose  periodic  times  are  reduced  by  the  per- 
turbing action  of  the  planet  so  as  to  be  less  severally  than  one- 
half,  once,  three-halves,  and  twice,  the  periodic  time  of  the  planet, 
as  unity  is  to  the  square  of  the  mass  of  the  planet  multiplied  sev- 
erally by  0.139,  0.925, 1.876  and  2.943. 

11.  With  the  same  assumptions,  and  regarding  the  planet  as 
without  dimension  so  as  to  intercept  any  comets,  if  in  a  given 
period  of  time  a  thousand  million  comets  come  in  parabolic  or- 
bits nearer  to  the  sun  than  Jupiter^  126  of  them  will  have  their 
orbits  changed  into  ellipses  with  periodic  times  less  than  one-half 
that  of  Jupiter;  839  of  them  will  have  their  orbits  changed  into 
ellipses  with  periodic  times  less  than  that  of  Jupiter;  1701  of 
them  will  have  their  orbits  changed  into  ellipses  with  periodic 
times  less  than  once  and  a  half-times  that  of  Jupiter;  and  2670 
of  them  will  have  their  orbits  changed  into  ellipses  with  periodic 
times  less  than  twice  that  of  Jupiter. 

12.  Of  the  839  comets  whose  periodic  times  after  perturbation 
are  less  than  Jupiter's  period,  203  will  after  perturbation  have 
retrograde  motions,  and  636  will  have  direct  motions.  Also  267 
of  them  will  have  quits  less  than  46°  from  Jupiter's  quit,  while 
38  of  them  will  have  quits  less  than  45°  from  Jupiter's  goal. 
Also  257  of  them  will  move  in  orbits  whose  planes  are  inclined 
less  than  30°  to  Jupiter's  orbit,  while  51  will  move  in  orbits  in- 
clined more  than  150°  to  Jupiter's  orbit. 

13.  Each  comet  has  been  thus  far  considered  as  approaching 
Jupiter  while  moving  in  a  parabolic  orbit  about  the  sun.  If  the 
comet,  however,  is  moving  in  any  other  orbit,  and  it  passes  near 
to  the  planet,  the  result  of  the  planet's  perturbing  action  will  in 
general  be  quite  similar  to  the  result  when  the  orbit  is  parabolic, 
the  other  circumstances  of  the  approach  being  assumed  to  be 
alike  in  the  two  cases. 

The  above  conclusions  refer  moreover  to  perturbations  during 
one  transit  of  the  comet  past  the  planet.  But  the  comet,  unless 
the  orbit  is  still  further  changed  by  another  planet,  must  return 
at  each  revolution  to  the  place  where  it  encountered  Jupiter,  At 
some  time  Jupiter  will  be  nigh  that  place  nearly  at  the  same  time 
as  the  comet,  and  the  comet  will  suflFer  a  new,  and  perhaps  a 
large  perturbation.  Its  period  will  again  be  changed,  being 
shortened  or  lengthened  according  as  the  comet  passes  before  or 
behind  the  planet.  The  process  will  be  repeated  again  and  again, 
since  after  any  number  of  encounters  the  new  orbit  of  the  comet 
will  still  pass  near  to  the  orbit  of  the  planet. 


This  repeated  action  makes  it  possible,  and  cTcn  usual,  to  have 
an  orbit  shortened  in  |>eriod  by  several  passages  near  to  J upitei 
instead  of  its  being  done  at  one  passage.  A  much  larger  propor- 
tion of  comets  than  839  out  of  1, 000,000, (HIO  must  therefore 
have  their  periodic  times  reduced  below  the  period  oi Jupiter, 

If  the  comet's  orbit  is  largely  inclined  to  the  ecliptic,  and  hence 
its  motion  makes  a  large  angle  with  that  oi  Jupiter,  there  is 
nearly-  an  even  chance  that  the  velocity  will  be  increased  or  dim. 
inished.  A  considerable  fractional  part  of  the  whole  number  of 
such  comets  will  at  each  passage  be  thrown  out  of  the  solar  sys- 
tem altogether,  or  thrown  into  such  long  orbits  that  they  will 
return  only  at  very  great  intervals  of  time.  This  class  of  comets 
cannot  be  therefore  regarded  as  permanent  members  of  the  family 
of  short  period  comets,  except  such  of  them  as  happen  to  come  so 
near  to  other  planets  as  to  have  their  orbits  changed  in  such  wise 
that  they  do  not  have  thereafter  the  near  approach  to  Jupitefs 
orbit.  But  when  an  orbit  is  greatly  inclined  to  the  plane  of  the 
solar  s^'stem  the  comet  passes  through  the  plane  in  general  at  a 
considerable  angle,  and  the  chance  of  coming  close  to  another 
planet  is  relatively  small. 

On  the  other  hand,  all  the  comets  which  after  perturbation  are 
moving  in  orbits  somewhat,  but  not  greatly  inclined  to  the 
ecliptic,  are  Hable  to  meet,  (in  fact,  are  sooner  or  later  almost 
certain  to  meet)  other  planets  in  such  a  way  as  to  suffer  pertur- 
bations that  will  prevent  future  close  encounters  with  Jupiter, 
After  such  changes  those  comets  must  be  regarded  as  tolerably 
permanent  members  of  the  solar  system. 

Comets  that  have  motions  not  greatly  inclined  to  Jupiter's  mo- 
tion are  more  likely  in  subsequent  passages  near  to  Jupiter  to 
have  their  periodic  times  shortened  than  lengthened.  On  the  con- 
trary, those  passing  in  nearly  opposite  direction  to  Jupiter's  mo- 
tion will  be  quite  sure  to  have  their  periods  lengthened  rather 
than  shortened. 

All  these  causes  combine  and  work  together  to  the  one  end  that 
those  comets  which  are  changed  by  the  perturbing  action  of 
Jupiter,  or  other  planets,  from  parabolic  orbits  of  every  possible 
inclination  to  the  ecliptic  into  short  period  ellipses,  and  become 
pennanent  members  of  the  solar  system,  will  as  a  rule  (but  with 
exceptions)  move  in  orbits  of  moderate  inclination  to  the  ecliptic, 
and  with  direct  motions. 

We  know  as  a  fact,  that  most  short  period  comets  do  move  in 
orbits  having  small  inclinations  and  direct  motions,  w^iile  long 
period  and  parabolic  comets  move  at  all  possible  inclinations  to 
the  ecliptic.  If  the  short  period  comets  have  been  changed  by 
Jupiter  and  other  planets  from  parabolic  orbits,  the  preceding  in- 
vestigation shows  why  their  orbits  have  now  small  inclinations 
to  the  ecliptic,  and  the  comets  themselves  have  direct  motions. 


Eruption  draumjuty  g,  /Sgi,  ai  Malocsa,  Hungary, 
ai  jh,  om.  P.M,  Kafocsa  31.  T, 
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Prominence  photographed  Oct,  20,  iSgt,  at  2  h.  ?o  m.  P.  M. 


Distortion  of  Calcium  lines  photographed  Oct.  jo,  at  10  //.  ^S  m. 
Showing  velocity  0/  6^  miles  per  second  toivard  the  earth. 


\.  M. 


Astro-Physics. 


THE  ASTRO-PHYSICAL  JOURNAL. 


It  was  early  in  June  of  the  present  year  that  the  publication  of 
a  journal  devoted  to  spectroscopy  and  astro-physics  was  sug- 
gested to  the  writer  by  Professor  C.  A.  Young,  but  a  projected 
European  trip  allowed  no  definite  action  to  be  taken  at  that 
time.  While  abroad,  however,  an  opportunity  was  aflForded  of 
discussing  the  matter  with  many  astronomers  and  spectroscop- 
ists,  and  the  interest  so  generally  manifested  led  to  the  belief  that 
strong  support  and  a  wide  field  of  usefulness  might  be  expected 
for  such  a  publication.  It  is  very  evident  to  anyone  ac- 
quainted with  the  present  condition  of  astronomy  and  physics 
that  in  these  sciences  no  one  instrument  plays  a  more  prominent 
part  than  the  spectroscope.  Long  recognised  as  a  powerful 
means  for  the  chemical  analysis  of  near  and  distant  luminous 
bodies,  it  has  but  recently  been  promoted  to  the  distinction  of  an 
instrument  of  precise  astronomy,  in  consequence  of  its  closely 
concordant  measures  of  stellar  and  nebular  motion  in  the  line  of 
sight.  This  upward  step,  long  since  foreseen  by  our  still  active 
pioneer,  Dr.  Huggins,  has  disarmed  whatever  of  prejudice  against 
the  spectroscope  that  may  have  existed  among  members  of  the 
older  school  of  astronomy,  and  few  observatories  are  considered 
fully  equipped  without  this  efficient  aid  to  research.  With  its  re- 
cent rapid  developments  spectroscopy  may  well  be  regarded  as 
having  entered  upon  a  new  and  promising  era  of  progress ;  al- 
read\'  we  are  in  reach  of  a  simple  and  direct  method  of  determin- 
ing the  distance  of  the  sun  by  its  means,  and  the  relations  now 
known  to  exist  between  the  spectra  of  some  of  the  elements  sug- 
gest equally  important  advances  to  the  physicist. 

On  account  of  its  manifest  importance,  and  its  appeal  to  as- 
tronomers, physicists,  and,  to  some  extent,  chemists,  it  is  much 
to  be  regretted  that  the  literature  of  spectroscopy  is  so  widely 
scattered.  Few  investigators  are  so  fortunate  as  to  have  easy 
access  to  the  files  of  all  the  journals,  the  innumerable  publications 
of  learned  societies,  and  the  annals  of  all  observatories.  Again, 
however  perfect  may  be  the  familiarity  of  the  English-speaking 
scientist  with  languages  other  than  his  own,  there  can  be  no 
doubt  that  he  allows  to  pass  unread  many  papers  which  would 
at  least  be  rapidly  scanned  for  points  of  importance,  were  the}^ 
printed  in  English. 


For  these  and  other  reasons  the  publication  of  an  astro-physical 
journal  seemed  eminenth^  desirable.  The  question  has  been 
thoroughly  discussed  in  conversation  with  Professor  Young,  Dr. 
Hugg^ns,  Professor  Vogel,  Dr,  Scheiner,  Mr.  Ranyard,  Hen- 
Schumann,  Professors  Liveing  and  Dewar,  M.  Deslandres,  M. 
Trouvelot,  Professor  Pickering,  Professor  Hastings,  Professor 
Keeler  and  many  others.  All  expressed  interest  in  the  idea,  and 
promised  to  assist  the  journal  by  the  contribution  of  papers. 
But  there  were  many  objections  to  adding  another  to  the  already 
long  list  of  astronomical  publications,  and  Professor  Payne's  re- 
cent suggestion  of  a  imion  with  The  Sidereal  Messenger  wa« 
considered  so  desirable  that  it  was  at  once  accepted.  Though 
printed  with  The  Messenger,  which  will  be  seen  to  have  under- 
gone many  modifications  and  improvements,  The  Astro- Physi- 
cal Journal  will  have  an  individuality  of  its  own,  and  full}^  as 
much  space  w^ill  be  devoted  to  it  as  would  be  the  case  in  a  sepa- 
rate publication. 

It  shall  be  our  endeavor  to  bring  our  papers  both  to  the 
astronomer  and  to  the  physicist,  for  in  many  cases  the  spectro- 
scopist  can  ill  afford  to  lose  either  portion  of  his  audience.  Trans- 
lations and  reprints  of  important  papers  will  be  freely  used,  the 
idea  being  to  place  within  reach  of  all  a  large  portion  of  the 
current  literature  of  astro-physics. 

We  append  below  a  number  of  letters  which  have  been  received 
with  permission  to  publish.  Supplementing  as  they  do  the  prom- 
ises of  support  already  mentioned^  there  seems  to  be  sufficient 
reason  to  confidentl3'  hope  for  success*  It  should  be  added  that 
most  of  the  letters  were  written  before  a  union  with  The  Side- 
real Messenger  had  been  suggested.  All  who  have  since  heard 
of  this  plan  heartily  approve  of  it. 

Upper  Tclse  Hill,  London,  S.  W„  28  Oct.»  1891. 
Professor  George  E.  Hale^ 

Dear  Sir:— I  am  very  pleased  indeed  to  hear  that  3-011  intend  to  carry  out  tbe 

Project  yon  mentioned  to  me  when  you  were  in  England,  of  publishing  an  Astro- 
physical  Journal, 
'  I  think  that  you  have  a  very  large  and  unworkcd  field  before  you,  and  1  wish 
yon  most  hcartify  the  highest  success  possible.    It  will  be  a  pleasure  to  its  to  send 
jou  any  papers  we  may  have,  at  as  early  a  date  a^  possible,  for  insertion  in  your 


Yours  sincerely, 

William  Hug  gins. 


The  Observatory,  Princeton,  N.  J.,  Oct.  17, 1891. 


new  journal. 


My  Dear  Mr.  Hale:— 

As  to  the  Journal,  I  am  delighted  to  hear  that  you  have  finally  decided  to 
tmdertake  its  pubUcatiou.  I  think  it  will  lie  extremely  useful  and  valuable,  and  1 
most  cheerfully  promise  to  do  whatever  I  can  to  aid  you  in  the  enterprise. 

Yours  sincerely, 

C'.  A-  YotTKC* 
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Obseryatoirb  d'Astronomib  Physique  de  Paris, 

Meudon,  le  21  Nov.,  1891. 
Cber  Monsieur  : 

J*ai  beaucoup  regrett^  de  ne  pas  m*fitre  trouv€  k  Meudon  quand  vous  y  avez 
pass^.  J'aurais  aim^  d  causer  avez  vous  de  Tint^ressant  observatoire  consacr^ 
principalement  k  la  spectroscopic,  que  vous  fondez  vous-mdme,  et  oti  vous  avez 
d^a  obtenu  de  remarquables  r^sultats. 

Vous  m'feivez  que  vous  voulez  fonder  un  journal  sp^cialement  consacrd  k  la 
spectroscopic  et  vous  me  demandez  mon  avis. 

Je  pense  que  tons  les  astronomes  pbysiciens  ne  pourront  que  vous  encourager 
«t  vous  aider.  Un  rccueil,  mime  non  reguli^reraent  p^riodique,  qui  nous  donner- 
ait  les  travaux  et  les  d^ouvertes  en  spectroscopic,  r^sum^s  autant  que  possible 
par  les  auteurs  eux-m^mes,  aurait  un  btcn  grand  int^r^t  et  plus  tard  serait  bten 
pr^eux  |>our  Thistoire  de  cette  spectroscopic  celeste  dont  Tavenir  est  immense. 

£n  vous  souhaitant  plein  succ^s  je  vous  prie  de  croire  k  mes  sentiments  les 
plus  distingu^s  et  d€ vou^.  J.  J  anssen. 


Cambridge,  England,  1  Nov.,  1891. 
To  Proiessor  Geor^  B.  Hak, 

Dear  Sir: — It  is  with  pleasure  that  we  have  learnt  your  intention  to  publish 
an  Astro-Physical  Journal.  The  great  advances  in  our  knowledge  of  the 
physics  of  the  heavenly  bodies  consequent  on  the  use  of  the  spectroscope,  and  the 
mcreasing  number  of  workers  in  that  line  of  research,  seem  to  us  good  reasons  for 
thinking  that  your  proposal  will  meet  a  want  of  the  time.  Moreover  it  seems  to 
OS  very  fitting  that  the  Journal  should  be  published  in  America,  where  there  are 
not  only  many  excellent  observers  possessing  first-class  instruments,  but  also  a 
climate  far  better  suited  for  astronomical  observations  than  we  on  this  side  the 
Atlantic  enjoy.  We  shall  be  glad  to  coSpcrate  in  the  undertaking  so  far  as  it  lies 
within  our  power.  We  are,  dear  sir,  very  truly  yours, 

G.  D.  Liteing, 
Jambs  Dewar. 

Harvard  College  Observatory,  Cambridge,  Oct.  19, 1891. 
Pro^ssor  G.  E,  Hale,  Kenwood  Physical  Observatory,  Chicago, 

Dear  Sir:— The  plan  which  you  have  formed  for  the  publication  of  The 
Astro-Physical  Journal  appears  to  me  very  judicious,  and  I  think  that  the 
work  will  be  of  much  value  and  interest.  Your  intention  of  making  it  include 
translations  of  articles  from  foreign  journals  fully  commends  itself  to  me.  It  will 
give  me  pleasure  to  communicate  to  The  Astro-Phvsical  Journal  any  observa- 
tions made  here  which  relate  to  the  problems  to  be  discussed  in  it,  and  such  re- 
marks upon  those  problems  as  I  can  find  time  to  prepare. 

Very  truly  yours, 

Edward  C.  Pickering. 


915  Cathedral  Street,  Baltimore,  Dec.  4, 1891. 
Dear  Sir:— The  science  of  spectroscopy  has  certainly  advanced  far  enough  to 
furnish  material  for  a  new  journal,  and  I  have  no  doubt  that  the  publication  of 
your  Astro-Physical  Journal  would  do  much  to  still  further  advance  the  sub- 
ject. 1  shall  do  all  I  can  to  make  it  a  success,  and  hope  that  others  will  do  like- 
wise. Yours  sincerely, 

Henry  A.  Rowland. 


Paris,  le  5  Nov.,  1891. 
Monsieur : — 

Au  retour  d'un  assez  long  voyage  je  trouve  votre  lettre  et  m'empresse  de  vous 
remercier  de  vos  aimables  propositions. 

Je  serai  tr^s  heureux  et  tr^s  honor^  de  recevoir  Thospitalit^  dans  The  Astro- 
Phtsic A L  Journal;  je  regrette  seulement  de  n'avoir  pas  pr^sentement  k  vous 
adresser  un  memoire  digne  de  figurer  k  c6td  de  ceux  des  savants  illustres  qui  sont 
d^^  vos  collaborateurs. 

Je  serai  particuli^ement  dispose  k  vous  envoyer  quelques  r^sultats  relatif  A  la 
spcctrof  copie  pour  les  faire  connaitre  au  public  Am^ricain;  je  me  souviens  trop 


bien  tout  cc  que  jc  dois  k  vo«  savants  compntriotcs  L.  Rtjtlierford  ct  le  Professor 
Rowland,  dont  Ics  ad  mi  rabies  r€seaux  m*ont  6t6  si  utiles  dans  rncs  rcchcrchcs. 
Vcuillci  agrtfcr.  je  vows  prie,  Monsieur,  Texpression  dc  mes  sentiments  bien 

d^VOU^S.  A.  COR5LT. 


Smithsonian  Institution.  Washington,  D.  C,  Oct,  21,  1891, 

Dear  Sir:— I  have  the  honor  to  acknowledge  tfic  receipt  of  your  letter  of  the 

15th  instant,  advising  me  that  you  contemplate  publisriing  an  AsTRO-PuvstCAL 

'^UURNAL  about  the  first  of  Decemlicr.     I  can  heartily  assure  you  of  my  interest 

tid  good  wishes  for  the  undertaking,  and  I  shall  bofic  tvi  have  an  opportunity  of 

■^commnnicating  results  of  observations  made  in  the  Smithsonian  Astro^Physica 

Observatory  in  due  time. 

Yours  very  truly, 

S.  P.  Laxglbv,  Sccretarv. 


WrLLESLtE  HorsE,  1,  Wetherby  Place.  London,  S,  W.,  22  Nov.,  1891, 
Dear  Sir: — Owing  to  an  absence  I  was  unable  to  reply  to  yonr  letter  before. 
I  shall  be  glad  to  send  you  advance  sheets  of  my  papers  to  the  Royal  Society.  I 
am  sure  that  a  journal,  such  as  you  propose  bringing  out,  will  be  most  useful  to 
istronomcrs  and  physicists,  and  should  command  support  on  both  sides  of  the 
>ater.  The  bill  of  fare  which  yon  promise  in  your  first  number  will  be  sufficient 
ridence  of  the  useful  scojk  of  the  Journal, 

Wishing  you  all  success  in  your  enterprise.  Believe  mc,  yours  faithfully^ 

W.  DE  W.  Abney. 


Allegheny  Observatorv,  Allegheny,  Penna.,  Oct.  15»  1891, 
Professor  George  B,  Hak^  Chicago^  Ills., 

My  Dear  Sie:— I  am  glad  to  learn  from  your  letter  of  Oct.  12»  that  you  in- 
tend to  start  a  journal  devoted  to  astro-physics  and  spectroscopy.  There  seems 
to  be  a  good  field  for  stich  a  journal  in  this  country,  and  I  have  no  doubt  that 
the  enterprise  will  have  the  success  it  merits. 

It  will  give  mc  pleasure  to  send  you  occasional  contributions  from  this  ob- 
Krvatory.  Yours  very  truly, 

James  E.  Keelhk. 


HoYAi.  Odservatorv,  Greenwich.  London,  S.  B.,  Oct.  27, 1891. 
Dear  Sir:— I  am  very  glad  to  Icani  of  your  intended  enterprise,  and  most 
heartily  wish  you  all  success  in  it.  I  feel  sure  it  will  do  much  good  by  increasing 
the  interest  felt  in  Physical  Astronomy,  and  possibly  by  bringing  forward  new 
workers.  If  I  am  able  in  any  way  or  at  any  time,  to  help^  I  shatl  be  very  pleased 
to  do  so,  though  I  fear  that  any  assistance  I  may  be  able  to  render  w\U  be  of  the 
slightest.  Yours  ver>'  truly, 

*E.  W.  MAtJNDER, 


Leipzig,  den  4  Nov..  1891,  No.  25  Mittclstrasse. 

Hqchgeehrter  Herr! — Ihre  Absicht,  dcmnachst  ein  spcctroskopischcs  JOUB- 
>CAL  herauszugeben,  begriisfw;  ich  mit  Prcnden,  denn  eine  Zeitschrift,  die  speciell  der 
Sj^ctroskopic  gcwidmet  ist,  ejcistirt  znr  Zcit  nirgends.  Was  die  Si>ectralwisscn- 
schaft  zu  Tage  fordert,  gelangt  racist  in  Joumalcn  verschicdencn  In  halts  zur  Pub- 
lication;  hicrdurch  wird  die  Oricntirnng  a uf  spectra len  Gebicte  ungcmein  ersch- 
wert.  Der  Spectroskopiker  setzt  sich  demzufolge  mehr  wic  jeder  andere  Forscher 
der  (jefahr  aus,  wiederzuentdecken,  was  schon  andere  vor  ihm  ausfindig  gcmacht 
hat)en.  Das  wird  besser  werdcn,  sobald  die  Si>ectroskopic  tiber  eigene  Organc 
vcriligt.  Ihr  Untemehmen,  die  Griindung  ciner  solchen  Zeitschrift,  durfte  sonach 
einen  ISngst  gehegten  Wunsche  allcr  Spectral kundigen  entsprechcn.  Ich  wiinschc 
Ihnen  besten  Erfolgdam. 

Mcinc  apectralcn  Ergebnisse,  die  Ihneo  zum  Tbeil  aws  eigener  Anschauttug 
bckannt  sind,  werde  ich  Ihnen  nach  und  nacli  zur  Aufnahme  in  Ihr  spectroskop- 
isches  JouRKJiL  zukommen   lasaeti.     Die   Spectrogramme  kleiuster   WcUenlaugc 
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<<A.1800),  die  dem  Spectmm  des  Wasaerstofis  angehdren,  werde  ich  Ihnen  eben- 
£ftns  znr  Verfagmig  stellen,  sobald  meine  photog^aphischen  Aufnahmen  im 
eracuirten  Raome  zum  Abschluss  gelanet  nnd. 

Mit  Yorzdglicher  Hochachtting, 

V.  Schumann. 


Lick  Obsbsyatort,  Mt.  Hamilton,  Nov.  10, 1891. 
Mj  Dear  Mr,  Hak:^ 

I  sincerely  congratulate  yon  on  having  fonnd  a  satisfactory  means  of  publish- 
ing The  Astko- Physical  Journal,  and  I  wish  yon  every  success  in  your  plan.  I 
have  no  donbt  whatever  that  yon  will  command  success,  and  it  will  be  onr 
pleasure  to  give  yon  all  the  support  which  we  can  from  Mt.  Hamilton. 

With  kind  regards,  sincerely  yours, 

Edward  S.  Holden. 


Stonyuurst  Observatory,  Lancashire,  Nov.  2, 1891. 
George  B.  Hale,  Esq. 

Dear  Sir: — I  received  duly  your  very  kind  letter  of  the  14th  ult.j  and  I  beg  to 
thank  you  for  the  honor  you  have  done  me  in  asking  me  to  contribute  to  your 
Astro-Physical  Journal.  I  shall  be  only  too  glad  to  do  so  whenever  I  have  the 
means.  But  the  nature  of  my  work  in  the  College  leaves  me  without  much  leisure 
for  writing. 

I  shall  value  The  Journal  very  much,  as  most  of  my  work  at  the  observa- 
tory is  with  the  spectroscope.  And  if  you  will  kindly  inform  me,  I  shall  be  glad 
to  be  a  subscriber. 

Yours  very  truly, 

Walter  Sidgreayes. 


Meudon,  France,  Oct.  31, 1891. 
Dear  Sir:— I  am  much  pleased  to  learn  that  you  have  decided  to  publish  the 
journal  on  spectroscopy  you  mentioned  in  your  last  visit  to  Meudon.  I  think 
that  such  a  work,  conducted  by  so  able  and  enthusiastic  a  worker  as  yourself, 
will  certainlj;  prove  of  great  assistance  to  spectroscopists,  as  well  as  it  will  ma- 
tcriany  assist  m  developing  this  branch  of  science. 

I  will  take  great  pleasure  in  occasionally  contributing  papers  on  my  line  of 
research.  Very  Irulv  yours, 

^  '         E.  L.  TRorvELOT. 

Worcester,  Mass.,  Nov.  27,  1891. 
\fy  Dear  Mr.  Hnlc:— 

I  am  very  glad  to  learn  of  the  enterprise  you  have  in  hand,  and  shall  be  very 
happy  to  contribute  anythin)^  of  my  own  work  which  may  jx^rtain  to  the  subject. 

You  are  quite  welcome  to  reprint  anything  of  mine  which  has  been  published, 
but  the  results  which  I  communicxitcd  to  you  in  New  York  have  not  ^-ct  api^eared 
in  print,  and — while  I  have  not  the  slightest  \>bjecti()ns  to  your  making  any  use 
\'Ou  please  of  the  r.ither  rambling  statements  I  then  made — I  shoi  Id  hardly  like  to 
publish  anything  jet,  over  my  own  name;  though  1  may  be  in  a  j)osition  to  do  so 
in  a  few  months. 

With  kind  regards,  and  most  cordial  wishes  for  the  success  of  the  new  enter- 
prise, I  am,  Sincerely  yours. 

AlIIEr't'A.  MlCIiELSOX. 

Johns  Hopkins  L'niversitv,  Baltimore,  Oct.  17,  1891. 
Professor  Geo.  E.  UalCy  Kenwood  Physical  Ofjscrvatory,  Chicago,  III. 

Mv  Dear  Sir:— Your  letter  of  the  12th  inst.  was  duly  received. 

I  think  your  idea  of  publishing  a  journal  si^cially  devoted  to  spectroscopic 
work  is  a  capital  one.  Not  onl3'  will  it  l)e  of  great  l)cncfit  to  the  investigators 
themselves;  but  it  will  also  serve  to  interest  others  in  this,  one  of  the  most  fruit- 
ful and  attractive  fields  of  Ph^'sics.  I  shall  do  all  in  my  power  to  further  3'our 
interests. 

Most  sincerely  yours, 

Joseph  S.  Ames. 


1416  K  St.,  Washington,  D.  C,  Oct.  26.  1891. 
Dear  Sir: — I  ara  pleased  to  learn  that  wc  arc  to  have  in  the  United  States  a 
journal  devoted  to  Astro-Fhysics,  and  T  assure  yon  that  I  shall  l>c  verj' glad  to  i 
contribute  any  paper*  that  may  arise  from  my  work,  unconnected  with  official  1 
duties,  which  may  be  connected  with  this  subject. 

YoniH  iniiy, 

Frank  H,  Btgblow. 


RusTttALL  House,  Tunbridgc.  Wells,  Octolier  31, 1891. 

'Pro/essor  George  E,  Hale, 

Dkar  Sir  :— I  fully  appreciate  your  object  in  bringing  out  *'  Thr  Astro-Pmysi- 
CAi-  JorRNAL,"  and  if  able  to  forward  that  object  at  any  time,  1  will  gladly  do 
so.     With  kind  regards,  I  remain  Yours  very  truly, 

Frank  M  c Cl  k an  . 


7,  Kensfngton  Park  Gardkns.  London,  W.*  Nov.  2nd,  1891, 
To  Professor  G.  E,  Hnle,  Kenwood  Phjskat  Observatory^  Cbkngo,  U.  S,  A. 

MvDharSir:  I  am  glad  you  are  going  to  bring  Jnt  the  **  Astro-Piivsicai* 
JovHNAL,"  mul  I  shall  nwait  the  first  number  with  great  interest,  1  think  it  will 
fill  n  gap  in  our  scientific  literature.  ,..,.., 

With  kind  regards,  believe  me, 

Very  trnly  yoiirs, 

VViLLiAM  Crook Es. 


DISTRIBUTION   OF  ENERGY  IN   STELLAR  SPECTRA.* 


PROFESSOR  E-  C,  PICKERING. 

PoK  AsTHo-Pursicii. 

The  relative  brightness  of  stars  or  other  luminous  objects  of 
different  colors  cannot  be  correctly  indicated  by  any  single  num- 
ber or  ratio.  It  is  necessary  to  employ  a  curve  or  series  of  num- 
bers which  shall  give  a  measure  of  the  energy  of  rays  of  each 
different  wave-length.  Stellar  magnitudes  only  have  a  value  so 
long  as  we  can  neglect  the  differences  iu  distribution  of  the  light 
according  to  the  wave-length.  Therefore  when  we  compare  the 
results  of  different  processes,  as  photography  and  visual  observa- 
tions, entirely  different  results  will  be  obtained  for  objects  of  dif- 
ferent colors.  If,  however,  we  deal  with  rays  of  a  single  wave- 
length, all  methods  should  give  the  same  relative  intensities.  The 
intensities  of  rays  of  different  wave-lengths  may  be  determined  by 
comparing  the  densities  of  different  portions  of  a  photographic 
si>ectrum.  But  large  corrections  must  be  applied  for  various 
sources  of  error  for  rays  of  each  wave-length.  Among  these  may 
be  mentioned  the  absorption  of  the  earth's  atmosphere,  the  ab- 
sorbtion  of  the  prisms  and  lenses,  the  unequal  sensitiveness  of  the 
silver  salts,  and  the  dispersion  of  the  prisms  by  which  the  violet 


Conamunicated  bv  the  atithor. 
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rays  are  spread  over  a  larger  surface  than  the  red  rays.  The  di- 
rect determination  of  all  these  quantities  would  be  a  matter  of  no 
little  difficulty.  Fortunately  this  problem  is  greatly  simplified  by 
making  the  measures  diflferential  and  comparing  them  with  the 
elaborate  determination  of  the  distribution  of  the  energy  in  the 
solar  spectrum  made  by  Professor  Langley  with  the  bolometer. 
He  was  aided  in  this  research  by  Professor  F.  H.  Very,  and  has 
kindh'  furnished  approximate  values  of  their  results,  from  which 
the  quantities  given  in  the  accompanying  table  are  derived.  The 
values  of  the  wave-lengths  are  given  in  the  first  column,  and  the 
logarithm  of  the  corresponding  amount  of  energy'  in  the  second. 
The  unit  of  energy  is  heVe  assumed  to  be  that  of  the  h\'drogen 
line  G,  this  point  being  selected  since  it  is  near  the  center  of  the 
photographic  spectrum.  Instead  of  the  usual  logarithmic  ex- 
pressions corresponding  to  numbers  less  than  unity,  the  equiva- 
lent negative  expressions  have  been  used.  Thus  — .26  is  substi- 
tuted for  9.74,  etc.  to  make  the  table  conform  to  the  usual 
method  of  representing  negative  quantities.  They  can  thus  be 
readily  converted  into  intervals  on  the  scale  of  stellar  magni- 
tudes if  desired  by  dividing  by  0.4.  Thus  the  logarithmic  interval 
— .26  would  correspond  to  .65  of  a  unit  of  stellar  magnitudes. 

From  the  collection  of  photographs  of  stellar  spectra  forming 
part  of  the  Henry  Draper  Memorial  nine  were  selected,  all  taken 
under  similar  conditions.  They  represent  «  Virginis,  r  Cassiopeiae, 
aCanis  Majoris,«  Canis  Minoris,  «  Aurigae,  Saturn,  a  Tauri,  «  On- 
onis, and  the  sun.  The  spectrum  of  a  Virginis  is  of  the  first  type, 
but  the  Orion  lines  are  well  marked ;  rCasslopeiae  contains  bright 
lines;  «  Canis  Majoris  is  a  typical  first  type  star;  «  Canis 
Minoris  is  intermediate  between  the  first  and  second  tj'pes;  a 
Aurigse  is  of  the  second  type;  Saturn's  spectrum  closely  resembles 
that  of  our  sun,  so  also  does  that  of  fi  Bootis;  «  Orionis  is  of  the 
third  type,  or  intermediate  between  the  second  and  third.  The 
spectrum  of  the  sun  was  obtained  by  reflecting  its  rays  through  a 
narrow  slit  and  then  rendering  them  parallel  b\^  means  of  a  con- 
cave mirror  having  an  aperture  of  15  inches  and  a  focal  length  of 
150  inches. 

Measures  were  then  made  by  Mrs.  Fleming  of  twenty  points  in 
each  of  the  spectra,  by  comparison  with  a  standard  photograph- 
ic wedge  (Harvard  Observatory  Annals  XXVI,  p.  6).  These 
measures  were  converted  into  logarithmic  intervals,  and  the 
measure  corresponding  to  the  wave-length  434,  which  is  that  of 
the  hydrogen  line  G,  was  subtracted  from  each.  The  values  of 
the  logarithm  of  the  energy  of  the  solar  light  taken  from  the  sec- 
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ond  column  of  the  table  was  next  subtracted.  The  remainder  will 
show  the  excess  or  deficit  of  energy  of  the  star  as  compared  with 
that  of  the  sun,  eliminating  the  various  sources  of  error  enume- 
rated  above.  Finally  the  observed  points  were  plotted  and 
smooth  curves  were  drawn  through  them.  From  these  curves 
the  values  were  found  for  each  of  the  wave-lengths  given  in  the 
table.  The  results  for  the  various  stars  observed  are  given  in  the 
successive  columns  of  the  table.  Thus  in  the  case  of  a  Orion  is  the 
energy  for  the  wave-length  390,  or  near  the  line  a,  is  — .57  as  com- 
pared with  that  of  sunlight.  The  numerical  ratio  is  0.27,  whose 
logarithm  is  9.43.  The  absolute  energy  is  found  by  adding  the 
tabular  number  to  that  given  for  sunlight  in  the  second  column. 
Thus  — ,26  — ,57  = — ^,83,  corresponding  to  the  ratio  0.15.  In 
the  case  of  a  Orionis,  therefore,  the  energ^^  of  the  light  of  wave- 
length 390  is  only  about  one-seventh  of  that  of  wave-length  434. 
The  numerical  values  of  the  energ\^  of  sunlight  are  given  in  the 
last  column  of  the  table.  It  therefore  equals  the  anti-logarithm 
of  the  second  column. 
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In  the  case  of  sunlight,  a  small  correction  should  be  applied  for 
the  selective  re6ection  of  the  silvered  gUiss  mirror.  '  This  effect 
does  n(»t  appear  to  be  largc»  since  the  spectrum  of  Saturn  gives 
nearly  the  same  results  as  that  derived  from  direct  sunlight, 
except  for  rays  of  short  wave-lengths.  The  negative  values  de- 
rived from  these  rays  in  the  case  of  Saturn  may  be  due  to  the 
selective  reflection  above  mentioned.  The  corresponding  resid- 
uals of  the  other  spectra  might  be  corrected  by  the  amount  thus 
tndicaLcd.  Perhaps, however, Saturn  is  really  bluer  than  the  sun» 
in  which  case  the  values  already  given  are  correct.  The  curve  for 
a  Aurigos  is  nearly  the  same  as  that  of  a  Canis  Majoris  which 
shows  that  although  its  lines  are  the  same  as  those  of  the  sun, 
the  distribution  of  its  light  resembles  that  of  a  first  type  star. 
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The  red  color  of  a  Tauri  and  a  Ononis  as  compared  with  a  Vir- 
ginis  and  a  Canis  Majoris  is  clearly  shown  by  the  change  in  sign 
of  the  residuals. 

Observatory  of  Harvard  College, 
Cambridge,  Mass.,  U.  S.  A.,  October  31, 1891. 


SPECTRUM  OF  /3  LYRffi.^ 


PROFESSOR  BBWARD  C.  PICKRRING. 

The  spectrum  of  the  variable  star,  /3  Lyrae,  is  unlike  that  of  any 
otherstar  hitherto  examined.  With  the  aid  of  Mrs.  M.Fleming  and 
Miss  A.  C.  Maury  a  careful  study  has  been  made  of  twenty-nine 
photographs  of  this  object.  These  photographs  form  part  of  the 
Henry  Draper  Memorial.  The  images  on  four  other  plates  were 
too  indistinct  to  be  used  and  were  not  included  in  the  following 
discussion.  The  spectrum  is  traversed  by  broad  dark  bands 
due  to  hydrogen  and  also  by  other  lines  characteristic  of  many 
stars  in  the  constellation  of  Oripn  and  forming  that  division  of 
the  first  type  which  is  designated  as  B  in  the  Draper  Catalogue. 
But  besides  these  several  bright  lines  are  visible  which  change 
their  positions.  The  most  conspicuous  of  them  have  the  ap- 
proximate wave-lengths  486,  443,  434,  410,  403,  and  389. 
The  first,  third,  fourth  and  sixth  of  these  apparently  coincide 
with  the  hydrogen  lines  F,  G,  h  and  a.^  The  others  are  two  of  the 
most  marked  of  the  Orion  lines.  The  bright  lines  sometimes  have 
a  slightly  greater  wave-length  than  the  corresponding  dark  lines, 
so  that  the  latter  sometimes  appear  to  have  bright  edges  on  the 
less  refrangible  side  while  at  other  times  the  reverse  is  the  case. 

It  is  obvioush'  desirable  to  trace  an\'  connection  which  may 
exist  between  these  changes  and  the  variations  in  the  brightness 
of  the  star,  the  principal  minima  of  which  occur  at  regular  inter- 
vals of  about  12'*  22*^ .  There  are  two  maxima  occuring  at  3^  5** 
and  9**  16**  after  the  principal  minimum  and  an  intermediate 
minimum  following  it  6**  11^  .  Of  the  eleven  plates  in  which  the 
bright  lines  had  a  diminished  wave-length  it  was  found  that  all 
had  been  taken  during  the  second  half  of  the  period  of  variation, 
that  is  after  the  second  minimum  and  more  than  6''  11^  after  the 
principal  minimum.  The  fourteen  plates  taken  during  the  first 
half  of  the  period  all  showed  an  increase  in  wave-length  of  the 
bright  lines,  that  is,   the  dark  lines  appear  bright  on   the  side 

•  Astr.  Nach.  3051. 
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towards  the  red.  There  are,  however,  three  exceptions,  plates  at 
6^U3'*,7'^  12*»  and  at  11^^  11^  show  an  increased  instead  of  a 
diminished  wave-length.  A  re-examination  of  these  three  plates 
showed  that  the  deviation  of  the  lines  was  not  very  marked,  and 
two  other  plates  taken  near  the  two  minima  showed  a  tendency 
of  the  lines  to  occupy  an  intermediate  position  and  sometimes  ap- 
parently to  fall  on  the  dark  lines  so  as  to  nearly  disappear, 

Since  the  observations  extend  over  more  than  four  3^ears  or  130 
periods  of  variation  of  the  star,  this  latter  period  must  coincide, 
or  at  least  agree  very  closely  with  the  period  of  change  in  the 
lines.  It  seems  probable  that  they  are  due  to  the  same  cause.  It 
should  be  noticed,  however,  that  bright  lines  are  not  \Hsible  in  the 
spectra  of  other  variable  stars  of  short  period.  The  spectrum  of 
S  Monocerotis  is  of  the  Orion  t^^pe,  with  dark  lines  resembling 
those  in  the  spectrum  of  fi  Lyrae;  >  Geminorura,  X  Sagittarii,  V 
Sagittarii,  r^  Aquilre  and  '^  Cephei  have  spectra  of  the  second  type 
and  the  spectrum  of  T  VulpecuL'e  is  intermediate  between  the 
first  and  second  t3'pes. 

Theactual  changes  in  thespectra  when  studied  in  detail  are  much 
more  complicated  than  has  been  stated  above  and  show  a  variety 
of  intermediate  phases,  and  changes  in  the  dark  as  well  as  in  the 
bright  lines.  In  some  of  the  photographs  several  of  the  bright 
lines  appear  to  be  double,  Micrometric  measures  are  now  in  pro- 
gress, additional  photographs  are  being  taken,  and  a  complete 
study  of  the  whole  will  Ije  made. 

The  most  natural  explanation  of  the  motion  of  the  bright  lines 
is  that  the  object  emitting  'them  is  revolving  in  a  circular  orbit 
having  a  period  of  12*^  22*^.  The  maximum  velocity  is  approxi- 
mately 300  English  miles  (oOOkni).  The  corresponding  minimum 
value  of  the  radius  of  the  circle  would  be  about  50,000,000  miles. 
Perhaps  this  object  is  a  close  binar}*  resembling  /^  Aurigae  but 
with  components  having  unlike  spectra.  The  phenomena  may 
also  be  due  to  a  meteor  stream,  or  to  an  object  like  our  sun  re- 
volving in  12'^  22*'  and  having  a  large  protuberance  extending 
over  more  than  180'^  in  longitude.  The  occasional  doubling  of 
the  lines  would  tlien  be  due  to  both  ends  of  the  protuberance 
being  visible  at  the  same  time,  one  receding,  the  other  approach- 
ing. The  variation  in  light  may  be  caused  by  the  visibility  of  a 
larger  or  smaller  portion  of  this  protuberance. 

Harvard  College  Observatory. 
Cambridge,  Mass,,  June  29,  1891. 
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ST  MIS    HAVING    PECULIAR    SPECTRA.     NEW   VARIABLE    STAR    IN 
LACERTA,  DM  +  39°-485X.* 


M.  FLEMING. 


A  photograph  taken  at  this  Observatory  on  July  6,  1891, 
shows  that  the  hydrogen  lines  G  and  A  are  bright  in  the  spectrum 
of  a  third  type  star  DM.  +  39°.4851  Magn.  8.8,  whose  approxi- 
mate position  for  1900  is  in  RA.  22^'  24'".7,  Decl.  +  39''  48'.  As 
this  has  been  assumed  to  be  a  distinctive  feature  in  the  spectrum 
of  variables  of  long  period,  charts  of  the  region  containing  this 
star  were  examined  and  measured.  The  charts  were  taken  on 
Nov.  6,  1889,  August  6,  1890,  July  9,  and  July  13,  1891,  and  the 
approximate  magnitude  of  the  star  on  these  respective  dates  was 
<  12.9,  12.7,  9.5,  and  9.9.  The  estimated  magnitude  on  the 
spectrum  plate  from  which  the  star  was  discovered  is  9.7.  The 
variability  of  this  star  is  thus  confirmed.  —  The  variable  star  in 
H\'dra,  announced  in  the  Astr.  Nachr.,  Bd.  126,  p.  117,  was  in 
declination  — 27°  52'  and  is  W  Hydrae,  which  had  been  previously' 
announced  by  Mr.  E.  F.  Sawyer  in  the  Astronomical  Journal, 
Vol.  IX,  p.  94.  —  In  the  Astr.  Nachr.,  Bd.  127,  p.  5,  the  new  var- 
iable star  in  Aquarius  is  given  as  in  RA.  20^  41*". 3  and  should  be 
RA.  20»>  43".l  for  1900.  -  Several  photographs  have  been  ob- 
tained of  the  spectrum  of  DM.  — 10°.5057,  Magn.  7.0,  whose  ap- 
proximate position  for  1900  is  in  RA.  19^  17">.7,  Decl.  —10°  54'. 
The  star  was  supposed  to  be  of  the  fourth  type  and  was  an- 
nounced in  the  Astr.  Nachr.,  Bd.  126,  p.  163,  but  in  later  photo- 
graphs more  marked  peculiarities  are  seen.  The  lines  in  the  spec- 
trum are  not  those  due  to  hydrogen.  In  some  photographs  they 
are  broad  bands,  while  in  others  the  lines  appear  to  be  double. 
No  other  star  has  yet  been  found  here  whose  spectrum  resembles 
that  of  this  object.  As  the  stellar  magnitude  is  7.0  a  large  dis- 
persion cannot  be  used.  A  visual  examination  with  the  15-inch 
equatorial  telescope  failed  to  show  the  peculiarities  mentioned 
above.  —  The  nebula,  G.  C.  844,  whose  approximate  position  for 
1900  is  in  RA.  4»»17'".8,  Decl.  —55''  11',  is  well  shown  on  a  photo- 
graph taken  at  Mt.  Harvard,  Peru,  on  Sept.  8,  1890.  Two  well 
marked  spiral  rays  surround  the  stellar  nucleus,  the  preceding 
one  turning  through  about  240^,  the  following  one  through 
about  130°. 

Harvard  College  Observatory, 
Cambridge,  Mass.,  July  23,  1891. 

•  Communicated  by  Edward  C.  Pickering,  Director  of  Harvard  College  Ob- 
servatory, to  Astr.  Sacb.  3054. 


THE   MODERN   SPECTROSCOPE. 


Within  the  past  few  years  some  ven^  important  advances  have 
been  made  in  the  construction  of  spectroscopes.  In  few  cases, 
however,  have  the  details  of  instruments  been  minutely  described, 
and  the  merits  and  demerits  of  the  various  types  are  not  very 
generally  known.  For  this  reason  it  has  been  considered  desir- 
able to  publish  a  series  of  papers  on  **  The  Modem  Spectroscope,** 
in  which  the  most  important  instruments  now  in  tise  will  be  ex- 
amined in  detail.  The  concave  gating  is  descriljcd  by  Dr,  Ames 
in  the  first  paper  of  the  series.  Professor  Keeler  is  preparing  an 
article  on  the  Lick  Spectroscope  for  our  February-  number,  and 
others  of  equal  interest  will  follow. 

The  Concave  Grating  in  Theory  and  Practice  * 

By  Joseph   Sweetman   Ames,  Ph.  D.,  Associate  is.    Physics  in  the  Johns 
Hopkins  University,  Baltimore. 

The  following  paper  is  in  tlie  main  a  reprint  of  an  article  with 
the  same  title  in  the  Johns  Hopkins  Universiti'  Circulars,  No,  73» 
May,  1889^  which  after^vards  appeared  in  the  Philosophical 
Magadne,  MaA',  1889.  It  gives  the  general  theori,"  of  the  instru- 
ment and  its  adjustments,  and  a  full  description  of  the  apparatus 
in  use  in  Professor  Rowland's  laboratory'  at  the  Johns  Hopkins 
University. 

General  Theory. 

The  theory  of  a  concave  spherical  grating  gives  (See  Rowland, 
Phil,  Mag.^  vol.  XVI.  p.  1B7.  and  Amer.  Jour.  ScL,  vol.  XXVI, 
p.  91 )  as  the  radius  vector  of  the  focal  cur\'e,  referred  to  the  cen- 
ter of  the  grating  as  origin  (see  Fig,  1 ). 

Rr  cos2  fi 

J- ^  — _ ■  ^ — . 

if  (cos  /x  +  cos  y)  —  pcos^y 
/i  IS  the  angle  r  makes  with  /?  the  radius  of  curvature  of  the  gi*at- 
ing;  and  R  and  >  are  the  coordinates  of  the  source  of  light.  For 
any  given  value  of  R  and  >  there  is  a  curv e  defined  by  r  and  /i,  on 
which  the  various  spectra  are  brought  to  a  focus ;  and  there  is  a 
second  curvx  passing  through  R,  >,  such  that,  if  the  source  of 
light  he  placed  at  luay  prunt  of  it,  the  spectra  will  be  brought  to 
focus  along  the  curve  r,  m.  These  two  curves  are,  then,  conjugate, 
and  their  properties  have  been  discussed  by  Mr.  Baily  in  tlie  PhiL 
Mag,  for  1883. 

*  Communicated  by  the  author. 
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If  we  make  R  =  p  cos  v,  i.  e.,  place  the  slit  on  the  circle  whose 
diameter  is  the  radius  of  curvature  of  the  grating,  r  =  p  cos  fi. 
Hence  the  two  focal  curves  coincide.  This  case  is  shown  in  Fig.  II. 

As  is  w^ell  known  this  arrangement  is  mechanically  secured  by 
placing  the  slit  at  the  intersection  of  two  beams  set  at  right  an- 
gles, on  which  are  ways  to  carry  the  grating  and  eye-piece,  these 
two  being  kept  at  a  constant  distance  p  apart  by  an  iron  girdCr. 
Or,  the  grating  and  camera  box  may  be  kept  fixed,  and  the  slit 
moved  along  a  circular  track.  The  former  method  is  in  use  gene- 
rally. Thus :  in  Fig.  Ill  the  slit  is  at  -4,  the  grating  at  B,  and  the 
eye-piece  or  camera  at  C. 

The  reasons  for  putting  the  eye-piece  at  C,  where  ai  =  0,  are  eas- 
ily found.  Imagine  the  micrometer  screw  carrying  the  eye-piece, 
to  be  placed  at  J9,  Fig.  IV,  tangent  to  the  focal-circle.  Let  the  eye- 
piece be  displaced  along  the  tangent  by  an  amount  DI/  or**  a,'' 

a  =  -^sin2(jtx— ^) 
da  =  one  turn  of  micrometer 

=  />COS  2(.a  —  0)  d/i=^d 

But  by  theory  of  diflFraction  (see  Rayleigh,  Encyc,  Brit,,  Wave 
Theory  of  Light,  vol.  XXIV,  p.  437) 

X  =.  —  (sm  V  +  sm  p) 

where  »  is  grating  space  and  AT  the  order  of  spectrum 

J.        ^  ,  ^^  cos  /* 

.  * .  a/  =  -^7"  cos  p  dp  ^  XF 7n -^ 

N  Np  cos  2(p  —  0) 

Or,  if  a  photographic  plate,  bent  to  radius  p\^,  were  placed  at  J9, 

one  scale  division  J  along  plate 

=  p  dp 

w 

dX=^-:jrr  COS  P  dp 

N 

Now,  if  ^  =  0,  i.  e.,  if  the  micrometer  eye-piece  or  the  camera- 
box  be  placed  perpendicular  to  the  arm"BC,  we  have 

since /i  is  so  small  that  we  can  put  cos  /x  =  1.    Hence  the  spec- 
trum is  **  normal  **  at  C.    Further,  in  this  case, 

X  —  -- ^  sm  V 

N 

.  • .  since  AC  =  p  sin  v 

w    

pN 
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Thus,  if  one  absolute  wave-length  is  known,  and  if  the  instru- 
ment is  in  perfect  adjustment^  we  can  mark  on  the  beam  AC  a 
scale  of  wave  lengths  for  each  spectrum »  and  the  absolute  wave 
length  of  any  line  is  known  at  once.  It  is  important  to  notice 
that  this  scale  on  the  beam  is  identical  with  the  scale  on  the 
photographic  plate,  and  that  all  the  s}>ectra  are  in  focus  at  C  at 
the  same  time,  and  stay  in  focus  however  C  moves  along  AC,  it 

ing  rigidh^  fastened   to  B.    These  facts  alone  would   render  a 

>ncave  grating  preferable  to  a  plane  one;  but  it  has  many  other 
jjoints  of  superiority.  It  is  the  only  spectroscope  suitable  for  use 
in  both  the  ultra-violet  and  the  infra-red.  Much  longer  photo- 
graphic plates  can  be  used  than  with  any  other  instrument,  since 
they  can  easil}^  be  bent  so  as  to  be  entirely  in  focus,  Betwxen  the 
slit  and  the  camera-box»  no  lens  is  interposed.  Besides  saving  in 
light  and  cost,  there  are  no  corrections  necessary  for  spherical 
aberration,  imperfections  of  lenses,  right  and  left  handed  quartz, 
etc.  Further,  the  concave-grating  is  astigmatic^  i.  e.,  a  point  of 
light  as  the  source  is  brought  to  focus  not  in  a  point,  btit  in  a 
line.    The  advantages  of  this  fact  are : 

1st,  A  narrow  spark  at  the  slit  is  broadened  into  a  w4de  spec- 
trum. 

2d,  Greater  accuracy  in  comparing  metallic  and  solar  lines  is 
secured,  as  wnll  appear  later  when  the  use  of  the  instrument  is 
described. 

3d.  There  are  no  **  dust-lines,*'  for  they  are  brought  to  a  differ- 
ent focus. 

4th.  A  spectrum  is  obtained  which  is  broad  enough  to  stand 
enlarging. 

Theory  of  Errors  in  Adjustment. 
The  mounting  of  the  slit,  grating  and  camera-box  on  the  cir- 
cumference of  a  circle  of  radius  -^  passing  through  the  center  of 

the  grating,  is  the  ideal  one.    In  practice  it  is  impossible  to  at- 
tain it;  and  so  it  becomes  necessary  to  study  the  effect  of  any 
small  displacement  from  the  perfect  adjustment. 
I,  Let  p  be  slightly  less  than  the  fixed  arm  BC.    Fig,  V. 

BC  =  a 
BD  =  p 
We  wish  to  find  r  in  the  neighborhood  of  ;*  =  0 


But  we  keep  R  =  a  cos  v 


R  +  R  cos  V  —  p  cos2  V 
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a  +  a  cos  V  —  p  cos  v 

CD 

r  =  p 


1  +  ^(1  +  cos  v) 
If  ^  is  small 

r  =  />(l  —  ^cos  v) 
Let  the  camera-box  be  placed  in  focus  when  v  =  0 ;  its  distance 
from  the  grating  is  then  p(l  —  e)  .  • .  the  distance  it  is  out  of  focus 
for  any  position  v  is  j^  =  p{\  —  0  cos  >)  —  p{\  —  ^)  =  p^{\  —  cos  v) 
=  a^iX  —  cos  v) 
Put  AC  =  X  =  a  sin  v 


.  • .  J  =  a»?  —  'V  sfi—  x2 
This  is  the  equation  of  an  ellipse  having  center  *at  (0,  a»>)  and 
having  as  semi-axes  a  and  a*.    Fig.  VI. 
n.  Let  the  slit  be  slightly  displaced  from  A  along  AB,      Fig. 

vn. 

BD  =  R 
AD  =  b 
As  before 

r= (L^- 

R  +  R  cos  V  —  p  cos2  V 

But  p  cos  y  =  R  +  b 

__     _  A'2  i? 

•   •'""  pR  -Rb  —  b^ 

Let  —  ==  a,  a  small  quantity 

,'.r  =  p{l-\-a) 
for  all  values  of  i?  removed  from  0,  as  it  always  is  in  practice. 

Hence,  if  the  camera-box  is  once  put  in  focus,  it  stays  so, 
wherever  it  is  moved  along  AC. 

III.  Let  the  two  beams  -4-8  and  AC  make  an  angle  r.\^  —  ^  with 
each  other.    Fig.  VIII. 
As  before 

pR 

/-  zz 

R  -\-  R  cos  V  —  p  cos2  V 
And  p  cos(v  —  »5^)  =:  i?  cos  '^ 

.  • .  />  COS  V  =  R  —  p  sin  V  tan  d^ 

-' '  r  =  p    p  .    p — ^ 7 r        if  ^  is  small 

/>i?  +  Rp  Sin  V  tan  ^ 

=  />(1  —  sin  V  tan  i^) 
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If  camera-box  is  put  in  focus  when  v  =  0,  it  will  be  out  of  focus 

at  any  point  an  amount,  y  =  p{l  —  sin  v  tan  ^)  —  p  =  — p  sin  v 

tani?. 

^   .      -T7=\ sin  V 

But  X  =  AC  =  p z 

cos  »^ 

.' .  y  =  — -X  sin  »^  =  —a  tan  »? 

the  equation  of  a  right  line  making  an  angle  ^  with  axis  of  x. 

Fig.  IX. 

IV.  Let  the  grating  be  turned  on  its  axis  so  that  its  radius  of 

curvature  makes  a  constant  angle  a  with  the  arm  BC.    Fig.  X. 

BD  =  p 

BC  =  a 

Since  ti  is  kept  equal  to  a 

Rp  cos2  a 

f  -^z 

i?(C0S  (I   +  COS  v)   —  p  COs2  V 

But  a  cos(a  -^  v)  =R 

a  COS(a  +  v)  COS2  a 


""a  COS(a  +  v)    (cos  a  -|-  COS  v)  — p  COS^  v 

Put  a  =  /»(!  +  ^),  and  suppose  both  a  and  d  to  be  small.    Then 

r  =  ^(1  +  «  sin  y  —  d  cos  v) 
Let  the  camera-box  be  placed  in  focus  when  v  =  0 ;  the  distance 
it  is  out  of  focus  at  any  point  is  then 

y  =  ^(1  -\-  a  sin  V  —  d  COS  v)  —  p(\  —  d) 
=  p{a  sin  V  +  ^  —  d  COS  v) 

X  =  a  sin(a  -|-  v) 
.  • .  J  =  ax  +  a^  —  ^^a2  —  jj^2 
Since  a  and  d  are  both  small,  this  curve  is  thejsum  of  those 
found  in  Cases  I  and  III. 
Case  V.  Let  the  slit  be  displaced  along  AC,    See  Fig.  XI. 
We  have 

AD  =  b 
DC  =  x 
As  before 

r= P^ 

R  +  R  cos  V  —  p  C0S2  y 

But  R^  =  p^  -  x^  —  2bx 

kff^  —  x^  b 

and  cos  v  =z since —  is  small 

P  P 

bx 


bx 


•  ( 


III 
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By  the  principle  of  addition  of  small  displacements,  the  eflfect 
of  any  combination  of  these  £ve  displacements  can  be  found  by 
addition — one  can  be  used  to  counteract  another,  and  so  on. 
Thus,  displacement  IV  can  correct  a  combination  of  I  and  III. 
This  has  been  found  true  in  practice. 

Any  small  displacement,  provided  that  the  distance  from  the 
grating  to  the  camera  box  is  unaltered,  does  not  affect  the  con- 
stant of  the  instrument  (i.  e.  the  ratio  of  ^  to  dk)  for,  as  we  saw 
above,  that  depends  on  this  distance  alone. 

General  Description. 

Before  giving  the  adjustments  and  precautions  necessary  in 
mounting  a  concave  grating  properly,  I  will  briefly  describe  the 
various  parts  of  the  apparatus  as  used  in  Professor  Rowland's 
Laboratory. 

The  instrument  is  mounted  in  a  room,  the  walls  and  fixtures  of 
which  are  blackened,  and  whose  windows  are  of  "ruby''  glass 
and  provided  with  black  shades.  Opening  off  this  is  a  balcony 
for  the  heliostat.  The  beams,  carrying  the  instrument  are  placed 
about  eight  feet  from  the  floor,  and  a  platform  erected  at  one  end 
of  the  room,  thus  allowing  the  floor  space  to  be  used  for  other 
purposes,  if  necessary. 

AB  and  AC  (see  Figs.  XII,  XIII)  are  heavy  wooden  beams 
6  X  13  in.  and  23  feet  long.  AB  is  fastened  rigidly  to  the  wall, 
while  AC  has  a  slight  freedom  of  rotation  about  A,  controlled  by 
screws  at  C.  The  "ways "for  the  grating-holder  and  camera- 
box  are  fastened  to  these  beams  by  screws  which  admit  of  ad- 
justment, so  that  they  may  be  straightened  if  the  beams  warp. 
They  are  made  of  V2  inch  angle-iron,  although  a  board  made  of 
any  hard  wood  may  be  used.  GG'  is  a  4  in.  tubular  wrought- 
iron  girder,  braced  by  a  truss,  and  pivoted  at  its  ends,  directly 
over  the  "ways,"  on  two  iron  carriages.  Its  length  is  approxi- 
mately equal  to  the  radius  of  the  grating,  and  has  a  range  of 
adjustment  of  about  six  inches.  The  carriages  have  each  two 
brass  wheels  or  rollers  placed  nearly  a  foot  and  a  half  apart,  and 
these  resting  on  the  iron  ways  enable  the  girder  to  be  easily 
moved  from  one  position  to  another.  The  camera-box  G'  and 
grating-holder  G  are  themselves  moveable  along  EC  and  have 
freedom  to  revolve  around  axes,  but  can  be  finally  clamped  in 
place. 

The  camera-box  (see  Fig.  XIV)  consists  of  a  fixed  wooden 
frame  J5,  and  a  box  A  which  can  be  removed.  The  sensitive  plate 
is  placed  in  A  in  suitable  slots  and  is  pressed  firmly  by  means  of 
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wooden  buttons  against  pieces  of  hard  rubber  so  that  it  is  bent 
to  the  proper  radius.  There  is  in  B  a  frame  which  can  be  moved 
vertically  b,v  a  rack  and  pinion;  and  to  this  A  is  fastened  by 
dowel  pins  on  the  bottom  and  hooks  at  the  top.  On  the  back  of 
the  camera-box,  B,  is  hinged  a  board  **C/*  which  can  be  held 
firmly  in  place  b}'  hooks.  This  board  carries  a  brass  plate  (see 
Fig.  XV)  having  a  longitudinal  opening  of  a  wdth  equal  to  the 
thickness  of  the  plate  itself  and  capable  of  revolution  around  a 
horizontal  central  axis.  B\^  means  of  stops  this  revolution  is 
confined  to  90°.  This  plate  is  used  for  the  comparison  of  spec- 
tra, as  described  below. 

The  grating-holder  is  made  of  brass.  It  consists  (see  Fig, 
XVI)  of  a  heavy  platform  carrying  an  upright  frame,  B^  which 
can  move  in  slots  on  *4.  To  B  is  fastened  by  screws  at  the  sides, 
P,  a  square  piece  of  brass  D.  Z>is  moveable  around  the  axes,  P, 
b3"  means  of  a  screw,  S.  To  D  by  means  of  an  axis,  P,  at  the 
bottom  is  fastened  the  frame  C,  By  means  of  a  screw  at  ^ 
whose  nut  is  rigidly  connected  w^ith  D,  C  can  be  moved  around 
the  axis*  P.  Springs  take  up  the  slack  of  the  screws  when  un- 
screwed. 

The  gloating  itself  stands  on  two  projections  at  the  bottom  of 
C,  and  is  held  there,  free  from  all  constraint,  by  a  soft  wax.  By 
means  of  the  side  and  back  screws  the  grating  can,  then,  be 
turned  around  its  centre  in  its  own  plane,  or  tipped  back  and 
fonvard. 

The  slit,  placed  at  A^  is  of  somewhat  complicated  mechanism. 
See  Fig.  XYII.    It  has  the  following  adjustments : 

1st.  Width  of  slit  can  be  regulated  by  a  micrometer  screw. 
It  is  generall^^  not  open  more  than  0.001  in. 

2d.  The  slit  can  be  rotated  about  a  central  axis  so  as  to  make 
it  parallel  to  the  lines  of  the  grating.  This  adjustment  is  one  of 
the  last  to  be  made  in  mounting  the  grating,  and  is  done  by  turn- 
ing the  slit  until  the  definition  is  the  best  possible.  This  is  most 
important,  as  the  excellence  of  the  photographs  depends  largely 
upon  it.    The  definition  is  spoilt,  if  the  sHt  is  0°.5  out. 

3d.  Stops  can  be  inserted  at  top  and  bottom,  thus  causing  the 
grating  to  be  illuminated  by  the  center  of  the  solar  image  only. 
Othei'wise  the  definition  may  be  spoilt  by  the  rotation  of  the  sun. 
It  is  important^  therefore,  that  the  image  of  the  sun  on  the  slit 
be  quite  large.  With  the  larger  apparatus  in  use  in  the  Johns 
Hopkins  Universit}'  it  is  1.2  cm.  in  diameter^  and  this  is  reduced 
one-half  b)^  the  stops. 

For  solar  work,  a  heliostat,  having  a  south-exposure,  throws 
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the  light  on  the  slit  by  means  of  a  condensing  lens  and  a  totally 
reflecting  prism.  The  lens  is  held  in  a  brass  frame,  and  can  be 
adjusted  from  within  the  building.  Between  the  prism  and  the 
lens  is  a  revolring  stage  with  circular  openings,  across  which  ab- 
sorbing solutions  can  be  placed.  Both  this  stage  and  the  lever 
arm  carrying  the  reflecting  prism  are  controlled  by  strings  run- 
ning along  i4C;  so  that>  without  leaving  his  seat,  the  observer 
can  place  different  solutions  before  the  slit,  or  put  aside  the 
prism,  when  a  metallic  spectrum  is  to  be  photographed.  For 
this  last  purpose,  along  the  line  of  the  slit  and  grating,  is  a 
wooden  tube  with  condensing  lens,  which  focuses  on  the  slit  the 
image  of  the  arc-light  or  spark,  placed  in  a  separate  compart- 
ment. See  Fig.  XII.  All  lenses  and  prisms  must,  of  course,  be 
made  of  quartz. 

For  the  arc-light  a  Weston  dynamo  of  150  volts,  30  amperes 
power  is  used,  or  an  alternating  Siemens  of  700  volts  maximum. 
For  spark  spectra.  Professor  Rowland  has  constructed  an  induc- 
tion coil,  which  (with  from  3  to  12  gallon  jars)  gives  a  spark  of 
intense  brilliancy,  -when  driven  by  the  alternating  Siemens  dy- 
namo. Using  this  coil,  iron  wire  of  ^V  ^'  diameter  melts,  and  V6 
in.  wire  is  heated  red  hot. 

Gratings  with  10,000,  14,438,  and  20,000  lines  to  the  inch  are 
used.  For  ordinary  purposes  a  10,000  one  is  suflScient,  while 
for  photographing  in  the  ultra  violet  it  is  best  to  have  a  20,000 
grating,  with  a  ruled  space  of  5Vi  in.  on  a  6  in.  polished  surface. 
The  radius  of  curvature  is  generally  21.5  ft.  The  photographic 
plates  are  19  in.  long,  2  in.  wide,  and  ^  in.  thick.  This  thick- 
ness allows  the  plates  to  be  bent  to  the  required  radius  without 
breaking.  They  are  flowed  with  an  ammonia  emulsion  by  Pro- 
fessor Rowland  himself,  and  register  from  15-20  on  Wamerke's 
sensitometer.  Quick  plates  give  too  coarse  an  effect  for  enlarge- 
ment. For  short  focus  gratings,  such  as  are  used  for  gaseous 
spectra  and  direct  stellar  spectra,  microscope-slide  glass  is  neces- 
sary. 

The  micrometer  eye-piece  used  is  more  like  a  dividing  engine 
than  an  ordinary  micrometer.  It  has  a  run  of  5  inches,  and  the 
screw  is  to  all  purposes  perfect,  having  been  made  according  to 
the  directions  given  by  Professor  Rowland  in  his  article  on  the 
Screw  in  the  Encyc,  Brit.,  Vol.  XXI,  p.  552. 

Hoods  of  black  cloth  to  keep  out  stray  light  are  necessary  at 
the  slit,  and  at  the  camera-box  where  one  should  extend  half 
wav  to  the  grating,  as  even  the  darkest  room  has  some  light  in 
it.  ' 
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Adjustments. 

The  adjustment  of  these  various  parts  of  the  apparatus  is 
cotnparativelv  simple.  The  two  beams  carr^dng  the  grating  and 
camera-box  are  made  as  level  as  possible  and  placed  at  right  an- 
gles by  the  *'3,  4,  5*'  rule.  The  two  axes  at  the  ends  of  the 
girder  must  be  made  parallel,  while  the  girder  is  under  stress. 
To  do  this  the  girder  is  supported  at  its  ends  on  two  ** horses;" 
and  the  axes  are  adjusted  by  the  control-screws  until  the  two  are 
vertical.    This  is  the  most  difficult  adjustment. 

The  camera-box,  grating-holder,  and  slit  are  put  in  place  at  the 
proper  height.  Most  gratings  give  a  brighter  six*ctruni  on  one 
side  than  on  the  other;  and  so»  before  placing  the  gi-ating  on  its 
holder,  it  must  he  examined  to  see  which  side  should  be  used. 
The  grating  is  then  placed  in  position,  free  from  constraint;  and 
a  candle  is  held  at  the  center  of  the  camera-box,  directly  over  the 
axis  of  the  carricige.  The  grating  is  turned  and  the  girder  length- 
ened until  the  flame  [and  its  image  coincide.  B>'  this,  the  gratin; 
is  placed  perpendicular  to  the  girder,  and  the  girder  itself  is  given 
the  correct  length.  The  camera  box  is  then  made  vertical  by  a 
phmib-Hne.  To  adjust  it  perpendicular  to  the  girder,  a  piece  of 
plate  glass  is  fastened  to  its  face,  and  a  candle  is  held  on  the  girder 
near  the  grating.  The  camera-box  is  then  revolved  until  the 
flame  and  image  come  in  line.  The  reflecting  prism  is  now  put  in 
place  so  as  to  illuminate  the  entire  grating,  and  the  slit  opened. 
The  spectrum  formed  at  the  camera-box  is  observed  bv-  the  eye,  or 
thrown  on  a  piece  of  pa[>er ;  and  the  back-screw  of  the  grating- 
holder  is  turned  until  it  falls  at  the  right  height.  The  camera-box 
is  moved  to  the  right  or  left,  and  in  general  the  spectrum  rises  or 
falls.  This  is  corrected  by  the  side-screw  of  the  grating  holder. 
These  two  adjustments  are  repeated  many  times  tmtil  the  spec- 
trum stays  in  place  however  the  camera-box  is  moved.  Then  the 
slit  is  narrowed,  and  revolved  until  the  best  definition  is  secured. 
The  instrument  now  should  be  in  perfect  adjustment,  and,  to  test 
this,  an  exposed  photographic  plate,  ofl^  which  the  emulsion  has 
^has  been  partially  scraped,  giving  it  a  lattice- work  appearance, 
is  put  in  the  camera-box,  emulsion  side  toward  the  grating.  The 
spectrum  formed  on  the  plate  and  the  emulsion  itself  ought  now 
to  be  in  iocus  at  the  same  time  in  all  orders  of  spectra ;  that  is,  ii 
the  plate  is  observed  with  an  eye-piece,  there  should  be  no  par 
allax  between  the  two.  In  general  further  adjustment  is  found 
necessary.  It  was  to  this  end  that  the  theory  of  errors,  as  above, 
was  deduced.    Let  the  camera-box  be  placed  in  focus  when  it  is 
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near  the  sKt :  and  then,  as  it  is  moved  away  from  it,  suppose  the 
parallax  increases  proportionally  to  the  distance  along  the  way. 
This  would  lead  one  to  think  that  the  two  beams  were  not  exact- 
ly at  right  angles.  Similarly  for  the  other  displacements.  It  is 
found  in  practice  that  it  does  most  good  to  turn  the  grating- 
holder  slightly  around  its  vertical  axis. 

If,  in  setting  up  the  instrument,  a  micrometer  eye-piece  is  used 
instead  of  a  camera,  practically  the  same  adjustments  are  found 
necessary. 

Use  of  Instrument. 
Gratings  in  Practice. 

Special  gratings  should  be  selected  for  special  purposes.  Every 
grating  has  spectra  of  different  brightness  on  the  two  sides ;  and 
one  should  be  used  which  is  bright  in  the  particular  spectra  de- 
sired. But  more  than  this,  even  if  the  red  of  any  one  spectrum  is 
bright,  the  violet  may  not  be.  This  fact  must  be  especially  noted 
in  -working  beyond  the  visible  spectrum.  Further,  the  various 
parts  of  the  grating,  especially  if  it  is  concave,  may  give  spectra 
of  varying  brightness.  For  instance,  the  second  spectrum  may 
be  tixiiformly  bright  for  all  parts  of  the  grating,  while  one  end  of 
the  grating  may  give  a  bright  third  spectrum  and  the  other  end  a 
£sdnt  one.  This  fact  may  be  brought  out  by  viewing  the  grating 
directly  with  the  eye.  It  is  only  when  extreme  accuracy  is  wished 
and  the  overlapping  spectra  of  different  orders  are  to  be  used  that 
this  imperfection  must  be  guarded  against.  Since  a  10,000  grat- 
ing has  on  the  whole  better  definition  than  a  20,000  one,  and  as 
it  is  much  cheaper,  it  is  better  to  use  one  in  all  cases  when  pos- 
sible. For  use  with  the  micrometer  eye-piece,  when,  of  course, 
ultra-violet  spectra  do  not  interfere,  one  can  alwa\'s  be  used. 

It  is  only  when  work  is  to  be  done  with  the  camera  in  the  ultra- 
violet part  of  the  spectrum  that  it  becomes  necessary'  to  use  a 
20,000  grating.  This  is  due  to  the  fact  that  for  the  same  disper- 
sion wnth  a  20,000  grating  as  for  a  10,000,  there  are  fewer  over- 
lapping spectra.  The  range  of  concave  gratings  mounted  as 
above  are  as  follows : 


Lines 

Ist 

2d 

3d 

4th 

5th 

f)cr  inch 

Spectrum 

Spectrum 

Spectrum 

Spectrum 

Spectrum 

10,000 

Entire 

Entire 

Entire 

To  6,000 

To  4.800 

14,438 

Entire 

Entire 

To  5.760 

To  4.330 

To  3.460 

20.000 

Entire 

To  6,000 

To  4,000 

To  3,000 

To  2,400 

These  limits  are  taken  at  the  center  of  the  photographic  plate. 
At  the  end  of  the  plate  the  limit  is  somewhat  greater,  being  6,260 
in  the  second  spectrum  for  a  20,000  grating. 


With  a  grating  of  21.5  feet  radius  the  width  of  the  spectrum 
varies  from  V4  in.  to  4  in,  In  the  green  of  the  1st  spectrum  of  a 
20,000  grating  it  is  %  in,,  and  in  the  green  of  the  2d  it  is  2%  in. 
This  gives  an  idea  of  the  width  of  the  photographic  plate  which 
is  required. 

The  scale  of  the  negatives  in  the  various  spectra,  with  gratings" 
of  21,5  feet  radius,  is  as  follows ; 

Scale  of  Spectra  as  compared  with  AtjgstK»nJ*s  mnp. 
Lines  per  inch.  1st.  2d.  3d,  4ih. 

10,000  ,26  ,51  .77  1,(»3 

14»438  ,37  .75  \A2  1.50 

20,000  .52  1.03  1.55  2Jr 

J.  e.,  using  a  20,000  grating  in  the  third  spectrum,  the  scale  is 
1,55.  This  means  that  1.55'"*" on  the  photogreiphic  plate  includes 
1  Angstrom  imit.  For  gratings  of  10  ft.  radius^  the  scale  is  dim- 
inished in  the  ratio  of  100  :  215,  or  20  :  43. 

Since  with  a  concave  grating  all  the  spectra  are  in  focus  at  the 
same  time,  it  is  important  to  know  what  wave-lengths  of  the  dif- 
ferent spectra  are  on  the  photographic  plate  or  in  the  field  of  the 
eye-piece  for  anv  position  they  may  be  in.  For  this  purpose  I 
have  given  a  diagram  of  the  overlapping  spectra  on  the  plate. 
This  explains  itself:  Wave-length  6,000  in  the  2d  spectrum  coin- 
cides with  wave-length  4,000  in  the  3d  specti*um,  with  wave- 
length 3,000  in  the  4th  spectrum,  and  so  on.  The  vertical  lines 
give  the  range  of  the  different  gratings  as  explained  above. 

If  it  is  desirable  to  cut  off  any  interfering  spectnmi,  glass  plates 
or  absorbing  solutions  may  be  used.  A  list  of  the  principal  ab- 
sorbents^ and  the  parts  of  the  spectrum  which  they  let  through, 
is  given  below. 

Greenish  plate  glass. ..3,300-8.000 

SaJicylic  acid  in  hJcoIioK  sattirated,  in  quartz  cell .3.500-8,000 

Aessculiii.  1  gr.  in  I  oz.  water,  with  one  drop  of  Ammonifl— fresh,  4,100*8,000 

PutASsiitm  lerrocyauitlc .4,400-8,000 

Priraroseor  Anilidt  Vcllow ..5.nnO-><,000 

Fluorescine  or  Chlorine  of  Gold ....„.•. „.. 5,200-^. 000 

Chrome  Alum,  \ „ ...3,200-3,700 

Malachite  Green,  I „.....,,... ,.„  j 

Bitter  almond  Green,   f ^"" 

BrillivjuL  Grctn,  '.........,..,... 4.600-5.200 

Citbalt  Chlnritic 3,400-4. .500 

Gentian  Violtt.  i^trong 3,600-4,600  and  6,000-8.000 

Potassium  |jernianganate ...3,900— 1,600  and  5,801>-ii,OOO 

For  example,  using  a  10^000  grating  and  photographing  in  the 

4tb  speetrum,  the  following  absorbing  solutions  are  used  at  the 

places  specified : 

At  3,800    Cobalt  Chloride  in  water. 

4,000    Cobalt  Chloride  or  Gentian  violet  in  water  in  glass  cell. 
4,200    Putassium  permanganate  or  Gentian  violet  in  water. 
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4,400  Aesculin  and  Potassium  permanganate. 

4,600  Aesculin. 

4,800  Aesculin  and  Malachite  Green  in  water. 

5.000  Aesculin  and  Potassium  ferrocyanide. 

5,200  Aesculin  and  Potassium  ferrocyanide. 

5,400  Aesculin  and  Primrose. 

Before  using  a  solution  an  observer  should  always  see,  by  a  pre- 
Iiminar>'  experiment,  what  its  effect  is. 

Methods  of  Work. 

A  spectroscope  is  used  for  two  purposes,  to  measure  the  lines  in 
solar  or  metallic  spectra,  or  to  establish  coincidences  simply.  For 
both  of  these  the  concave  grating  is  far  superior  to  anj^  other  on 
account  of  the  overlapping  spectra. 

The  micrometer  eye-piece,  of  course,  can  be  used  onlj'  in  the  visi- 
ble sp>ectrum,  while  the  methods  of  photography  give  us  this  and 
the  invisible  too.  Rowland's  micrometer  eye-piece,  as  noted 
above,  has  a  run  of  five  inches,  and  so  it  can  include  a  great  num- 
ber of  lines.  When  a  metallic  spectrum  is  to  be  measured,  the  so- 
lar spectrum  is  turned  on ;  a  series  of  measurements  is  taken ;  then 
the  solar  spectrum  is  replaced  by  the  metallic ;  another  series  is 
taken ;  and  finally  the  series  of  solar  lines  is  observed  again.  All 
this  is  done  wnthout  the  observer  leaving  the  eye-piece.  The 
solar  lines  are  found  on  Rowland's  map,  and  then  the  wave- 
lengths of  the  metallic  ones  are  deduced  by  interpolation.  This 
same  method  of  interpolation  will  also  give  the  relative  wave 
lengths  of  the  solar  lines  using  the  over-lapping  spectra.  The 
probable  error  of  a  wave  length  determined  this  way  is  ±0.01 
Angstrom  unit. 

Now  that  we  have  Rowland's  map  and  his  list  of  solar  lines, 
the  photographic  process  for  the  measurement  of  metallic  spec- 
tra is  generally  used  as  far  as  the  erythrosin  plates  extend  or  to 
the  D  line,  although  those  expert  in  the  use  of  cyanine  plates 
maA'  photograph  below  C  or  even  .1,  as  Mr.  Burbank  has  shown 
in  the  Phil.  Mag.  for  Oct.,  1888. 

Owing  to  the  astigmatism  of  the  grating,  it  is  not  possible  to 
adopt  the  usual  method  of  illuminating  part  of  the  slit  with  the 
solar  image,  and  part  with  the  spark  or  arc ;  and  so  a  different 
and  far  better  plan  is  adopted.  A  compound  photograph  of  the 
two  spectra  is  taken  in  the  following  manner:  The  brass  plate 
on  the  back  of  the  camera-box  (see  Fig.  XIY)  is  placed  vertical, 
the  solar  s|>ectrum  is  photographed  along  the  middle  of  the 
sensitive  plate,  the  sun-light  is  turned  off,  the  brass  plate  is  re- 
volved through  90°,  and  the  metallic  spectrum  is  allowed  to  fall 
along  the  upper  and   lower   parts  of  the  photographic  plate. 


Then  finalW  the  sttn-light  is  turned  on  again  along  the  middle  of 
the  plate.  If  there  has  been  any  gradual  displacement  of  the 
camera  during  the  operation,  the  error  is  eliminated  by  this  pro- 
cess, if  the  two  times  of  exposure  to  the  solar  spectrum  are  the 
sfime. 

It  is  important  to  notice  that  record  must  in  all  cases  be 
kept  of  thermometer  and  barometer  readings ;  for  the  corrections 
due  to  variations  in  temperature  and  pressure  may  be  consider- 
able. 

Since  no  absorbing  solution  is  known  which  lets  through  the 
ultra-violet  rays  alone,  the  following  method  has  to  be  used  to 
determine  what  lines  on  any  negative  are  ultra-violet  ones,  A 
compound  negative,  as  just  described,  is  taken,  having  all  the 
overlapping  spectra  at  the  point  in  question  along  the  middle  of 
the  plate  and  the  visible  lines  alone,  obtained  b^*^  inserting  ab- 
sorbents, along  the  top  and  bottom.  Those  lines  present  in  the 
first  and  not  in  the  second  are  then  ultra-violet  ones. 

For  arc  or  solar  light,  five  minutes  exposure  is  the  average  time 
required  for  the  most  sensitive  part,  in  the  third  spectrum  on 
plates  registering  18  on  Wamerke's  sensitometer.  Ten  minutes 
are  required  above  the  D  lines  in  the  second  spectrum  using 
erythrosin  plates.  One  hour  is  needed  for  cyanine  plates,  photo- 
graphing down  to  the  Cline,  As  a  practical  example,  the  entire 
iron  and  solar  spectra  were  photographed  in  the  second  and 
third  spectra  from  the  D  lines  down  to  the  extreme  ultra-violet  in 
nine  hours.  This  includes  time  spent  in  developing.  Thirty 
plates,  each  19  inches  long,  were  exposed,  giving,  of  course, 
many  duplicates.  Only  10  plates  are  necessary  in  the  2d  spec- 
trum of  a  20^000  grating  for  the  whole  spectrum  from  the  D  line 
to  the  extreme  ultra-violet,  wave  length  2,090.  In  one  case 
Livdng  and  Dewar  used  170  plates  for  the  ultra-violet  spectrum 
alone. 

With  the  powerful  induction  coil,  worked  by  a  Siemens  alter- 
nating dynamo,  with  six  gallon  Lcyden  jars,  10  minutes  is 
enough  in  the  most  sensitive  part  and  30  in  the  extreme  ultra- 
violet, wave  length  2,200. 

A  compound  negative  taken  in  the  above  manner  is  placed  on 
a  dividing  engine;  the  pitch  of  the  screw  being  one  w.  1.  on  the 
-negatives  and  measurements  are  made  on  the  lines  of  the  two 
spectra^  using  a  low  power  microscope  with  a  single  stretched 
cross-hair.  Since  the  solar  spectrum  continues  down  to  3,200, 
the  same  orders  of  the  two  spectra  can  be  compared  thus  far. 
Beyond  this  it  is  necessar}'  to  use  different  orders.    For  instance, 
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wave  length  2,800  in  the  3d  spectrum  can  be  compared  with 
solar  Hnes  about  wave  length  4,200  in  the  2d.  This  same 
method  is  used  to  determine  the  relative  wave  lengths  of  the 
solar  spectrum. 

To  enlarge  photographs  with  a  scale  of  wave-lengths,  like 
Rowland's  map  of  the  spectrum,  one  must  proceed  as  follows : 

To  make  the  scale,  a  thick  plate  of  glass,  slightly  longer  than 
the  negative,  is  albuminized  and  treated  with  coUodio-chloride. 
It  is  then  put  in  any  developer  until  it  turns  black.  A  longi- 
tudinal strip  of  the  width  of  the  negative  is  scraped  off;  and  on 
the  edge  of  this  strip  the  scale  is  ruled  with  a  dividing  engine. 
The  negative  is  clamped  in  place  to  this  scale,  and  together  they 
are  put  in  the  enlarging  camera.  The  accuracy  with  which  the 
scale  can  be  made,  and  the  negative  fitted  to  it  is  most  satis- 
factory. On  Professor  Rowland's  new  map  the  greatest  error  is 
.03  of  an  Angstrom  unit;  and  the  probable  error  is  less  than  .02 
of  a  unit.  If  the  scale  is,  say,  .0001  too  large  or  too  small,  the 
photographs  can  be  made  to  fit  the  scale  by  altering  the  dis- 
tance between  the  grating  and  camera-box  by  .0001  of  its 
amount,  and  then  focusing  by  moving  the  slit  in  or  out. 

When  this  scale  is  once  majde,  it  can  be  used  to  give  direct  read- 
ings for  the  wave-lengths  of  the  lines  on  any  negative,  simply  by 
placing  the  negative  on  the  scale. 

A  word  should  be  said  as  to  the  difficulties  of  ruling  gratings 
which  may  explain  why  so  many  orders  for  gratings  remain  un- 
filled. It  takes  months  to  make  a  perfect  screw  for  the  ruling 
engine,  but  a  year  may  easily  be  spent  in  search  of  a  suitable 
diamond  point.  The  patience  and  skill  requireTi  can  be  imagined. 
Most  points  make  more  than  one  ** furrow''  at  a  time,  thus 
giving  a  great  deal  of  diffused  light.  Moreover,  few  diamond 
points  rule  with  equal  ease  and  accuracy  up  hill  and  down.  This 
defect  of  unequal  ruling  is  especially  noticeable  in  small  gratings, 
which  should  not  be  used  for  accurate  work.  Again,  a  grating 
never  gives  s^-mmetrical  spectra ;  and  often  one  or  two  particular 
spectra  take  all  the  light.  This  is  of  course  desirable,  if  these 
bright  spectra  are  the  ones  which  are  to  be  used.  Generally  it  is 
not  so.  It  is  not  easy  to  tell  when  a  good  ruling  point  is  found ; 
for  a  •* scratchy"  grating  is  often  a  good  one;  and  a  bright 
ruling  point  always  gives  a  **  scratchy  "  grating.  When  all  goes 
well,  it  takes  five  days  and  nights  to  rule  a  6  in.  grating  having 
20,000  lines  to  the  inch.  Comparatively  no  difficult^'  is  found  in 
ruling  14,000  lines  to  the  inch.  It  is  much  harder  to  rule  a  glass 
grating  than  a  metallic  one ;  for  to  all  of  the  above  difficulties  is 


added  the  one  of  the  diamond  point  continiiaHy  breaking  dowTi. 
For  this  reason,  Professor  Rowland  has  ruled  only  three  glass 
gratings.  One  of  them  has  been  lost,  and  the  other  two  are 
kept  in  his  ovi^ti  laboratory-  These  two  were  used  by  Dr.  Bell 
in  his  determination  of  the  absolute  wave-lengfth  of  the  D  lines. 


ON    THE    PHOTOGRAPHIC    METHOD    OF    DETERMINING    STELLAR 

PLACES  BY  TRANSITS  FREED  FROM  THE  ERROR  OF 

PERSONAL  EQUATION.* 

PROFESSOR  PRAKK  H.  BIGHLOW. 


Some  accoimts  of  the  preliminar3-  experiments  looking  to  the 
elimtnation  of  the  error  of  personal  equation  from  star  transits 
by  employing  a  photographic  registration  of  the  passage  of  the 
star  over  the  reticle  of  the  transit  instrument,  have  already  been 
pulilished  by  those  who  have  been  engaged  upon  the  work.  Pro- 
fessor Pickering  in  the  Memoirs  of  the  American  Academy,  Vol. 
XL*i  p.  218,  describes  his  bi-eaking  up  a  smooth  star  trail  by 
alternating  motions  imposed  upon  a  bit  of  photograph  plate, 
and  shows  that  by  means  of  an  auxiliarA'  micrometer  the  instants 
of  time  can  be  determined  in  general  to  about  0.03  of  a  second. 
Mr.  Willard  P.  Gerrish  has  described  a  commutator  in  The  Side- 
real Messenger  of  October,  1889,  by  which  the  standard  clock 
of  an  Observatory  is  enabled  to  give  the  required  alternating  mo- 
tion to  this  plate,  the  duration  of  exposure  in  any  position  being 
regidated  automatically.  The  Rev.  Fr,  Fargis,  assistant  in  the 
Georgetown  Observatorvthas  published  in  a  paper  on  the  subject, 
entitled  **The  Photochronograph  and  its  Application  to  Star 
Transits/'  a  description  of  the  form  of  instrument  devised  and 
adopted  by  him  in  detennining  the  places  in  right  ascension  of  a 
zone  of  the  bright  stars.  My  own  contribution  to  this  subject 
consisted  in  a  series  of  experiments  at  the  Harvard  College  Ob- 
servatory in  the  summer  of  1889»  by  which  the  star  was  success- 
fully referred  to  the  collimation  axis  of  the  telescope,  using  pho- 
tography alone,  the  first  complete  transit  being  thus  obtained. 
Since  that  time  I  have  been  interested  in  reducing  the  method  to 
a  practical  form,  and  upon  introducing  the  subject  to  Mr.  G. 
Saegmuller  of  Washington,  and  Rev.  Fr,  Hagcn,  Director  of  the 
Georgetown  College  Obsei^'atory,  was  encouraged  by  substantial 
cooperation  on  their  part  in  the  construction  and  use  of  the  pre- 
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liminary  forms  of  apparatus.  Without  going  fiirther  into  any 
detailed  description  of  the  apparatus  than  can  be  found  in  the 
papers  above  mentioned,  it  is  my  purpose  to  give  a  summary  of 
the  present  status  of  the  process  as  an  art,  and  to  discuss  briefly 
the  main  points  that  seem  to  have  been  brought  out  conspicuous- 
ly in  the  course  of  experiments. 

There  are  two  different  modes  of  making  the  record  of  the  star 
transit  as  referred  to  the  instants  of  time  indicated  by  the  clock, 
and  one  method  of  inscribing  the  transit  upon  the  reticule  of  the 
telescope.  In  order  to  clear  the  ground  for  the  discussion  in- 
volved in  a  comparison  of  the  two  ways  of  operating  the  plate, 
it  may  be  said  that  the  reference  of  the  recorded  instants  of  time 
to  the  collimation  axis  of  the  telescope  is  accomplished  by  illum- 
inating the  field  of  the  telescope  for  two  or  three  seconds,  by 
means  of  a  bright  light  held  in  front  of  the  object  glass.  The  ac- 
tion of  this  light  is  to  fog  down  the  whole  exposed  area  of  the 
plate  very  uniformly,  with  the  exception  of  the  spaces  lying 
behind  the  reticle  threads,  which  appear  upon  development  to 
have  definite  edges,  suitable  for  the  setting  of  a  micrometer 
thread.  These  boundary  lines,  being  shadows  cast  by  rectilinear 
rays  of  light,  arc  much  sharper  than  the  trails  produced  by  the 
moving  image  of  the  star.  For  simplicity  and  accuracy  nothing 
can  be  desired  in  this  regard,  and  my  plates  produced  in  Cam- 
bridge by  this  process  are  excellent.  At  first  it  was  supposed 
that  rather  thick  threads  would  be  needed  to  cast  this  shadow, 
but  I  soon  found  by  trial,  as  was  done  in  exposing  some  plates 
on  the  large  meridian  circle  of  the  Observatory  and  also  on  the 
small  Russian  Transit,  that  the  ordinary  glass  ruled  reticles  were 
suitable,  thus  disposing  of  the  necessity  of  making  special  reticles 
and  also  of  the  danger  of  breaking  the  threads,  as  is  likely  to 
happen  during  operations  in  the  dark.  The  photographic  plate 
is,  of  course,  to  be  placed  as  near  the  plane  of  the  reticle  as  is  con- 
venient, but  experiment  showed  that  a  considerable  range  is  per- 
missible without  introducing  any  blurring  of  the  edges,  which 
would  be  caused  by  the  light  coming  from  the  sides  of  the  object- 
glass  if  the  plate  was  located  at  any  great  distance  from  the 
apex  of  the  cone  of  rays. 

The  two  methods  already  introduced  for  connecting  the  transit 
with  the  clock  are  as  follows:  1,  the  alternating  motion  of  the 
plate,  perpendicularly  to  the  trail  of  the  star,  through  a  small 
distance  approximately  that  of  the  width  of  the  trail  itself,  the 
eflect  being  to  cause  a  double  row  of  dots  to  be  seen  upon  the  de- 
veloped plate;  and  2,  the  alternate  exposure  and  occultation  of 


the  star  trail  by  means  of  a  bar  moved  in  obedience  to  the  clock, 
the  result  being  a  series  of  dots  along  a  single  star  trail.  The 
former  method  was  devised  by  Professor  E,  C.  Pickering,  and  the 
latter  was  adapted  by  Fn  Fargis»  having  been  used  for  similar 
purposes  during  many  years  in  Kevv  Magnetographs,  and  in 
other  instruments  for  physical  measurements. 

The  occulting  bar  method  is  fully  described  and  illustrated  in 
the  Monograph  of  the  Georgetown  Observatory  already  referred 
to,  but  in  order  to  bring  into  comparison  with  it  the  action  of 
the  alternating  plate,  I  take  the  liberty  of  introducing  an  illustra- 
tion with  a  short  description  of  the  way  in  which  it  was  made. 
Each  of  these  methods  has  such  obvious  advantages  that  it 
seems  good  to  present  them  together  in  order  that  other  workers 
in  this  field  may  have  the  benefit  of  our  experience. 

The  illustration  is  an  enlargement  from  a  plate  on  which  the 
diameter  of  the  field  of  view  is  about  50m.ni.  The  original  plate 
w*as  exposed  in  the  small  equatorial  telescope,  with  uncorrected 
or  \Hsual  lens,  of  apeiirure  6V4  inches  and  focal  length  83%  inches. 

As  the  work  was  experimental  all  the  arrangements  were  of  the 
simplest  kind,  and  this  accounts  for  the  crudities  seen  on  the 
plate.  The  reticle  w  as  of  silk  thread  drawn  through  holes  in  a 
small  ring,  w*hich  was  secured  to  the  end  of  the  tail-piece  by  a  bed 
of  wax.  The  plate  rested  in  a  small  paper  holder,  of  utility 
chiefly  in  passing  from  the  dome  to  the  laboratory,  and  this  was 
moved  on  a  frame  between  two  sets  of  abutting  screw^s,  through 
the  narrow  range  exhibited  in  the  photngraph.  The  motion  was 
communicated  to  the  plate  by  the  observer  making  and  breaking 
the  circuit  in  the  current  passing  through  the  magnet  which  con- 
trolled the  annature  and  frame,  counting  the  beats  of  a  chrono- 
meter, the  armature  being  rigidly  joined  to  the  frame.  There  are 
endless  mechanical  combinations  for  this  purpose,  the  only 
requisite  in  them  all  being  that  the  plate  move  parallel  to  itself 
through  the  distance  occupied  b_v  the  breadth  of  the  trail,  and 
that  it  have  no  motion  sidewisc,  a  combination  easy  to  secure  by 
fine  pivots  or  by  a  thin  flexible  spring.  It  should  be  stated  here 
w^ith  emphasis  that  the  only  prime  necessity  is  that  this  operation 
be  constant  in  its  action^  inasmuch  as  the  corresponding  inter- 
val of  time  goes  into  the  determination  of  the  clock  error  and 
then  comes  out  again  upon  applying  the  correction.  In  short,  the 
main  advantage  of  this  system  is  to  reduce  the  transit  to  certain 
constant  mechanical  errors,  instead  of  to  the  fluctuating  errors 
involved  in  the  personal  equation. 

The  star  shown  is  «  Aquite,  Altair,  1.2  mag.,  selected  for  its 
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advantage  in  reproduction  for  The  Journal.  There  are  several 
trails  set  at  different  altitudes:  1,  an  unbroken  trail;  2,  a  trail 
alternating  every  second  for  an  interval  of  two  minutes ;  3,  a 
broken  trail  showing  ten  second  intervals  unbroken,  or  broken 
into  seconds ;  and  4,' a  broken  trail  showing  ten  and  twenty  sec- 
ond intervals. 

I  will  state  at  this  place  that  from  my  knowledge  of  the  ability 
of  this  work  to  record  a  star  transit  relatively  to  any  chosen 
thread  in  the  telescope,  that  the  error  need  not  exceed  one  ban- 
dredtb  of  a  second  of  time,  so  far  as  the  transit  is  concerned,  and 
that  it  is  wholly  free  from  personal  equation.  Of  course  the  final 
resulting  place  of  the  star  as  reduced  to  any  epoch,  will  contain 
the  errors  arising  from  the  performance  of  the  clock  and  from  the 
determination  of  the  level,  azimuth  and  collimation  of  the  instru- 
ment. We  are  not  now  concerned  with  the  variations  arising 
from  these  sources,  but  we  are  aiming  to  show  that  the  position  of 
the  star  relatively  to  the  reticle  can  be  accurately  determined.  A 
mere  inspection  of  the  situation  suggests  that  the  position  of  the 
star  in  declination  admits  of  an  equal  degree  of  precision  in  dis- 
cussion. When  the  fluctuating  motion  of  the  star  is  considered, 
caused  by  the  movements  of  the  atmosphere,  whereby  it  is  literal- 
ly tossed  about,  also  the  fact  that  in  any  transit  observed  in  the 
usual  manner  the  setting  is  made  upon  some  momentary  position, 
the  advantage  of  such  a  permanent  record  across  the  whole  field 
must  add  greatly  to  our  resources  in  dealing  with  the  subject. 

In  the  original  plate  the  motion  was  controlled  by  the  observ- 
er's hand,  but  a  commutator  can  be  constructed  with  several 
combinations  of  second  intervals  that  will  operate  automatically 
from  the  standard  clock.  Mr.  Gerrish  has  such  an  one  at  the 
Harvard  College  Observatory  which  works  excellently.  In  prin- 
ciple it  consists  of  a  finger  resting  on  the  surface  of  a  copper  disc 
or  set  of  discs,  which  jump  forward  one  notch  by  the  clock  each 
second,  the  disc  having  insulated  spaces  of  greater  or  less  length, 
so  that  the  finger  makes  or  breaks  the  circuit  for  the  interval 
that  it  rests  upon  a  copper  or  a  rubber  space  respectively.  The 
action  is  steady  and  follows  the  clock  with  precision.  It  will  be 
seen  that  the  use  of  such  an  arrangement  is  necessary,  because 
otherwise  the  work  will  be  confined  to  an  equatorial  belt,  if  the 
•  intervals  are  limited  to  the  second  breaks  of  the  standard  clock. 

The  advantages  possessed  by  the  use  of  the  alternating  plate 
can  be  summarized  as  follows :  1.  It  secures  the  full  value  of  the 
star  trail  as  an  actinic  effect,  its  brightness  not  being  obscured 
during  the  transit.     Inasmuch  as  the  photographic  process  is 


ineflectual  below  the  stars  of  4°  magnitude  near  the  equator,  in 
small  telescopes,  this  is  important.  If  stars  are  taken  nearer  the 
poles  by  means  of  the  commutator,  the  fainter  stars  may  be 
called  into  nsc,  as  thdr  slower  motion  will  give  the  requisite 
trail,  the  time  observation  being  compensated  in  the  ratio  of  the 
secant  of  the  declination,  2.  The  action  of  the  clock  marks 
shari>lv  the  instant  it  breaks,  one  interval  being  ended  and  the 
other  begun.  The  photographic  spreading  of  the  light  is  in  oppo- 
site directions,  but  unobstnicted,  so  that  the  instant  is  not  trans- 
ferred along  the  line  by  any  changes  in  the  battery  or  the  auxil- 
ar>^  apparatus.  Thus  the  breaks  follow  the  clock  absolutely.  If 
the  breaks  were  made  upon  a  single  line,  one  of  two  results  must 
happen,  as  in  the  case  of  the  occulting  bar;  either  the  inter\'al  of 
exposure  must  be  very  short  with  reference  to  the  occulted  inter- 
val, on  account  of  the  spreading  of  the  photographic  image  in  the 
film,  as  for  example,  one-tenth  to  nine-tenths  of  a  second;  or  else 
the  trail  ends  will  blurr  into  each  other  so  as  to  become  useless. 
If  an  exposure  is  a  small  fraction  of  a  second,  the  number  of  stars 
whose  brightness  is  available  will  be  considerably  diminished 
near  the  etpiator,  and  also  it  will  be  impossil)le  to  extend  the 
method  towards  the  poles,  because  the  angular  motion  of  the 
star  shortens  up  so  much  that  tenth-second  exposures  unite  with 
one  another.  This  is  a  serious  disadvantage  inasmuch  as  the 
bright  stars  of  this  region  are  omitted  from  the  detei-raination  of 
instrumental  errors,  and  also  from  tlie  final  and  resulting  cata- 
logue. 

The  advantages  of  the  occulting  bar  have  been  carefully  enum- 
erated in  the  Georgetown  paper.  They  are:  1,  the  extreme 
simplicity  and  the  lightness  of  the  apparatus,  these  qualities  ob- 
viously being  at  a  maximum ;  2,  the  fixed  position  of  the  photo- 
graphic plate  during  the  making  of  it. 

There  are  certain  disadvantages  inhering  in  each  S3'stem,  some 
of  which  are  common  to  both  and  others  which  are  pecuHar  to 
one  or  the  other  method :  1,  the  objection  arising  from  the  so- 
called  photographic  parallax,  or  blurring  of  the  edge  of  the  reti- 
cle lines  by  the  action  of  the  light  in  passing  from  the  reticle  to 
the  plate,  has  been  stated  as  belonging  to  the  alternating  plate^ 
but  it  is  common  to  both,  if  it  exists  at  all,  because  this  distance 
is  so  small  that  the  angular  aperture  of  the  telescope  transferred 
from  the  photographic  focus  to  the  plate  represents  an  infinitesi- 
mal linear  distance  upon  it,  itnd  also  being  symmetrically  distrib- 
uted does  not  shift  the  center  of  the  image  of  the  thread ;  2,  the 
partial  obliteration  of  the  trail,  said  to  he  produced  in  the  ilium- 
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ination  of  the  object-glass  unless  covered  by  the  occulting  bar, 
was  never  seen  to  exist  in  the  work  at  Cambridge,  but  it  was 
always  supposed  that  the  general  face  of  the  plate  and  the  star 
trail  itself  both  advanced  a  little  in  density  during  the  operation, 
so  that  the  original  contrast  in  color,  would  persist.  In  short  I 
never  found  that  a  long  illumination,  up  to  nearly  the  point  of 
blacking  the  plate,  as  compared  with  a  very  brief  one,  tended  to 
obscure  the  star  trail.  Certainly  in  practice  there  is  no. danger  of 
losing  a  trail  by  this  fact.  On  the  other  hand  it  would  seem  to 
be  advantageous  to  retain  the  impression  of  the  horizontal 
threads,  and  it  will  be  necessary  to  do  so  if  the  work  is  to  include, 
as  it  ought,  the  determination  of  the  star  place  in  declination  as 
well  as  in  right  ascension. 

The  objection  arising  from  changes  in  the  action  of  the  bat- 
tery, the  springs  and  the  moving  parts  of  the  apparatus,  or  the 
variable  component  of  the  force  of  gravity,  would  at  first  sight 
seem  to  be  against  the  alternating  plate  on  account  of  its  weight, 
and  in  favor  of  the  occulting  bar  on  account  of  its  lightness.  But 
it  is  quite  otherwise.  The  weight  of  the  moving  part  consists 
of  a  bit  of  thin  glass  one  inch  square,  and  of  a  light  metallic  frame 
to  hold  it,  which  rocks  on  pivots  or  a  piece  of  spring,  since  by 
using  a  ruby  light  in  the  observing  room  the  plate  box  can  be 
abandoned.  My  first  plate  holder  consisted  of  a  folded  piece  of 
black  paper;  we  afterwards  tried  metalic  holders  in  Washington ^ 
but  I  should  advise  the  use  of  none.  With  a  much  heavier  plate- 
holder  at  Cambridge,  and  using  two  Daniell's  cells,  I  never  found 
any  trouble  arising  from  this  cause. 

By  recalling  the  action  of  the  break  on  a  chronograph  the  point 
I  have  to  make  will  be  evident.  The  beginning  of  the  break  is 
alwa3's  sharp  and  constant,  responding  to  the  clock  precisely; 
the  length  of  the  break  varies,  dependifig  upon  the  battery,  the 
spring  and  friction.  The  alternating  plate  uses  the  beginning  of 
the  motion  only  for  its  point  of  reference;  the  occulting  bar 
uses  the  dot  produced  by  the  total  break,  and  since  the  microme- 
ter thread  is  set  into  the  middle  of  this  dot,  its  position  relatively 
to  the  beginning  of  the  clock  beat  is  clearly  a  function  of  the  mo- 
tion involved.  My  opinion  is  that  very  little  practical  value 
adheres  in  this  objection  as  against  either  form  of  apparatus,  but 
the  theoretical  objection  is  not  against  the  alternating  plate. 

The  question  will  finally  be  settled  by  a  comparison  of  the  val- 
idity of  two  main  difficulties  that  have  already  been  mentioned. 
The  first  point  raised  by  one  who  looks  into  the  apparatus  used 
in  the  alternating  method  is  that  the  plate  moves.    There  is  one 
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reply  that  covers  the  ground.  The  plate  moves,  but  it  moves 
constant  fashion,  and  whatever  that  motion  may  have  been, 
reticle  is  thrown  down  upon  it  accurately,  so  that  the  niicroi 
ter  measures  take  up  all  the  movement  that  may  exist.  It 
have  to  be  shown  that  the  mechanical  operation  of  the  pli 
through  the  space  of  three-tenths  of  a  millimeter,  is  a  varmble 
tion  before  the  objection  becomes  valid,  I  have  seen  no  reasoi 
suspect  it  in  the  apparatus  that  I  employed. 

It  is  this  objection  that  will  have  to  be  offset  against  the  t 
of  a  second  exposures  used  in  the  occulting  bar  process.  Incn 
ing  the  exposures  to  nine-tenths  of  a  second,  as  can  be  done, 
blur  the  series  of  dots  into  one  line  so  that  the  setting  of  a  mi 
meter  thread  cannot  be  made  upon  the  clock  intervals.  To 
the  exposure  from  one-tenth  to  two,  three  or  four-tenths  of  a 
ond,  will  shift  the  time  of  a  transit  along  by  half  the  variation 
the  interval,  and  this  cannot  l^e  measured  accurately.  To  ch 
in  any  other  manner  involves  the  use  of  a  commutator  as  all 
described.  Not  to  make  these  variations  is  to  limit  the  wor 
the  equatorial  belt  of  stars,  at  the  sacrifice  of  the  polar  reg 
for  all  purposes.  At  present  I  see  no  way  of  escape  from  ul 
the  alternating  plate  and  commutator,  or  limiting  the  worl 
far  as  to  fail  in  its  complete  development. 

We  have  only  space  to  enumerate,  but  not  to  discuss,  s< 
definite  advantages  of  the  photographic  transits,  by  whati 
methods  they  are  taken  : 

1.  The  general  accuracy  of  the  transit  itself  is  well  knowi 
all  who  have  operated  with  the  method,  the  average  error  b< 
about  one-hundredth  of  a  second, 

2.  The  freedom  from  a  variable  personal  eqation  is  unqi 
tioned. 

3.  The  permanence  of  the  record  of  the  transit,  as  compaj 
with  fleeting  vision  of  the  star  that  has  passed  over  the  fil 
not  only  enables  a  complete  discussion  of  the  event,  but  a  cl 
parison  of  the  transits  of  the  samestar  at  widely  different  epcK 

4.  The  superior  accuracy  of  each  transit  involves  a  much  nj 
rapid  approximation  to  the  true  result,  than  by  the  methoc 
taking  the  mean  of  many  inferior  observations.  As  the  precii 
increases  the  necessary  cost  of  observation  and  computation  \ 
diminish.  i 

5-  It  is  obvious  that  the  application  of  this  method  to  J 
determination  of  Longitudes  has  decided  advantages.  The  cl 
at  one  station  will  beat  the  breaks  of  the  chronograph  at  e 
station  and  also  the  star  transit,  all  at  the  same  time.    By  al 
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reply  that  covers  the  ground.  The  plate  moves,  but  it  moves  in  a 
constant  fashion,  and  whatever  that  motion  may  have  been,  the 
reticle  is  thrown  down  upon  it  accurately,  so  that  the  microme- 
ter measures  take  up  all  the  movement  that  may  exist.  It  will 
have  to  be  shown  that  the  mechanical  operation  of  the  plate, 
through  the  space  of  three- tenths  of  a  millimeter,  is  a  variable  ac- 
tion before  the  objection  becomes  valid.  I  have  seen  no  reason  to 
suspect  it  in  the  apparatus  that  I  employed. 

It  is  this  objection  that  will  have  to  be  offset  against  the  tenth 
of  a  second  exposures  used  in  the  occulting  bar  process.  Increas- 
ing the  exposures  to  nine-tenths  of  a  second,  as  can  be  done,  will 
blur  the  series  of  dots  into  one  line  so  that  the  setting  of  a  micro- 
meter thread  cannot  be  made  upon  the  clock  intervals.  To  vary 
the  exposure  from  one-tenth  to  two,  three  or  four-tenths  of  a  sec- 
ond, will  shift  the  time  of  a  transit  along  by  half  the  variation  of 
the  interval,  and  this  cannot  be  measured  accurately.  To  change 
in  any  other  manner  involves  the  use  of  a  commutator  as  above 
described.  Not  to  make  these  variations  is  to  limit  the  work  to 
the  equatorial  belt  of  stars,  at  the  sacrifice  of  the  polar  regions 
for  all  purposes.  At  present  I  see  no  w^ay  of  escape  from  using 
the  alternating  plate  and  commutator,  or  limiting  the  work  so 
far  as  to  fail  in  its  complete  development* 

We  have  only  space  to  enumerate,  but  not  to  discuss,  some 
definite  advantages  of  the  photographic  transits,  by  whatever 
methods  they  are  taken  : 

1.  The  general  accuracy  of  the  transit  itself  is  well  known  to 
all  who  have  operated  with  the  method,  the  average  error  being 
about  one-hundredth  of  a  second. 

2.  The  freedom  from  a  variable  personal  eqation  is  unques- 
tioned. 

S,  The  permanence  of  the  record  of  the  transit,  as  compared 
with  fleeting  vision  of  the  star  that  has  passed  over  the  field, 
not  only  enables  a  complete  discussion  of  the  event,  but  a  com- 
parison of  the  transits  of  the  same  star  at  widely  different  epochs. 

4.  The  superior  accuracy  of  each  transit  involves  a  much  more 
rapid  approximation  to  the  true  result,  than  b^^  the  method  of 
taking  the  mean  of  many  inferior  observations.  As  the  precision 
increases  the  necessary  cost  of  observation  and  computation  will 
diminish. 

5*    It  is  obvious  that  the  application  of  this  method  to  the 

•.determination  of  Longitudes  has  decided  advantages.    The  clock 

lat  one  station  will  beat  the  breaks  of  the  chronograph  at  each 
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nating  the  clocks  of  two  stations  in  this  way  a  most  interesting 
result  shoald  be  obtained. 

6.  In  determining  the  variablity  of  latitudes  it  will  be  only 
necessary  to  take  the  star  trail  of  a  zenith  star,  the  time  being 
marked  by  the  clock  beats,  referring  the  same  to  a  series  of  hori- 
zontal reticle  threads.  A  comparison  of  a  set  of  such  plates 
taken  throngfaont  a  year  should  give  a  strong  hold  upon  the 
problem.  The  principal  advantage  is  that  the  variations  of  the 
atmosphere,  and  the  tossing  about  of  the  light  of  the  star,  is 
recorded  accurately,  the  whole  case  being  completely  taken  down 
at  each  exposure. 

7.  Finally  a  catalogue  of  bright  stars  in  both  right  ascension 
and  declination,  for  use  in  connection  with  the  photographic 
charts  of  the  heavens  will  be  very  important.  The  comparability 
of  the  ways  in  which  they  are  both  produced,  will  make  their 
fitness  for  each  other  recognized  at  once. 

8.  There  are  many  meridian  circles  of  the  older  patterns  whidi 
might  readily  be  turned  to  such  work  as  that  suggested  above, 
since  their  object  glasses  will  give  satisfactory  results,  as  has  al- 
ready been  demonstrated.  The  prime  requisite  is  practical  skill 
in  producing  the  results,  the  first  cost  in  money  being  insignifi- 
cant. 

This  subject  is,  therefore,  cordially  commended  to  the  attention 
of  such  as  have  time  to  bestow  upon  these  most  promising  as- 
tronomical investigations. 

Washington,  Nov.  20, 1891. 
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The  author  endeavors  to  determine  with  accuracy  the  ratio  of 
the  heat  received  from  the  limb  and  the  center  of  the  solar  disc, 
and  thus  by  taking  yearly  observations  through  a  sun-spot  cycle, 
to  find  out  if  the  solar  atmosphere  varies  in  depth. 

The  apparatus  consists  of  a  heliostat  which  throws  a  small 
pencil  of  sunlight  into  a  dark  room.  It  is  received  on  a  4-inch 
concave  silver-on-glass  mirror  of  about  10  feet  focus.  A  small 
convex  mirror  is  placed  inside  the  focus  of  the  concave  mirror, 
and  thus  forms  an  image  of  the  sun  of  80  centimetres  in  diame- 
ter. This  image  is  allowed  to  fall  on  a  radio-micrometer  of  Pro- 
•  Communicated  by  the  Author. 


fessor  C.  E,  Boys.  The  tube  of  the  instrument  is  stopped  down 
to  nearly  1  mm.  in  diameter,  so  that  only  about  ^ftVrnrir  part  of 
the  solar  image  is  at  any  moment  giving  its  heat  to  the  instru- 
ment. 

A  slice  of  lime-light  is  allowed  to  fall  on  the  mirror  of  the  radio- 
micrometer,  and  is  reflected  from  it  on  to  a  horizontal  slit  in  the 
side  of  a  box  which  contains  a  photo-plate.  This  plate  during  an 
observation  is  allowed  to  fall  with  a  uniform  rate  by  a  piece  of 
clock-work.  Any  motion  of  the  mirror  of  the  radio-micrometer 
thus  records  itself  on  the  plate  in  a  curved  line. 

The  clock  of  the  heliostat  is  stopped  and  the  image  of  the  sun  is 
allowed  to  transit  across  the  mouth  of  the  radio-micrometer,  and 
the  curve  giving  the  values  of  the  heat  received  from  the  solar 
disc  is  recorded  on  the  photo  plate. 

A  seconds  pendulum  swings  across  the  track  of  the  limelight,  so 
that  the  photo  curve  is  notched  into  seconds  of  time,  and  a 
means  is  thus  given  of  localizing  the  position  of  the  instrument 
on  the  solar  disc. 


THE  ULTRA-VIOLET  SPECTRUM  OF  THE  SOLAR   PROMINENCES.* 
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In  various  papers  published  during  the  past  year  I  have  called 
attention  to  some  of  the  advances  in  our  knowledge  of  the  Solar 
Prominences  which  might  be  expected  to  follow  the  application 
of  photographic  methods  to  a  stud3'  of  their  forms  and  spectra. 
The  August  number  of  the  American  Journal  of  Science  contains 
reproductions  of  some  photographs  obtained  in  the  course  of  my 
investigations  on  this  subject  at  the  Kenwood  Astro-Physical 
Observatory.  1  am  indebted  to  Professor  Lockyer  for  the  use  of  a 
measuring  machine  during  a  recent  visit  to  London,  and  I  am 
now  able  to  give  my  determinations  of  wave-length  for  the  new 
prominence  lines,  and  some  conclusions  to  be  drawn  from  them. 
But  perhaps  it  will  first  be  well  to  consider  for  a  moment  the 
apparatus  and  methods  at  present  employed  in  the  work. 

To  the  eye-end  of  the  12.2-inch  equatorial  refractor  of  the  Ken- 
wood Observatory  a  large  solar  spectroscope  is  rigidlj^  attached 
by  three  steel  tubes,  and  as  the  spectroscope  extends  aboutfive 
feet  beyond  the  focus  of  the  telescope,  the  declination  axis  is 
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placed  at  the  center  of  the  combined  lengths  of  the  two  instru- 
ments, in  order  to  reduce  the  amount  of  counter-balance  required 
at  the  object-glass  end.  The  result  is  very  satisfactory,  and  there 
can  certainly  be  little  fear  of  flexure  in  the  combination.  The 
whole  spectroscope  may  be  rotated  by  a  rack  and  pinion,  so  as 
to  make  the  slit  tangential  or  radial  at  any  point  on  the  Sun's 
Hmb.  The  object-glasses  of  the  collimator  and  observing  tele- 
scope have  3Vi  inches  clear  aperture,  and  42 V^  inches  focal  length. 
The  4-inch  Rowland  grating  is  ruled  with  14,438  lines  to  the 
inch,  and  as  the  telescopes  make  with  each  other  a  constant 
angle  of  25®,  diflerent  orders  of  spectra  are  brought  into  the  field 
of  view  by  rotating  the  grating.  A  diagonal  eye-piece  at  the  end 
of  the  observing  telescope  allows  the  spectrum  to  be  observed 
after  the  photographic  plate  is  in  position. 

In  photographing  the  spectrum  of  a  prominence  the  following 
is  the  ordinary  process.  Let  us  suppose  that  it  is  desired  to  use  a 
radial  slit,  in  the  H  and  K  region  of  the  spectrum.  The  C  line  in 
the  second  order  is  brought  into  the  field,  and  while  observing 
this  line  the  spectroscope  is  rotated  until  the  slit  is  radial  at  some 
point  on  the  limb  where  a  prominence  is  seen.  The  driving-clock 
is  then  started,  and  the  telescope  clamped,  so  that  the  sun's 
image  is  kept  as  nearly  as  possible  stationary  on  the  slit  plate. 
A  small  strip  of  metal,  pushed  in  just  behind  the  slit,  excludes  the 
direct  solar  light,  except  from  a  small  region  near  the  limb.  The 
whole  collimator  is  next  moved  by  a  screw  until  the  slit  is 
brought  to  the  proper  focus  of  the  equatorial  for  K,  and  the  col- 
limator and  observing  telescope  are  set  at  the  focus  for  the  same 
line,  the  positions  being  taken  from  a  table  of  foci,  determined  by 
experiment,  for  the  principal  lines  in  the  spectrum.  After  placing 
the  sensitive  plate  in  position,  the  grating  is  rotated  until  the  K 
line  in  the  fourth  order  is  in  the  middle  of  the  field,  the  slit  is  cov- 
ered, the  slide  drawn,  and  the  proper  exposure  given.  The  ex- 
posure of  course  depends  upon  the  aperture  and  focal  length  of 
the  equatorial,  the  width  of  the  slit,  the  brilliancy  of  the  gl-ating, 
the  sensitiveness  of  the  plate,  etc.,  but  with  the  ordinary  dry 
plate  of  sensitometer  No.  23  furnished  by  the  Seed  Company, 
and  a  slit  about  0.001  inches  wide,  I  usually  find  that  an  expos- 
ure of  from  20  to  30  seconds  gives  the  best  result. 

For  the  first  time  without  an  eclipse  the  prominence  spectrum 
was  thus  photographed  early  in  April  of  the  .present  year.  The 
only  bright  lines  then  obtained  were  found  to  fall  nearly  at  the 
centers  of  the  dark  bands  H  and  K  of  the  solar  spectrum,  but 
these  were  remarkably  strong,  seeming  to  fully  equal  C  in  inten- 


sity,  and  were  present  in  every  proininence  photographed.  Work 
was  continued  on  the  violet  and  ultra-violet  for  some  weeks,  but 
with  the  excei)tion  of  some  lines  which  had  all  the  appearance  of 
g-hosts  of  the  brilliant  H  and  K  reversals^  no  new  lines  were  dis^ 
covered  until  June  23,  when  an  exceptionally  bright  prominence 
was  found,  This  gave  four  lines  in  the  ultra-violet,  and  the  least 
refrangible  of  these  was  found  to  be  double.  A  line  slightly  less 
refrangible  thnn  H^  nearly  but  not  quite  at  the  position  where  the 
iiret  ghost  would  be  expected  to  fall,  was  much  stronger  than 
any  of  the  other  ghosts,  and  it  seemed  very  possible  that  it  was 
an  indetKnideut  line.  This  prominence  remained  visible  for  several 
daySi  and  a  number  of  photographs  of  its  spectrum  were  made 
witii  both  radial  and  tangential  slit. 

In  reducing  the  wave-lengths  of  these  lines  it  might  be  consid- 
ered easy  to  obtain  values  for  a  given  line  agreeing  cloBely  in  the 
Jiundredths  place  of  tenth-meters,  but  two  causes  have  combined 
t4j  lessen  the  accuracy  of  determinations.  The  H  and  K  reversals 
almost  invariaVily  show  some  indications  of  motion  of  the 
prominences  in  the  line  of  sight,  and  the  consequent  distortion 
renders  somewhat  difficult  the  proper  setting  of  the  spider  line  of 
the  measuring  machine.  Again,  the  plate-holder  used  was  made 
for  another  purpose^  which  required  that  the  plane  of  the  plate 
stiould  be  at  right  angles  to  the  axis  of  the  observing  telesco|)e. 
As  the  object -gla$s  of  the  telescope  is  corrected  for  the  visual  re- 
^on^  it  is  evident  that  near  K  there  must  be  a  slight  change  in 
focus  from  one  side  of  the  plate  to  the  other,  and  a  small  error  is 
thus  introduced.  It  will  be  seen,  however,  that  the  measures  are 
^sufficiently  accurate  to  allow  very  little  doubt  as  to  the  identity 
of  most  of  the  lines,  The  fact  tliat  the  solar  s[)ectrum,  due  to  the 
diiiuse  light  of  tlie  atmosphere,  is  photographed  simultaneously 
with  the  promiuence  spectrum,  is  of  great  advantage  in  determin- 
ing the  position  of  the  prominence  lines,  though  it  has  a  corres- 
ponding disadvantage  in  concealing  very  faint  Unes,  which  would 
otiierWise  be  brought  out.  The  waveJengths  of  certain  standard 
lines  in  the  solar  spectrum  have  been  taken  from  the  list  published 
by  Professor  Rowland,*  and  it  has  thus  been  easy  to  find  the 
wave-letvgths  of  tlie  prominence  Unes  by  simple  interpolatioti. 
The  value  of  the  micrometer  screw  has  l3een  determined  for  sever^  , 
regions  on  every  plate  by  measuring  the  positions  of  projierly  dis 
tributed  standard  Unes,  the  numljer  of  separate  «etting«  of  the 
spider  line  in  i  -l*  ranging  from  five  to  fifteen,  depernlWKJ 

UiiOn  thecliaracL  he  line  measured.    In  tlie  following  taUe| 
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the  first  column  eontains  the  wave-lengths  of  the  nltra-Tirfet 
prominence  line?;  the  second  the  positions  assigned  by  Ames  to 
lines  in  the  hydrogen  stellar  series;  and  the  third,  the  wave- 
lengths of  the  calcium  lines  at  H  and  K,  which  Professor  Row- 
tend  has  been  kind  enough  to  famish  in  advance  of  publication. 
I  am  informed  that  they  are  provisional  only,  but  may  be  relied 
on  to  within  1  or  2  in  the  last  place  of  decimals.  In  the  case  of 
hydrogen,  Ames  considers  that  the  error  in  any  wave-length  can- 
not amount  to  more  than  0.05  of  a  unit,*  and  my  own  values  for 
the  prominence  lines  must  possess  about  an  equal  degree  of  ac- 
curacy. In  the  fourth  and  fifth  columns  I  have  added  Comu's 
measures  of  the  hydrogen  lines,!  and  Dr.'  Huggins'  wave-lengths 
of  lines  in  the  hydrogen  stellar  series, t  both  reduced  to  the  scale 
of  Rowland's  map. 
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Let  us  first  consider  the  prominence  lines  which  lie  near  the  cen- 
tres of  the  broad  dark  shades  at  H  and  K.  In  his  observations 
of  the  chromosphere  and  prominence  spectrum  at  Mount  Sher- 
man, in  1872,  Professor  Young  succeeded  in  seeing  these  re- 
versals in  a  number  of  cases,  but  the  character  of  the  bright 
lines  could  not  be  made  out,  and  it  was  considered  probable  that 
the  broad  dark  bands  were  included  in  the  reversal,  only  the 
brighter  central  portions,  however,  being  strong  enough  to  af- 
fect the  eye.  We  now  find,  on  the  contrary,  that  the  substance 
producing  the  bright  prominence  lines  may  possibly  be  entirely 
distinct  from  that  causing  the  broad  bands  in  the  solar  spectrum, 
for  thoug^h  the  lines  certainly  do  lie  near  the  centres  of  the  bands, 
they  are  narrow  and  sharp,  and  it  is  easih'  conceivable  that  their 
position  may  be  simply  the  result  of  chance,  though  perhaps 
probability  would  point  the  other  way.     We  are  hardly  in  a 

♦  "Phil.  Mag.,"  Inly.  1890.  p.  49. 
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position  to  discuss  the  cause  of  the  unique  appearance  of  the 
dark  H  and  K  bands,  but  it  may  be  that  we  maj'  learn  sorae- 
'thingin  this  connection  from  Dr,  Huggins'  important  investiga- 
tions of  stellar  spectra.  It  will  be  remembered  b3'  everyone  that 
in  his  memoir  **Od  the  Photographic  Spectra  of  Stars'*  com- 
municated to  the  Rovid  Society  in  188t),  Dr,  Huggins  arranged 
the  stars  observed  in  a  series,  in  which  the  principal  criterion  of 
position  was  the  character  of  the  K  line.  In  Arcturus,  for  in- 
stance, this  line  is  broader  and  more  diflfuse  than  in  the  sun  itself, 
while  in  Sinus  it  has  narrowed  down  to  a  fine,  sharp  line.  Other 
stars  give  intermediate  breadths,  and  in  some  instances  it  has 
entirely  disappeared  In  the  case  of  H  the  questic)n  is  compli- 
cated by  the  fact  that  h3'drogen  and  calcium  possess  lines  which 
form  a  close  double  at  this  point,  so  it  is  best  to  consider  only  K^ 
From  the  variations  of  this  line  it  will  be  ?e^n,  apart  from  the 
interesting  subject  of  stellar  evolution  so  evidently  suggested, 
that  the  narrow  dark  line  at  the  centre  is  verv-  possibly  produced 
by  the  same  substance  which,  vibrating  under  difTerent  condi- 
tions, causes  by  its  absorption  the  broad  dark  band. 

As  the  central  dark  line  is  known  with  a  high  decree  of  cer- 
tainty to  be  due  to  calcium,  it  becomes  likely  that  the  band  is 
due  to  the  same  substance,  and  as  the  central  dark  line  of  H  is 
also  a  calcium  line,  it  might  perhaps  be  safe  to  attrilmte  the  H 
band  to  the  same  metaU  though  in  neiiher  case  is  it  well  to  be 
too  positive  in  the  assertion,  for  it  is  somewhat  peculiar  that  the 
bands  and  lines  appear  together  in  the  solar  sfjcctrum.  If  the 
same  substance  produces  both,  antl  each  requires  ditVc rent  condi- 
tions, possibly  of  temperature  or  f»ressure,  fur  its  production, 
these  conditions  must  presumably  exist  at  different  elevations 
above  the  photosphere. 

The  question  now  arises  whether  the  bright  lines  in  the  promi- 
nence spectrum  agree  in  position  with  the  dark  lines  at  the  cen- 
tres of  the  H  and  K  bands.  Only  one  or  twa  of  nn^  prominence 
spectra  happened  to  be  given  the  proper  exposure  to  bring  out 
both  the  bright  and  dark  lines,  but  in  these  the  coincidence  is 
fairly  satisfactory.  I  have  not  as  yet,  however,  been  able  to  ob- 
tain the  wave-lengths  of  the  dark  lines  in  hundredths  of  a  tenth- 
metre,  but  Professor  Rowland's  determinations  of  wave-lengths 
for  the  corresponding  calcium  lines  will  answer  nearly  as  well. 
These  have  been  given  in  the  third  column  of  the  table  of  wave- 
lengths. It  will  be  seen  that  in  the  case  of  H  the  prominence  line 
is  0.05  tenth-metres  more  refrangible,  while  at  K  the  prominence 
line  is  0*06    tenth-metres   less  refrangible.    Professor  Rowland 
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considers  his  values  correct  within  1  or  2  hundredths  tenth- 
metres,  while  the  probable  errors  in  the  position  of  the  promi- 
nence lines,  deduced  on  the  assumption  of  equal. weights  for  the 
wave-lengths  given  by  each  of  six  plates,  are  0.021  and  0.036 
tenth-metres  for  H  and  K  respectively.  On  the  whole,  then, 
there  can  be  little  doubt  that  these  prominence  lines  are  due  to 
calcium,  and  are  therefore  probably  true  reversals  of  the  central 
dark  lines  of  the  H  and  K  bands. 

It  will  be  of  interest  next  to  consider  briefly  the  character  of 
these  two  prominence  lines.  In  all  cases  they  are  quite  narrow 
and  sharp,  except  when  motion  in  the  line  of  sight  has  produced 
broadening  or  distortion.  In  seven  photographs  made  with  a 
radial  slit  both  lines  gradually  become  narrower  as  the  distance 
from  the  limb  increases,  and  have  a  pointed  appearance.  This 
might  be  due  to  an  actual  decrease  in  the  width  of  the  lines,  but, 
as  there  is  usually  a  certain  increase  of  intensity  toward  the 
limb,  the  effect  may  be  purely  photographic,  in  several  plates, 
however,  there  is  so  little  change  of  intensity  that  the  widening 
can  hardly  be  due  to  this  cause.  The  arrow-head  appearance, 
so  frequently  seen  with  the  C  and  F  lines,  is  often  shown  when 
the  slit  is  radial.  A  rather  curious  appearance  has  been  found  on 
three  plates  made  with  radial  slit,  and  in  the  two  which  best 
show  the  effect  there  is  a  very  sudden  decrease  of  intensity  in  the 
upper  part  of  the  lines.  Instead  of  becoming  narrower  toward 
the  top,  the  lines  seem  to  expand  symmetrically  on  either  side, 
and  the  edges  become  hazy  and  indistinct.  As  in  the  case  of  the 
pointed  lines,  there  is  also  an  expansion  toward  the  limb,  but 
here  the  edges  are  clearly  defined.  The  arrow-head  appearance 
is  shown  in  two  of  these  plates.  With  a  tangential  Slit  two 
plates  show  the  lines  expanded  at  the  ends,  and  in  one  plate  they 
are  pointed.  Though  in  most  cases  the  forms  of  H  and  K  are 
very  similar,  there  is  a  single  instance  where  K  is  shown  sharply 
double  in  the  fainter  portions  at  each  end  of  the  line,  and  at  one 
end  the  components  seem  to  diverge  slightly.  That  this  is  not 
the  result  of  poor  focusing  is  attested  by  the  sharpness  of  the 
lines  in  the  background  of  solar  spectrum;  at  the  same  time  the 
appearance  is  hardly  that  of  an  ordinary  reversal.  One  further 
peculiarity  will  show  that  it  is  safest,  for  the  present  at  least,  not 
to  draw  any  conclusions  from  such  appearances  as  have  been 
noted.  In  a  certain  position  of  the  mirror  of  the  measuring 
machine  the  illumination  was  such  that  the  edges  of  the  radial 
black  lines  appeared  bright,  while  the  Fraunhofer  lines  of  the 
solar  spectrum  were  also  bright,  as  with  ordinary  illumination. 


One  of  the  negatives,  in  which  H  and  K  were  broader  and  fainter 
at  the  top»  brought  oiil  the  eficct  particularly  welL  The  central 
dark  line  extended  two-thirds  of  the  distance  to  the  top  of  the 
prominence,  and  in  the  upper  part  it  was  excessively  narrow  and 
delicate.  Lower  down  it  gradually  widened,  until  at  a  point 
very  near  the  limb  the  widening  became  much  more  rapid,  and  at 
the  limb  itself  the  line  was  nearly  as  wide  as  when  seen  under 
ordinary  conditions. 

A  paragraph  from  Dr.  Sclnister*s  report  on  the  results  ob- 
tained with  the  spectroscopic  cameras  at  the  total  eclipse  of 
August  29,  1886,  seems  to  refer  to  a  somewhat  similar  appear- 
ance. Speaking  of  the  photographs  of  the  coronal  spectrum,  Dr. 
Schuster  remarks*:  **A  bright  line  shows  black  on  the  negative, 
and  is  bounded  on  both  sides  by  an  apparently  lighter  back- 
ground. This  is  a  well-known  contrast  effect.  The  H  and  K 
lines,  for  instance,  seem  to  be  surrounded  by  a  lighter  band, 
which  follows  the  contour  not  only  of  the  lines,  but  also  of  the 
wing  by  the  side  of  the  prominence.  If,  now,  a  Fraunhofer  line 
happens  to  be  by  the  side  of  a  bright  line,  the  contrast  is 
strengthened,  and  both  the  bright  and  the  dark  lines  appear 
more  distinctly  than  they  otherwise  w*ould.  This  is  the  only 
simple  way  in  w^hich  I  can  explain  some  of  the  appearances  of 
the  photographs,'*  The  first  part  of  the  quotation  is  all  that 
concerns  us  at  present,  for  in  the  negative  which  I  have  men- 
tioned as  showing  this  peculiarity  particularly  well,  the  Fraun- 
hofer lines  are  hardly  visible  above  the  limb,  and  none  appear 
within  the  dark  bands  at  H  and  K.  As  Dr.  Schuster  does  not 
speak  of  the  illuminatif)n,  I  assume  that  the  appearance  was 
generally  seen,  and  this  constitutes  another  point  of  difference. 
A  penumbra  formed  by  light  reflected  from  the  back  of  the  plate 
would  probably  extend  but  little  higher  than  the  central  line,  but 
in  the  future  plates  backed  with  a  dyed  collodion  tilm  will  be 
employed  to  obviate  any  effects  of  this  kind.  No  entirelv  satis- 
factory explanation  of  the  peculiar  appearance  of  these  lines  has 
as  yet  suggested  itself. 

But  on  another  point  there  is  little  room  for  doubt «  The 
bright  H  and  K  lines  certainly  extend  to  a  very  considerable 
elevation  abo\x  the  sun*s  limb,  and  it  is  extremely  probable  that 
calcium  is  carried  to  the  very  top  of  the  highest  prominences. 
With  the  improved  apparatus  to  be  used  in  a  continuation 
of  this  research,  I  hope  to  be  able  to  ascertain  the  relative 
heights  of  various  lines  in  the  prominence  spectrum.  For  in- 
~*^Phii  Trans/*    Vol  180  (1889),  (A.)  p.  329. 
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stance,  while  a  photograph  is  being  made  of  H  and  K,  the  height 
of  C  in  the  same  prominence  can  be  measured  with  a  micrometer. 
The  comparative  observations  and  photographs  made  up  to  the 
present  time  suggest  the  belief  that  calcium  attains  the  highest 
elevations  reached  by  hydrogen,  and  the  remarkable  brilliancy 
of  H  and  K  at  the  eclipse  of  1882  attest  the  importance  of  cal- 
cium  in  the  prominences.  Dr.  Schuster  is  of  the  opinion  that  the 
coronal  spectrum  contains  calcium  injected  by  the  prominences, 
and  this  may  only  very  gradually  descend  again  to  the  level  of 
the  photosphere*.  This  supposition  seems  a  very  plausible,  one, 
and  if  it  be  at  the  same  time  considered  probable  that  the  H  and 
K  bands  and  their  central  lines  are  produced  by  the  same  sub- 
stance, the  possibility  is  suggested  that  the  broad  dark  shades 
may.be  caused  by  the  absorption  of  the  cooler  vapor  at  a  consi- 
derable elevation,  while  the  absorption  near  the  photosphere 
gives  rise  to  the  narrow  central  lines.  This  view  need  not  neces- 
sarily conflict  with  a  belief  in  a  shallow  reversing  layer,  where 
absorption  ordinarily  takes  place,  for  the  H  and  K  bands  are 
unique  in  the  solar  spectrum.  It  rests,  however,  on  somewhat 
insecure  foundations,  and  cannot  be  credited  with  much  weight. 

On  account  of  the  dark  shades  at  H  and  K  it  has  proved  quite 
easy  to  photograph  prominence  forms  with  an  open  slit.  With 
other  prominence  lines  the  brilliancy  of  the  background  is  much 
increased  when  the  slit  is  opened,  but  this  is  not  the  case  with  H 
and  K,  and  it  is  often  possible  to  use  a  slit  nearly  a  quarter  of  an 
inch  wide.  The  fourth  order  spectrum  has  been  employed  for  this 
work,  and  the  best  results  are  obtained  with  an  exposure  of 
about  one  second.  It  is  considered  that  great  advantage  will 
result  from  a  material  reduction  of  this  exposure,  as  the  disturb- 
ances in  our  atmosphere  have  as  yet  made  it  impossible  to  secure 
the  finest  details  of  structure. 

It  is  of  interest  to  note,  however,  that  the  first  photograph  ever 
taken  of  the  rapid  development  of  a  prominence  was  made  in  this 
way  by  my  assistants  on  July  8,  1891,  at  23*»  55»"  Chicago  M.  T. 
As  at  first  observed  through  C,  the  prominence  was  low,  but  very 
bright,  and  changing  rapidly.  A  great  tongue  moved  rapidly  out 
to  an  elevation  of  about  80,000  miles,  and  at  this  time  the  ex- 
tension was  photographed  through  H  and  K.  In  fifteen  minutes 
the  prominence  had  returned  to  its  original  form.  A  reproduction 
of  the  photograph  is  given  in  the  August  number  of  the  **  Ameri- 
can Journal  of  Science,"  and  though  much  has  been  lost  in  the 
printing  process,  some  idea  of  the  actual  appearance  of  the  prom- 
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inence  may  be  gained.*  A  new  apparatus  for  photographing  the 
prominences  is  now  being  constructed  as  the  outcome  of  my  in- 
vestigations on  this  subject,  and  this  is  expected  to  do  awa3^  with 
many  of  the  difficulties  previously  encountered.  It  will  consist  of 
two  slits,  moved  in  opposite  directions  across  the  ends  of  the 
stationary  collimator  and  observing  telescope  by  means  of  a 
peculiar  form  of  clepsydra.  The  sun's  image  and  photographic 
plate  will  be  stationary,  and  the  apparatus  is  thus  to  be  con- 
structed on  the  principle  of  the  second  method  devised  b}^  myself 
in  1889,  but  so  altered  as  to  avoid  the  defects  of  the  original 
scheme,  I 

Decision  must  be  reserved  for  the  present  as  to  the  line  at 
X  3970,11*  The  wave-length  has  been  determined  from  four 
plates,  but  as  the  line  is  not  far  from  where  a  ghost  of  H  should 
fall,  I  cannot  be  certain  that  it  belongs  to  the  prominence  spec- 
trum. At  the  same  time  it  is  very  much  brighter  than  any  other 
of  the  seven  ghosts  of  H  and  K,  and  its  position  with  respect  to 
H  is  not  symmetrical  with  that  of  the  first  ghost  on  the  opposite 
side  of  this  line,  while  in  the  case  of  K  the  ghosts  are  very  regu- 
larly spaced.  My  assistants  report  that  they  were  able  to  see 
H  very  plainly  double  in  a  brilliant  metallic  prominence  observed 
July  27,  and  on  several  occasions  Professor  Young  has  made  out 
the  same  thing.  The  agreement  in  wave-length  w^ith  Ames' 
hydrogen  line  at  3970.25  is  by  no  means  satisfactory,  and  more 
observations  and  measures  are  required  before  a  conclusion  can 
be  reached. 

No  one  can  doubt  that  the  next  four  prominence  lines  are  mem- 
bers of  the  well-known  hydrogen  series,  for  their  agreement  in 
wave-length  with  the  values  given  by  Ames  is  certainly  ver>' 
striking,  Cornu's  measures  show  considerable  differences,  as  do 
also  those  of  Dr.  Huggins»  but  the  small  dispersion  employed  by 
the  latter  in  this  investigation  must  be  bonie  in  mind.  There  can 
be  little  question  that  Ames'  wave-lengths  are  very  near  the 
truth,  for  they  almost  exactly  correspond  with  those  calculated 
by  Balmer's  formula.  The  measures  of  the  prominence  lines  also 
serve  to  confirm  them. 

The  remaining  prominence  line  at  ^  3888.73  has  not  been  ac- 
counted for.  It  forms  a  close  double  with  the  hydrogen  line  at 
at  X  3889.14,  and  with  it  attains  as  great  elevations  above  the 
limb  as  those  reached  by  H  and  K.    The  character  of  the  lines, 

•  See  also  Plate  III. 

f  For  previous  papers  on  promittctice  phatographv  see— **Teehoolojjy  Quar- 
terly,'' Vol  HI,,  No.  4r,  1890.  **Astronomi9che  Nachrichtcn."  Nos.  3D06,  3037 
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however,  is  quite  different,  for  while  the  hydrogen  line  is  wider, 
and  slightly  diffused  the  line  at  k  3888.73  is  very  narrow  and 
sharp.  I  have  seen  no  statement  that  the  hydrogen  line  has 
shown  any  signs  of  duplicity,  and,  as  Mrs.  Huggins  has  had  the 
kindness  to  examine  the  corresponding  line  in  some  very  sharp 
photographs  of  stellar  spectra  with  the  same  result,  we  have 
reason  to  consider  an  independent  origin  probable. 

The  results  so  far  obtained  can  only  be  regarded  as  preliminary, 
for  with  the  improvements  now  being  carried  out  in  the  telescope 
and  spectroscope,  and  the  much  greater  frequency  of  metallic 
eruptions  as  the  maximum  sun-spot  period  is  approached,  it  is 
certainly  to  be  hoped  that  many  more  lines  will  be  photographed. 
The  ultra-violet  spectra  of  sun-spots  have  also  been  worked  upon 
with  some  indications  of  success,  and  there  will  evidently  be  no 
lack  of  opportunity  in  the  new  and  interesting  fields  thus  opened 
to  investigation. 

London,  August  13, 1891. 
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With  the  new  spectroscope  of  the  Halsted  Observatory,  which 
has  a  5-inch  Rowland  grating  of  20,000  lines  to  the  inch,  I  have 
repeatedly  observed  of  late  that  the  bright  chromosphere  line, 
Angstrom  6676.9  (No.  2  in  my  catalogue  of  the  chromosphere 
lines),  is  not  coincident  with  the  corresponding  dark  line  of  the 
solar  spectrum,  but  is  less  refrangible  by  about  one-third  of  a 
unit  of  Rowland's  scale.  This  chromosphere  line,  therefore,  can 
no  longer  be  ascribed  to  iron,  but  must  be  due  to  some  other  sub- 
stance as  yet  undetermined. 

I  think  there  can  be  no  doubt  as  to  the  non-coincidence.  The  in- 
terval between  the  bright  and  dark  lines  varies  to  some  extent 
with  circumstances,  being  usually  less  in  the  chromosphere  spec- 
trum on  the  sun's  eastern  limb  than  on  the  western,  and  it  is 
often  affected  by  motions  in  the  line  of  sight,  but  nine  times  out 
of  ten  the  want  of  coincidence  is  perfectly  obvious. 

I  may  add  that  I  have  also  obtained  a  considerable  number  of 
photographs  of  the  ultra-violet  spectrum  of  the  chromosphere 
with  the  new  instrument,  and  get  complete  confirmation  of  al- 
most all  Mr.  Hale's  results.  I  find  not  only  the  constant  reversal 
of  the  H  and  K  lines,  but  I  have  obtained,  so  far,  five  of  the  ultra- 

•  Nature,  Not.  12. 1891. 
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violet  series  of  hydrogen  lines;  the  first  of  them  beiti^  the  well- 
known  **companion  **  of  H  (first  visually  observed  by  myself  in 
1880),  and  the  other  four  in  their  regular  succession  above  it. 

The  only  point  in  which  my  plates  fail  to  confirm  Mr.  Hale's  is 
that  I  have  not  yet  succeeded  in  catching  the  duplicity  of  the  hy- 
drogen  «  (3889).  Several  of  his  plates  show  at  this  point  two 
lines  near  together;  none  of  mine  do  so,  and  I  conclude  that  the 
companion  line  makesits  appearance  only  rarely.  I  first  observed 
this  line  visually  in  1883  (Amerkaa  Journal  of  Scwnce,  November 
1883) »  and  it  has  since  been  often  seen  by  my  assistant,  Mr.  Reed, 
as  well  as  by  myself 

Of  course  the  opinion  is  no  longer  tenable  that  H  and  K  can  be 
due  to  hydrogen,  since  the  measures  clearly  show  that  the  com- 
panion to  H  belongs  to  the  hydrogen  series.  But  I  am  still  scep- 
tical whether  they  are  due  to  calcium,  at  least  in  its  tenestrial 
condition, 

Prixceton.  N.  J.,  Oct.  20,  1891. 
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M.  H.  nnSI^ANDRSB.  Faus  Obsbktatory. 


1  have  been  commissioned  by  Admiral  Mouchez  to  inaugurate  a 
new  department  at  the  Paris  Observatory  for  spectroscopic  in- 
vestigations, which  form  the  most  important  branch  of  physical 
astronomy,  and  I  have  directed  my  efforts  in  part  toward  the 
stud3'  of  the  Sun.  I  have  the  honor  to  present  to  the  Academy 
the  first  results  obtained  io  this  new  direction. 

Method— Apparatus.  I  have  studied  the  atmosphere  of  the 
Sun  in  a  part  of  its  radiation  not  yet  explored.  Every  day  in 
many  observatories,  the  chromosphere  and  the  prominences  are 
observed  by  the  method  of  M.  Jansscn,  but  with  the  eye  only, 
and  in  the  brightest  part  of  the  visible  spectrum,  the  red,  the  yel- 
low and  the  green.  Now  I  have  applied  the  same  method  in  an- 
other region  of  the  spectrum,  which  is  bareh'  visible,  or  even 
invisible,  but  easy  to  photograph,  and  which  includes  the  blue, 
the  violet,  an«l  a  part  of  the  invisible  ultra*violet,  as  far  as  /  380. 

The  instruments  employed  are  the  following:  1st,  The  sidero- 
Stat  of  Foucault,  which,  in  the  estimation  of  its  illustrious  de- 
signer, was  cspeiHally  suited  to  solar  work;  2d.  An  old  12-inch 
objective  by  Lerebours,  which  I  have  corrected  for  the  chemical 
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rajs  by  sepeJoatiflg  th^  two  lenses;  3d.  A  photographic  spectro- 
scope with  1,  2  or  3  prisms  of  light  flint. 

Resuks.  In  spit«  of  the  small  dispersion  used  I  have  obtained 
tbe  permanent  lioes  of  the  chromosphere  in  the  blue  and  yiolet, 
obaerved  witJb  tie  eye  by  Professor  Young  from  the  summit  of  a 
high  mowBi^iBs  L  ^.,  the  G^  and  h  lines  of  hydrogen,  and  H  and  K 
of  caleiiiiti.  Bot  by  photography  the  intensities  of  these  lines 
presettt  some  iqiportant  differences.  The  H  and  K  lines,  which 
are  at  the  limit  of  vtstbiUty»  are  recorded  by  Professor  Young  as 
tUrty  times  less  intense  than  the  Une  G^  of  hydrogen.  Now  the 
mnmerouis  photographs  ma<le  on  the  entire  limb  of  the  sun  during 
the  months  of  May,  June  and  Julj-,  1891,  show  clearly  the  lines 
of  calcium  iBuch  longer  and  more  intense  than  the  lines  of  hydro- 
gen ;  they  are  often  strong  when  the  hydrogen  lines  are  very 
£unt. 

Besides  this  I  have  also  obtained  the  permanent  faint  line  a 
Kttle  less  refrangible  than  H,  and  recorded  in  Professor  Young's 
Kst  with  the  remark,  "element  unknown/'  but  I  have  identiflfid 
this  line  as  one  of  hydrogen,  by  direct  comparison  with  a  Geissler 
tnbe. 

Finally,  in  the  invisible  ultra-violet  region,  I  have  obtained  two 
new  permanent  lines  which  correspond  with  the  first  two  lines  of 
hydrogen  in  Dr.  Huggins'  stellar  series. 

But  the  most  important  result  is  the  marked  predonainance  of 
the  lines  attributed  to  calcium.  The  corresponding  vapors  rise 
higher  than  do  those  of  hydrogen,  a  fact  which  overthrows  the 
accepted  ideas  on  the  composition  of  the  solar  atmosphere.  This 
result  is  less  astonishing  when  it  is  considered  that  the  H  and  K 
lines  are  the  broadest  in  the  ordinary  solar  spectrum,  and  should 
consequently  be  very  strong  in  the  absorbing  layer.  It  is  more- 
over, in  accordance  with  the  great  extension  of  these  same  lines 
shown  in  photographs  of  the  corona  spectrum  made  during  the 
eclipses  of  1882, 1883  and  1886  by  Messrs.  Abney  and  Schuster.* 

Another  property  of  these  bright  lines  of  calcium,  important 
from  a  practical  point  of  view,  is  the  possibiHt3' of  obtaining  them 
with  a  very  low  dispersion.  The  great  width  of  the  black  back- 
ground on  which  they  are  projected  gives  them  this  advantage, 
and  even  partially  explains  their  great  extension.  With  the 
hydrogen  lines,  on  the  contrary,  the  discovery  of  the  proninences, 

•  On  a  high  mountain,  and  with  an  apparatus  of  low  dispersion,  the  bripjht 
Itnct  oi  calciom  will  be  still  longer,  and  thus  the  corona,  proi>erly  so  called,  will 
be  obtained.  The  distinction  between  the  corona,  the  chromosplierc,  and  the 
prominences  is  entirely  relative,  and  depends  upon  the  region  of  the  spectrum 
l»  and  the  cottditions  of  the  experiment. 


as  is  well  known,  was  delayed  for  two  years  by  the  insufficient 
dispersion  of  the  apparatus  employed. 

I  have  the  honor  to  present  to  the  Academ}^  several  photo- 
graphs of  these  caldum  reversals.  One  of  these  shows  a  promi- 
nence  at  311^,  June  18,  2'*  55™  M,  T.,  moving  v^nth  a  gyratory 
motion.  One  extremity  approaches  the  earth,  in  fact,  with  a 
velocity  which,  determined  from  the  photograph  according  to  the 
principle  of  M.  Fizeau,  is  about  62  kilometres^  the  other  extrem- 
ity with  the  smaller  velocity  of  25  kilometres.  The  direction  of 
the  rotation  (a  point  worth  noting)  is  that  of  the  Sun*s  rotation. 
The  laws  of  storms  in  our  own  atmosphere  apply  also  to  the  at- 
mosphere of  the  sun. 

Photograph ic  Record  of  Form  and  Velocity. — ^These  photo- 
graphs require  a  maximum  exposure  of  two  seconds.  They  can 
serve  for  a  regular  and  rapid  stud3'  of  the  movements  at  the  sur- 
face of  the  sun,  movements  which,  according  to  certain  ideas  now 
in  vogue,  are  supposed  to  have  an  influence  on  the  terrestrial 
atmosphere.  The  forms  of  prominences  may  also  be  photo- 
graphed. 

Mr.  Hale,  who  has  long  been  engaged  in  investigating  this  last 
question,  has  proposed  several  very  ingenious  methods  for  photo- 
graphing prominences  with  a  narrow  slit ;  but  these  methods  ap- 
ph^  only  to  single  prominences,  and  not  to  the  entire  circumference 
of  the  sun;  besides,  they  do  not  give  the  %*elocities.  I  have 
devised  an  entirely  different  arrangement,  which  may  be  described 
as  follows : 

The  spectroscope,  which  may  be  of  any  form,  turns  continuously 
around  an  axis  passing  through  the  center  of  the  sun*s  image, 
and  prolonging  the  optical  axis  of  the  objective*  The  middle  of 
the  slit  is  on  the  limb  of  the  sun*  all  points  of  which  it  meets  suc- 
cessively by  the  rotation  of  the  apparatus.  Before  the  photo- 
graphic plate  is  placed  a  fixed  slit,  which  corresponds  with  the  K 
line  of  calcium.  Moreover,  the  plate  is  movable,  in  such  a  way 
that  a  displacement  of  the  plate  corresponds  to  an  equal  displace- 
ment of  the  middle  of  the  slit.  This  result  is  secured  b3^  simple 
gearing.  If  then  the  spectroscope  rotates  steadily  with  a  suitable 
velocity,  a  band  equal  in  length  to  the  circumference  of  the  sun 
is  obtained  on  the  plate,  which  shows  all  the  prominences  with 
their  exact  forms.  But  the  velocity  of  the  prominences  is  not 
given  by  this  process*  It  is  also  necessary  to  give  to  the  appar- 
atus a  series  of  rapid  rotations,  separated  by  periods  of  two 
seconds,  in  such  a  way  as  to  have  on  the  plate,  for  example,  200 
equidistant  sections  of  the  chromosphere  on  the  whole  circumfer- 
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ence  of  the  sun.  Each  section  requiring  about  three  seconds,  the 
whole  can  be  made  in  ten  minutes.  If,  moreover,  the  plate  is  re- 
placed  by  a  piqpe  of  sensitive  paper  rolled  on  a  cylinder,  and  the 
movement  of  the  spectroscope  made  automatic,  a  simple  appar- 
atus will  be  obtained  which  will  register  continuously  the  form 
and  velocity  of  the  incandescent  masses  at  the  surface  of  the  sun. 


ON    THE    ENORMOUS    VELOCITY     OF     A     SOLAR     PROMINENCE, 
OBSERVED  JUNE  17,  I89I.* 


JULIUS  PBNYI.  DmBCTOR  of  thb  Hatnald  Obsbrvatoby,  Kalocsa,  Hunoabt. 


On  June  17,  at  5^  30™,  Paris  mean  time,  a  group  of  spots  in 
course  of  development,  was  seen  at  21®  latitude,  and,  according 
to  our  calculations,  it  would  pass  around  the  western  limb  of 
the  sun  at  282°  from  the  celestial  pole.  The  phenomena  ob- 
served in  a  group  of  prominences  at  the  same  place  form  the 
subject  of  this  communication. 

An  elevation  18^^  high  and  of  a  dazzling  brilliancy,  extending 
from  278°  32'  to  281°  from  the  celestial  pole,  was  with  the  flame 
at  282°  42^,  the  seat  of  an  excessively  violent  eruption. t 

After  5**  42",  p.  m.,  Kalocsa  mean  time,  or  4**  36",  Paris  mean 
time,  the  detached  parts  of  the  group  in  question  reached  the 
considerable  elevation  of  109''.  As  yet  the  whole  complex  mass 
revealed  neither  motion  in  the  line  of  sight  nor  motion  of  ascent, 
except  the  point  of  the  chromosphere  at  282°  42',  where  the  light 
spread  itself  outside  the  slit  toward  the  red. 

The  violence  of  the  erpution  was  shown  not  only  by  the  great 
brightness  of  the  red  line  6677,  but  also  by  the  fact  that  the 
lower  parts  of  the  prominence  were  visible  in  this  metallic  line  up 
to  the  height  of  13" ;  their  brilliancy  was  equal  to  that  of  or- 
dinary prominences  in  the  C  line. 

After  6**,  Kalocsa  mean  time,  the  point  at  281°  shone  with  so 
great  a  brilliancy,  that  its  reddish  light  seemed  to  become  white ; 
an  enormous  displacement  of  the  light  of  the  spectrum  toward 
the  blue,  at  a  medium  height  above  the  sun*s  limb,  indicated  at 
the  same  time  an  approach  of  the  hydrogen  in  our  direction,  with 
a  prodigious  velocity. 

The  line,  that  is  to  say,  the  image  of  the  slit,  appeared  com- 

•  *'Compte8  Rendus  de  TAcadteie  des  Sciences,"  17  August,  1891. 

t  On  the  same  day,  and  at  the  same  place  on  the  sun,  M.  Trouvelot  observed 
tbe  *' luminous  phenomena"  published  in  the  Note  in  the  Comptes  rendus, 
V.  CXn,  p.  1421. 
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pletely  free  from  reversal ;  the  entire  form  was  outside  the  line  on 
the  side  toward  the  blue,  and  was  composed  of  luminous  fila- 
ments directed  along  the  spectrum  and  changing  in  ap|jcarance, 
shining  like  lightning  when  I  drew  the  image  above  the  slit. 

I  measured  the  extent  of  the  displacement  by  means  of  a  Gk 
micrometer,  and, after  having  carefully  determined  the  dispersion^ 
in  this  region  I  obtain  the  enormous  velocity  of  797  kilometers 
per  second.  New  measures  were  taken:  they  gave  890  kilomet- 
ers per  second  as  the  maximum  velocity. 

I  commenced  at  that  time  to  determine  the  height  of  this  mov- 
ing mass,  causing  the  prominence  to  pass  over  the  slit,  and  ob- 
serving the  transit  of  both  the  top  and  the  lower  extremity. 

The  result  of  seven  transits,  observ^ed  in  rapid  succession,  gives 
an  interestirtg  illustration  of  the  progress  of  the  phenomenon : 


height  on  th«  Umh. 
Lowtr  Part.        Summit. 


Extent  ufUif 
Column. 


Ascent  p«r  4 

of  Time. 


Vclocltv 
towanl 
us  ptfr  «econ<l 
km. 

337 


Yl » 142.8 

H/li..l,...!„l.  152.3 


93.5 
104.6 


35.6 


0,.j 


16,3 
IS.O 

-2.7 

8.2 

13.8 

30,6 


449 


We  thus  see  that  a  sus^iended  colnran,  measuring  111"  from 
top  to  bottom,  rose  almost  vertically  in  a  single  mass  and  with  a 
prodigious  velocity  to  a  height  of  256^.9.  The  velocity  with 
which  this  same  mass  advanced  toward  us  was  also  enormotis, 
for  the  image  remained  all  the  time  outside  the  C  line;  the  image 
of  the  slit  was  entirely  dark.  The  displacement  of  the  top,  meas- 
ured with  the  micrometer  before  the  first  and  during  the  last 
transit  gave  for  the  elevation  indicated  in  the  table  the  enormous 
velocities  of  337  kilometers  and  449  kilometers  per  second,  T\\ 
lo^-er  parts  showed  a  still  greater  de\^ation  than  that  of  the  top» 

It  it  impossible  for  me  to  follow  with  exactness  the  progress  of 
the  aisccnt  in  all  its  phases,  because  we  could  not  determine  pre- 
cisely at  what  instant  each  of  these  phases  occurred;  l)ut  we  can 
at  least  indicate  the  mean  velocities  quite  accurately.  During 
\ch  transit  I  counted  only  twenty  seconds;  we  can  thus  safely 
l$sume  that  no  one  of  these  observations  lasted  longer  than 
thirty  seconds*    As  the  prominence  traversed,  during  the  seven 


Julius  Fenji.  .  65 


transits,  or  in  210  seconds,  the  distance  79'  2",*  it  must  have 
risen  with  a  mean  velocity  of  at  least  485  kilometres  per  second. 
Its  lower  extremity  rose  more  rapidly,  if  we  rely  on  the  first 
measures  taken;  however,  its  progress  was  evidently  retarded, 
while  the  top  seemed  Vather  to  rise  with  a  constantly  increasing 
velocity. 

This  same  mass  also  possessed  a  velocity  by  no  means  insignifi- 
cant in  the  third  direction ;  that  of  the  meridian.  According  to 
the  data  obtained,  this  velocity  would  amount  to  about  100  kilo- 
metres per  second;  but  this  figure,  which  does  not  rest  upon 
exact  measures,  is  of  little  importance  in  comparison  with  the  two 
components  we  have  just  discussed. 

If  we  consider  these  two  components  as  simultaneous — a  sup- 
position, moreover,  which  is  well  warranted  by  the  phenomena 
mentioned  —  we  obtain,  in  uniting  them  into  a  single  resultant, 
the  prodigious  velocity  of  1014  kilometres  per  second,  without 
counting  the  third  component,  which  is  uncertain. 

As  the  component  in  the  line  of  sight  alone  so  greatly  surpasses 
the  potential  of  the  sun,  we  may  conclude  that  the  sun  can  even 
now  project  into  space  matter  which  will  never  return  to  it. 

These  observations  demonstrate  as  well  that  it  is  impossible  to 
explain  according  to  modem  theories  the  immense  disturbances 
which  take  place  in  the  atmosphere  of  the  sun  by  a  flow  of  gas 
firom  the  interior  of  the  globe. 

Wc  are  led  by  these  considerations  to  admit  of  forces  other  than 
atomic  motions  during  the  expansion  of  the  gas.  Why  may  we 
not  have  recourse  to  electrical  forces,  well  known  by  experiment, 
and  which  nevertheless  produce  mysterious  results  in  nature, 
cither  by  their  sudden  and  unexpected  appearance,  as  in  fire-balls, 
or  by  their  unlimited  power  in  storms  ? 

It  is  worthy  of  remark  that  this  region  on  the  sun  appeared  again  on  July 
1,  at  the  eastern  limb,  in  the  same  state  of  violent  agitation.  At  9^  40™,  Kalocsa 
mca.li  time,  a  prominence  appeared,  extending  from  70°  40'  to  72°  14'  from  the 
celestial  pole,  or  at  +  16°  2'  heliographic  latitude.  It  was  of  medium  height,  and 
of  dazzling  brightness;  it  was  very  near  the  spot,  which  it  partly  covered  just  as 
the  spot  came  into  view.  (One  point  in  the  mass,  at  71°  16',  was  the  source  of  a 
continuous  spectrum;  a  faint  band  of  light  extended  across  the  whole  field  of 
view;  a  novel  sight  which  lasted  several  minutes.) 

The  light  deviated  beyond  the  edge  of  the  slit  in  the  whole  extent  of  this 
region,  toward  the  red  and  the  blue  at  the  same  time.  The  corresponding  veloc- 
ities were  134  kilometres  per  second  in  one  direction,  and  181  kilometres  in  the 
opposite  direction. 

•This  is  evidently  a  misprint  in  the  *'Comptes  rendus,"  but  in  a  copy  of  the 
paper  received  from  the  author  it  is  not  corrected.  As  will  be  seen  from  the 
table,  the  total  ascent  of  the  top  of  the  prominence  was  74".2.  c.  e.  h. 


Thcfonn  of  the  prominence^  which  rose  immediately  to  45",  was  easily  visi- 
ble in  the  red  lioe  6G77Jn  the  Z),  and  D^  lines  up  to  an  elevation  o(\V\  and  in  the 
lines  6,.  fcj  and  b^  to  a  height  of  12".  Other  metallic  lines  were  not  reversed  ;  tjie 
quite  eommon  line  of  barium  at  614-0.4  was  missing*  and  even  the  corona  line  was 
hardly  Tisible;  a  surprising;  fact,  when  the  violence  of  the  eruption  is  considered. 
Similarly,  the  number  of  lines  which  I  observed  on  June  17  was  not  in  proportion 
to  the  other  phenomena. 


NOTES  ON  SOME  RECENT  SOLAR  DISTURBANCES. 


(1)    The  bright  Solar  Prominence  of  1891,  Sept.  10, 


RKV.  WALTER   SIDGREAVR8. 


The  early  part  of  September  was  marked  by  a  great  revival  of 
solar  activity.  The  largest  gi*oup  of  spots  witnessed  since  June, 
1885,  crossed  the  stio's  disc  between  Aug.  29  and  Sept,  10,  in  ap- 
proximate solar  latitude  22°  N.  Its  first  appearance  on  the  east- 
em  limb  was  sketched  on  Aug.  29  in  latitude  21'  N.,  and  its 
transit  over  the  western  limb  was  observed  both  on  the  screen 
and  in  the  spectroscope,  on  Sept,  10,  in  latitude  22^  N.  A  com- 
paratively small  but  compact  prominence  of  great  brightness  was 
seen  through  the  latter  instrument  at  0.40  G.  M.  T.  It  attained 
its  greatest  height,  about  35"  of  arc»  at  1.50;  when  it  assumed 
the  appearance  of  four  bio  wpipe-jets  intensely  bright  at  the  l>ends. 
This  appeared  to  be  the  time  of  its  greatest  acti\4ty,  judging 
by  its  dimensions,  brightness,  and  rapidity  of  change.  It  was 
watched  until  2,15,  w^hen  the  observer  had  to  leave  it,  and  at  his 
return  at  3.5  no  prominence  was  visible;  but  its  place  on  the  limb 
was  distinctly  marked  by  the  intensity  of  all  the  bright  lines 
which  had  l>een  observed  during  its  appearance:  the  prominence 
as  such  was  extinct.  Twentj^-six  bright  lines  had  been  counted  in 
all.  And  of  these  the  usual  lines  of  the  chromosplicre,C»F,^and  D,» 
were  so  greatly  intensified  that  the  most  inexperienced  obser\'cr 
could  not  have  failed  to  see  the  fonn  of  the  flame  by  any  one  of 
these  colors.  The  well-known  lines  in  the  red,  7055  and  6677  of 
Angstrom's  scale,  and  O,,  D,,  6,,  b^,  b^,  b^  and  h  w*ere  seen  bright 
almost  quite  up  to  the  extreme  height  of  the  prominence ;  while 
the  remaining  13  lines  glowed  only  up  to  about  half  the  average 
height  of  the  chromosphere.  These  were  not  accurately  identified 
but  9  of  them  were  seen  between  ^  5300  and  5400,  and  probably 
belong  to  the  group  of  iron  lines  In  that  region ;  the  other  four 
were  seen  between  the  bb  group  and  F. 

•  Prom  The  Observatory,  October,  1891. 
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A  careful  measurement  of  the  spot  drawing  made  earlier  in  the 
morning  shows  that  a  strong  nucleus  of  a  spot  group  was  exactly 
upon  the  limb  at  the  time  of  the  spectroscopic  observations. 

A  more  detailed  account  of  the  group  of  spots,  as  observed  dur- 
ing its  passage,  may  be  given  later.*  But  in  connection  with  the 
bright  prominence  it  must  be  noted  here  that  the  entire  group  of 
spots  may  be  divided  into  two  parts — a  preceding  and  a  follow- 
ing sub-group.  The  first  of  these  was  not  observed  on  the  limb. 
It  was  well  over  it  on  the  morning  of  the  10th  of  September.  The 
preceding  part  of  the  following  sub-group  appears  to  have  been 
the  seat  of  the  observed  disturbance,  and  this  was  the  most  act- 
ive center  of  the  whole  group  during  its  passage  over  the  solar 
disc.  Both  of  the  sub-groups  were  examined  with  the  spectro- 
scopic on  Aug.  30,  Sept.  3  and  Sept.  4;  when  nothing  unusual 
was  discovered  in  the  first,  while  the  preceding  part  of  the  fol- 
lowing sub-group  gave  evidence  of  great  activity  by  reversion, 
distortion,  and  widening  of  the  C  line,  on  all  the  three  days  of  ob- 
servation. 

The  terrestrial  magnetic  field  may  be  described  as  generally 
more  disturbed  during  the  progress  of  the  spot  than  in  the  pre- 
ceding month,  and  notably  at  the  beginning  and  end  of  its  course. 

But  there  are  no  indications  of  magnetic  disturbance  accom- 
panying the  solar  eruptions  seen  through  the  spectroscope. 
Even  the  brilliant  display  on  the  western  limb,  of  the  10th,  has 
left  nothing  that  can  be  considered  a  record  of  itself  on  the  mag- 
netograph  curves. 

Stoxyhurst  Observatory,  Lancashire. 


(2)     The  Disturbances  of  1891,  June  17. 

H.  H.  TURNER. 

On  1891,  June  17,  10»^  9^"  Greenwich  Civil  Time,  M.  Trouvelot 
projected  the  solar  image  on  a  screen,  when  his  attention  was 
suddenly  arrested  by  an  **  extraordinary  luminous  appearance 
such  as  he  had  never  seen  before." 

**  Close  to  the  western  limb  was  a  bright  spot  subtending  an 
angle  of  3°  on  the  limb  greatly  surpassing  in  intensity  the  most 
brilliant  faculae  he  had  ever  seen.  The  light  was  not  white  as  in 
faculae,but  slightly  yellow,  very  like  that  of  an  incandescent  lamp 

just  before  it  acquires  its  maximum  brilliancy A  minute 

later  there  appeared,  a  little  north  of  this  object,  a  narrow  line  of 


•Sec  paper  by  Rev.  A.  L.  Cortie,  1891,  Nov.,  Observatory  p.  363. 
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facula.  parallel  to  the  limb  and  at  a  little  distance  from  it,  and 
subtending  an  arc  of  5^^  to  6"^,  shtning  with  the  same  kind  of  light 
btit  not  so  brilliantly/' 

After  observing  these  phenomena  for  a  few  minutes,  M.  Trou- 
velot  adjusted  the  spectroscope  on  the  region  and  found  t\vo 
prominences,  **one  at  281''  and  the  other  at  28B"  to  290'/*  (No 
ftirther  explanation  of  these  figures  is  given  in  C,  R,,  No.  25, 
p,  1420,  but  from  comparison  with  the  photographs,  to  be  pres- 
ently mentioned,  it  is  inferred  that  they  are  angles  from  N.  point 
in  the  direction  N.,  E.,  S,,  W,)»  But  it  soon  became  evident  that 
the  phenomena  were  diminishing  in  brilliancy ;  which  was  con- 
firmed on  removing  the  spectroscope  and  again  mounting  an  ocu- 
lar, **La,  ou  quelques  minutes  plus  t5t  etincelait  une  si  eblouis- 
sante  lumi^re,  on  ne  voyait  rien  d'inusit^,  pas  meme  la  plus 
fabiel  trace  de  facule/*  [We  imagine  that  here  M.  Trouvelot  is 
referring  only  to  the  place  formerly  occupied  by  the  bright  light 
at  first  noticed;  and  does  not  mean  that  the  facula  which  ai> 
peared  a  minute  later  had  also  disappeared:  though  this  is  not 
quite  clear  from  his  words.  We  shall  return  to  this  point  im- 
mediately,] The  spectroscope  was  replaced  and  the  prominences 
were  found  to  have  undergone  some  change,  but  to  be  nearly  as 
bright  as  before.  Only  a  few  lines  were  reversed »  however:  C, 
Dj,,  F,  and  G  were  ver_v  bright;  but  besides  these  there  was  only 
A  6676.8,  6,  a  line  in  the  blue,  and  i>erhaps  A  4-394-..S,  Nothing 
was  seen  on  D,  and  Dj.  M.  Trouvelot  continued  to  obsers^e  the 
gradually  diminishing  spectroscopic  phenomena  till  midday  ;  and 
again  on  June  18  from  9^'  20'"  till  2^'  35'",  when  ^*le  calme  est 
r^tabli  et  toute  trace  de  protuberance  Eruptive  a  disparu/*  In 
the  afternoon  of  June  17,  observ^ations  were  made  quite  indepen- 
dently b}'  M.  Jules  Fcnyi,  at  Kalocsa.  He  refers  to  the  disturbed 
region  (now  marked  by  the  facula  alone?)  as  **un  groupe  de 
taches  en  train  de  se  dcvelop]>cr  a  21^  de  latitude,  qui  allait,  selon 
notrecalcul,  franchir  le  bord  occidental  du  Soleil  h  282"^  du  pAle 
celeste/*  But  his  observations  were  confiined  to  the  neighbor- 
ing prominences,  whose  enormous  velocit>^  in  the  line  of  sight 
struck  him  at  once.  Careful  measurements  gave  as  the  value  of 
this  velocity'  300  to  400  kilometers  per  second ;  and  the  rapid  de- 
velopment of  the  prominence  from  a  height  of  111''  to  257"  indi- 
cated  a  velocity  of  about  500  km.  per  second  transverse  to  the 
line  of  sight.  The  resultant  vclocit>%  even  allowing  only  a  mod- 
derate  component  in  the  third  direction,  may  have  at  times  reached 
lOOO  km.  per  second !    If  the  appearances  are  due  to  matter  in 
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actual  motion  with  such  velocity  as  this,  it  would  of  course 
escape  from  the  Sun*s  attraction. 

In  concluding  his  account  of  the  phenomenon,  M.  Trouvelot 
compares  it  to  that  simultaneously  observed  by  Carrington  and 
Hodgson  (Monthly  Notices,  XX,  pp.  13-16)  on  1859,  Sept.  1, 
which  was  accompanied  by  marked  magnetic  disturbances ;  and 
he  asks  whether  such  was  also  the  case  on  Sept.  17.  On  examin- 
ing the  Greenwich  photographic  records,  we  find  a  very  minute, 
though  unmistakable,  disturbance  at  almost  precisely  the  time 
noted  by  Trouvelot.  It  is  not  quite  clear  from  his  account 
whether  he  began  observing  at  10''  7'"  (10^^  16™,  Paris  time),  or 
whether  the  bright  spot  suddenly  appeared  then.  But  it  is  clear 
that  the  disappearance  was  very  rapid,  and  the  whole  phenome- 
non very  short-lived.  Now  at  10*'  7"',  within  a  very  small  limit 
of  error,  there  was  a  sudden  small  disturbance  of  all  three  mag- 
nets (registering  declination,  horizontal  force,  and  vertical  force), 
as  will  be  seen  from  the  appended  diagram  for  2  of  the  elements. 
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The  disturbance  is  smaller  than  many  others  on  the  same  day, 
although  the  day  itself  was  ver\'  quiet;  but  it  differs  from  others, 
one  of  \s'hich  (at  about  3'*)  is  shown  for  comparison  in  its  abrupt- 
ness, which  is  clearly  shown  in  all  three  curves.  The  change  in 
declination  is  only  about  l',and  in  H.F.  0.0005  of  the  whole  H.F. 
We  may  compare  with  these  the  change  of  17'  in  declination,  and 
0.0064  of  the  whole  H.F.,  which  took  place  on  1859,  Sept.  1, 
simultaneously  with  the  Carrington-Hodgson  disturbance,  and 
the  tremendous  magnetic  storm  which  went  on  for  some  days, 
during  which  the  changes  were  much  larger  still ;  and  it  becomes 
obvious  that  the  phenomena  of  June  17  were  of  an  entireh'  diflfer- 
ent  order  of  magnitude. 


Two  photographs  of  the  Sun  were  taken  at  Greenwich  curiously 
near  the  time  of  M.  Trouvclot^s  observation  —  one  at  10"  19"'  53* 
G.  C.  T.,  and  another  at  10"  51"'  53^  Both  show  the  facula 
described  by  M.  TrouYelot»  but  there  is  no  trace  of  anything 
extraordinani':  nor,  indeed^  should  there  be,  according  to  M, 
Trouvelot's  account,  for  the  brilliant  region  had  disappeared 
within  a  few  minute  safter  10"  7'". 
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Since  the  presentation  of  my  last  paper  on  this  subject  at  the 
meeting  of  the  British  Association,  solar  work  has  become  of 
much  more  general  interest  on  account  of  the  publication  of  two 
valuable  papers  by  M.  Deslandres  and  Professor  C.  A.  Young. 
The  first  of  these  appeared  in  the  "  Comptes  rendus ''  for  Aug,  17, 
1891/  and  described  M,  Delandres*  investigations  at  the  Paris 
Observatory-  Professor  Young's  **Note  on  the  Chromosphere 
Spectrum"!  was  first  printed  in  Nnture^  Nov,  12,  1891,  In  gen- 
eral the  results  reached  by  both  of  these  investigators  go  to  con- 
firm those  already  published  by  the  writer. 

I  have  recently  had  the  pleasure  of  visiting  M.  Delandres  at  the 
Paris  Observatory,  and  he  has  very  kindly  shown  me  the  appa- 
ratus used  in  his  research.  I  was  much  gratified  to  learn  how 
completely  my  results  were  confirmed  with  instruments  of  a  verv' 
different  kind.  In  my  last  paper  some  hesitancy  was  expressed  in 
assigning  the  line  close  to  H^  and  just  above  it,  to  hydrogen,  but 
at  present  there  can  be  no  doubt  on  this  point.  The  opinion 
already  ventured  that  the  line  is  due  to  hN^drogen  has  been  borne 
out  by  photographs  made  here,  in  which  the  line  is  strong,  and 
none  of  the  **  ghosts"  of  H  and  K  are  v^isible.  The  hydrogen  lines 
both  above  and  below  H  are  shown  on  the  same  plates,  and, 
apart  from  the  ghost  question,  there  would  be  no  reason  to  expect 
that  the  intermediate  line  of  the  series  would  be  missing.  More- 
over, M.  Delandres  has  photographed  the  same  line  w4th  prisms, 
in  which  case  there  could  be  no  troulile  from  ghosts.  Though  his 
dispersion  was  too  small  to  allow  of  a  crucial  test,  the  exact  coin- 
ctdence  of  the  line  with  the  corresponding  one  from  a  hydrogen 
tu\ye  must  be  regarded  as  practically  settling  the  matter,  when  it 
is  also  considered  that  Professor  Young  has  photographed  the 
same  line  \Wth  a  grating  almost  wholly  free  from  ghosts. 
*  See  pagt  60.  f  See  page  59. 
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It  is  curious  that  in  regard  to  theduplicity  of  the  line  hydrogen  a 
(3889)*  Professor  Young's  results  diflfer  so  widely  from  my  own. 
He  has  always  found  the  line  single,  and  therefore  concludes  that 
**the  companion  line  makes  its  appearance  only  rarely."  Out  of 
a  very  large  number  of  photographs  made  at  this  Observatory  of 
the  prominence  and  chromosphere  spectrum,  the  line  hydrogen  a^ 
is  shown  in  but  eighteen.  In  eleven  of  these,  made  on  five  diflFer- 
ent  dates,  the  line  is  a  sharp  and  beautiful  double,  and  the  duplic- 
ity is  certainly  not  the  result  of  poor  focusing  or  ghosts.  Profes- 
sor Rowland  has  examined  the  plates,  and  testified  to  this  last 
point.  Of  the  other  seven  plates  the  duplicity  is  doubtful  in  three 
owing  in  one  case  to  the  breadth  of  the  line,  in  another  to  poor 
focusing  on  the  sun's  limb,  and  in  the  third  to  under  exposure. 
Two  plates,  the  first  made  with  radial  slit  on  July  4,  1891,  and* 
the  other  with  tangential  slit  on  Oct.  20,  1891,  (in  the  eruption 
to  be  described  presently)  certainly  show  the  line  single,  only  the 
upper  component  (that  due  to  hydrogen)  being  present.  Certain 
peculiarities  in  both  of  these  plates  should  be  mentioned.  In  that 
taken  with  radial  slit  on  July  4  a  diaphragm  cut  off  the  light  for  a 
short  distance  above  the  sun's  limb,  so  that  only  the  upper  part  of 
the  prominence  lines  is  shown.  Strange  to  say,  the  hydrogen  line 
close  to  H  is  hardly,  if  at  all,  visible,  while  the  upper  component 
of  hydrogen  a^  is  fairly  strong.  In  most  cases  hydrogen  a^  is 
absent  if  hydrogen  e  (near  H)  is  not  well  developed,  and  this  is  so 
generally  true  that  the  strength  of  hydrogen  e  ma^'  be  taken  as  a 
criterion  on  which  the  presence  of  h3'drogen  a^  depends.  The  pho- 
tograph taken  during  the  eruption  of  Oct.  20  is  the  onh-  one  so 
far  obtained  in  which  hydrogen  ^^  is  shown  at  the  same  time  that 
the  distortion  of  K  indicates  motion  in  the  line  of  sight.  Unfor- 
tunately hydrogen  e  was  out  of  the  field  in  this  photograph,  and 
its  relative  strength  could  not  be  determined.  These  peculiarities 
suggest  a  direction  for  future  study,  though  it  may  be  that  they 
have  nothing  to  do  with  the  question  of  duplicity. 

In  the  remaining  two  plates  of  the  eighteen  which  show  hydro- 
gen fltj  we  meet  with  another  condition  which  complicates  the  de- 
termination of  duplicit}'  in  these  instances.  Both  exposures  were 
made  with  a  tangential  slit  slightly  overlapping  the  sun's  limb  at 
the  point  where  the  second  eruption  of  Oct.  20  was  subsiding. 
The  visible  spectrum  of  the  chromosphere  at  the  time  contained  a 
great  many  bright  lines.    In  the  photographs  H,  K,  hydrogen  £,  *;<, 

•Prof  Youn^  has  sngjjcsted  thnt  for  the  sake  of  conformity  with  the  publica- 
tiotfs  of  Dr.  Ht]^)^ns  and  others,  the  Greek  letters  designating:  the  ultra-violet 
hydrogen  series  be  written  with  subscripts:  thus  the  line  mentioned  above  would 
be  cTj,  the  subscript  distinguishing  it  from  a  (C  i. 
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and  /?,  are  strongs  and  the  presence  of  other  lines  is  suspected, 
though  the  rapid  widening  of  the  strip  of  spectrum  toward  the 
ultra-violet  makes  it  impossible  to  be  certain.  H  and  K  are  re- 
markably strong,  and  in  one  of  the  plates  hx'^drogen  a,  also  ex- 
tends across  and  be^^ond  the  strip  caused  by  the  slit  overlapping 
the  limb.  In  the  center  of  the  bright  H  and  K  lines  the  dark  re- 
versal is  Ter3'  prominent  at  the  middle  of  the  strip,  but  at  the 
edges  the  dark  line  disappears.  Both  H  and  K  are  thus  singles 
and  tapering  at  the  ends,  and  expand  at  the  center,  where ^ 
they  each  enclose  a  dark  line.  But  it  is  of  interest  to  note  that 
hydrogen  'l^  is  affected  in  precisely  the  same  manner,  \vhilc  hydro- 
gen i  shows  no  sign  of  the  central  dark  reversal.  As  the  latter 
line  appeared,  however,  on  onh"  one  plate,  it  would  be  hasty  to 
draw  any  conclusions  at  present.  But  in  the  case  of  hydrogen  «, 
we  certainly  seem  to  have  a  true  reversal,  for  if  the  separation  at 
the  middle  of  the  strip  were  due  to  the  duplicity  of  the  line  it 
would  extend  to  the  edges;,  and  this  does  not  seem  to  l^e  so.  The 
distance  between  the  components  of  'i,  when  double  in  the  ordin- 
ar\^  w^ay,  as  determined  on  a  comparator,  is  about  two-thirds 
the  distance  between  the  separated  portions  of  the  apparent  re- 
versal. Moreover^  the  upper  component  of  *i^  falls  exactly  on  tiie 
more  refrangible  portion  of  the  reversed  line;  thus  the  lower  com- 
ponent of  »v,  is  probably  not  present,  for  if  it  were  it  would  be 
seen  to  overliip  the  dark  center  of  the  reversal.  It  is  hoped  that 
further  photographs  will  proWde  material  for  a  complete  study 
of  this  question* 

When  we  examine  the  components  of  the  double  '*^  line  in  a 
number  of  plates,  we  find  in  almost  every  cas^  that  the  (more  re- 
frangi!>le)  line  due  to  hydrogen  is  quite  shaq)ly  defined  at  the 
edges,  and  seems  to  fall  exactly  u|  on  a  bright  space  in  the  solar 
spectrum.  At  times  it  is  even  difficult  to  be  sure  whether  the  line 
is  present,  as  under  certain  conditions  the  ultra-\nolet  hydrogen 
lines  in  a  prominence  are  very  faint,  and  the  bright  space  in  which 
«i  falls  remains  of  sensibly  the  same  intensity.  The  less  refrangi- 
ble component  is  nearly  always  lainter,  broader,  and  less  sharply 
defined  at  the  edges  than  its  companion.  It  does  not  seem  proba- 
ble that  it  is  due  to  hydrogen,  as  no  trace  of  it  has  been  recorded 
in  laboratory'  investigaticms  of  this  spectrum.  No  evidence  of  du- 
pliciiy  ol  this  line  has  been  found  in  photographs  of  stellar  synx'- 
tra^  but  up  to  the  present  time  sufficient  resolving  power  has  not 
been  employed  in  this  part  of  a  star's  spectrvim.  In  two  in- 
stances hydrogen  s  (near  H)  and  hydrogen  */,  have  been  bright 
through  enough  to  show  the  form  of  prominences  photographed 
a  widely  opened  slit. 
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There  seems  to  the  writer  every  reason  to  ascribe  both  H  and 
K  ^n  the  prominences  to  calcium,  at  least  in  so  far  as  we  may  de- 
pend upon  the  coincidence  of  the  lines  with  those  given  by  cal- 
cium in  the  arc,  spark  or  flame.  Negatives  recently  made  here 
show  a  most  perfect  agreement  of  the  dark  lines  in  the  solar  spec- 
trum with  the  bright  Knes  in  prominences  not  affected  by  motion 
in  the  line  of  sight,  and  Professor  Rowland,  using  enormous  dis- 
persion, has  found  the  dark  lines  in  question  to  coincide  exactly 
with  the  calcium  lines  given  by  short  exposure  to  the  arc.  The 
calcium  line  at  /  4226.3,  though  carefully  searched  for,  has  not 
been  found  in  the  prominence  spectrum,  but  Professor  Rowland 
has  recently  informed  me  that  in  appearance  and  behavior  in  the 
arc  this  line  is  entirely  different  from  H  and  K.  Its  absence  from 
the  prominences  is  therefore  not  greatly  to  be  wondered  at.  I 
hope  soon  to  determine  the  position  of  the  bright  H  and  K  lines 
with  an  observing  telescope  of  twice  the  focal  length  of  that  now 
employed.  At  the  same  time  I  cannot  share  in  the  doubts  ex- 
pressed by  Professor  Young  in  regard  to  the  origin  of  the  lines, 
and  have  little  hesitation  in  ascribing  them  to  calcium. 

The  relative  intensities  and  heights  of  H  and  K  have  been  com- 
pared in  a  large  number  of  plates,  the  result  being  that  K  is  al- 
most invariably  more  intense  (and  higher  when  radial  slit  is  used) 
than  H.  In  one  or  two  cases  the  intensities  seem  to  be  about 
equal,  or  even  incline  toward  a  greater  intensity  for  H,  but  this 
is  yet  to  be  established.  A  prominence  seems  to  have  about  the 
same  form  in  both  lines,  and  distortions  due  to  motion  in  the  line 
of  sight  in  all  plates  so  far  examined  differ  but  little.  Where  dif- 
ferences exist,  they  may  presumably  be  ascribed  to  the  usually 
greater  brightness  of  K.  These  points  are  well  illustrated  in 
Plate  IV.  The  expansion  of  H  and  K  where  the  base  of  a  prom- 
inence merges  into  the  chromosphere  has  been  mentioned  in  a  pre- 
vious paper.  A  recent  photograph  supplements  the  evidence  thus 
afforded  by  the  radial  slit.  In  it  the  slit  is  tangential,  and  lies 
across  the  chromosphere,  just  in  contact  with  the  limb,  though 
not  overlapping  it.  On  either  side  of  the  point  of  tangenc^-  a 
prominence  rose  high  enough  to  be  cut  by  the  slit.  In  the  photo- 
graph the  chromosphere  reversals  are  more  than  twice  as  broad 
as  the  narrow  and  more  sharply  defined  prominence  lines. 

In  my  last  paper  mention  was  made  of  a  solar  eruption  photo- 
graphed by  my  brother  and  sister,  W.  B.  Hale  and  Martha  D. 
Hale,  who  were  engaged  in  the  regular  work  of  the  Observatory 
during  my  absence.  Inquiry-  was  made  of  M.  Tacchini,  M. 
Trouvelot,  and  others,  but  no  record  of  the  eruption  other  than 


that  made  here  could  he  found.  I  have  recent h^  received  a  letter 
from  Herr  JuHus  Fenyi,  S.  J.,  Director  of  the  Haynald  Observa- 
tor^'  at  Kalocsa,  Hungar\%  which  is  of  such  interest  in  this  con- 
nection that,  with  his  {>erniission,  a  translation  is  given  below : 

'*  I  think  that  it  will  be  very  interesting  to  you  to  learn  that  the 
sudden  formation  of  a  prominence  observed  at  your  *  scientific 
institute*  on  July  8,  1891,  at  23*»  45"',  Chicago  m.  t.,  and  men- 
tioned in  your  verj'  interesting  article  in  *  Memorie  degli  Spettro- 
scopisti'  on  *  The  Ultra-Violet  Spectrum  of  the  Solar  Promi- 
nences,*  was  by  a  singular  chance  also  observed  simultaneously 
in  Kalocsa,  The  observation  was  first  possible,  on  July  9,  at 
7'*  P,  M.  Enclosed  I  send  for  comparison  a  copy  of  the  drawing 
of  the  form  made  at  the  telescope  at  the  time.  The  height  waa 
measured  by  means  of  transits  across  the  slit  between  7**  4Vi"* 
and  about  7''  6"\  and  found  to  be  204",  in  excellent  agreement 
with  vour  determination  of  80,000  miles.  In  the  journal  of  ol> 
servations  it  is  recorded  that  at  7''  19'"  (Kalocsa  m.  t,)  the  pro- 
jection (at  69°)  had  almost  entirely  disappeared,  only  a  few  v^ry 
faint  fragments  remaining.  As  Kalocsa  —  Chicago  =:  T'  6'"  you 
observed  the  uprush  according  to  your  statement  on  July  9, 
11"  45"',  Chicago  m,  t.  or  July  9,  6"  51'"  Kalocsa  m.  t.  My 
drawing  and  measure  of  position  were  finished  at  about  7**  0'*\ 
after  which  the  transits  were  taken,  which  were  soon  disturbed 
by  clouds.  The  observations  must  thus  have  been  made  at  ex- 
actly the  same  time. 

**This  phenomenon,  remarkable  in  itself  for  its  unusually  great 
size,  arouses  a  particular  interest  because  of  its  relation  to  a 
spot-group  at  that  time  on  the  other  side  of  the  sun.  It  is  at 
this  remarkable  place  on  the  sun  where,  ever  since  May,  such 
magnificent  phenomena  and  constant  eruptions  have  hapj^ened. 
I  am  just  sending  an  article  to  M.  P.  Tacchini  on  the  extraor- 
dinary phenomena  observed  on  July  24  at  this  place  on  the  sun 
(west  limb).  As  this  region  ])assed  over  the  limb  on  JuW  11,  I 
also  observed  an  important  eruption  there;  the  point  is  marked 
on  the  drawing  (which  accompanied  the  letter)  by  a  red  cross. 
These  places  are  of  course  given  on  the  drawing  only  as  there- 
suit  of  accurate  calculation, 

"I  therefore  believe  that  the  great  prominence  observed  on 
July  9  was  the  product  of  an  eruption  rising  from  this  spot  re- 
/^*orf,  or  perhaps  not  far  from  the  nearest  great  spot»  and  that 
what  we  saw  was  only  that  part  of  the  far-reaching  mass  of 
the  prominence  which  extended  above  the  sun's  limb.  The  fact 
that  I  saw  no  metallic  lines  supports  this  view,  as  these  usually 
appear  only  at  the  base.    If  this  great  prominence  had  been  at 
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the  place  of  the  emption  of  July  11,  it  would  have  been  distant 
24^.6  from  the  limb ;  the  reduction  of  its  apparent  height  would 
have  amounted  to  98''.  I  observed  with  a  7-in.  refractor  and 
a  6  prism  automatic  spectroscope  by  Hilger,  in  the  C  line. 

"The  places  mentioned  are  at  the  following  heliographic  posi- 
tions : 

"Eruption  of  July  11,  4^  12"  p.  m.  Kalocsa  m.  t.;  heliographic 
latitude  +  17°.2  to  22°.8 ;  longitude  124°  : 

"Prominence  of  July  9,  7^  p.  m.;  latitude  21°.7  to  29°.8;  longi- 
tude 149°." 

It  is  certainly  a  remarkable  coincidence  that  simultaneous  ob- 
servations of  an  eruption  lasting  but  about  15  minutes  should 
have  been  made  from  stations  so  widely  separated.  The  more  so 
from  the  fact  that  the  sun's  limb  must  be  examined  piecemeal  by 
the  spe^ctroscopist,  and  but  a  small  portion  can  be  seen  at  a  single 
position  of  the  instrument.  By  a  mistake  in  the  paper  mentioned 
by  Herr  F^nyi  Central  Time  was  recorded  as  Chicago  Mean 
Time.  Adding  the  necessary  correction  it  is  found  that  the  pho- 
tograph reproduced  in  Plate  III*  for  comparison  with  Herr  F^n- 
yi's  drawing  was  made  at  11*^  55*"  Chicago  m.  t.,  or  7^  1"  Kaloc- 
sa M.  T.  It  will  be  seen  that  the  photographs  made  in  H  and  K, 
though  very  poorly  reproduced  by  the  process  employed,  show  a 
striking  agreement  with  Herr  F€nyi*s  drawing.  The  photo- 
graph, mo.reover,  does  what  the  eye  could  not  do,  for  it  shows 
the  part  played  in  the  prominence  by  calcium,  while  for  the 
drawing  the  hydrogen  line  C  was  used.  A  photograph  of  the 
spectrum  of  the  prominence  with  radial  slit  was  made  here  at 
11^  45m  Chicago  M.  T.,  or  1(V"  before  that  of  the  form.  Hand 
K  are  the  only  bright  lines  shown;  even  hydrogen  s  (near  H)  is 
absent.  Both  H  and  K  are  distorted  toward  the  red,  and  indi- 
cate a  velocity  of  about  58  miles  per  second  away  from  the 
earth.  Drawings  were  made  here  before,  during,  and  after  the 
eruption,  which  was  estimated  to  have  lasted  about  15  minutes. 
Two  hours  later  the  form  and  spectrum  of  the  remaining  por- 
tion of  the  base  of  the  prominence  were  also  photographed. 
Very  little  remained  at  this  time,  but  it  is  interesting  to  note  that 
in  addition  to  H  and  K,  hydrogen  e  and  a^  (double)  are  present. 
As  they  extend  but  a  short  distance  from  the  limb  it  is  possible 
that  their  absence  in  the  photograph  made  during  the  eruption 
may  thus  be  accounted  for,  as  the  limb  was  then  covered  by  a 
diaphragm.  The  eruption  seen  by  Herr  Fenyi  on  July  11  was 
missed  here  on  occount  of  clouds.  The  suggestion  that  the 
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eruption  of  July  9  "had  its  origin  in  the  spot-group  which  did  not 
arrive  on  the  limb  until  July  11  does  not  seem  an  improbable  one. 
At  the  same  time  the  absence  of  metallic  lines  is  hardly  a  convinc- 
ing argument  in  its  favor,  as  they  do  not  seem  to  be  the  invaria- 
ble accompaniments  of  such  eruptions. 

On  Oct,  20,  1891,  I  observed  and  photographed  two  interest- 
ing eruptions  at  114  .  At  10*'  35™  a,  m.,  Chicago  m.  t.,  I  veas 
looking  for  prominences  with  an  annular  slit,  which  allowed 
about  90^  on  the  limb  to  be  seen  at  once,  and  suddenly  noticed 
some  bright  filaments  at  a  considerable  distance  from  the  limb. 
The  annular  slit  was  immediately  replaced  by  the  straight  one 
ordinarily  employed.  With  this  open  to  its  fullest  extent  an  ex- 
plosive prominence  was  seen  rising  in  detached  vertical  filaments 
to  an  elevation  of  about  4'  15"  or  107,000  miles.  Light  clouds 
soon  covered  the  sky,  and  photographs  of  the  spectrum  only  were 
made.  The  prominence,  as  observed  through  C,  changed  rapidl}^ 
in  form,  hut  no  lines  were  se^n  in  its  spectrum  other  than  C,  D,* 
and  P,  the  latter  being  very  faint.  A  line  was  seen  for  a  short 
time  just  above  D^,  and  about  one-quarter  the  distance  between 
Dj  and  D,  away  from  it,  but  it  may  have  been  a  ghost  of  I),,  In 
the  photographs  of  the  spectrum  only  H  and  K  are  present, 
hydrogen  i  and  «,,  as  might  be  expected  from  the  faintness  of  F, 
being  absent.  The  distortion  of  H  and  K  in  all  the  photographs 
is  toward  the  violet,  as  is  shown  by  the  lower  figure  of  Plate  IV,' 
which  is  enlarged  about  three  times  from  the  original  negative, 
without  retouching.  The  velocity  toward  the  earth,  as  measured 
^roni  the  maximum  displacement  of  K  in  this  plate,  is  about  64 
piles  per  second.  At  11**  48"*  I  returned  to  the  telescope,  after 
laving  been  absent  a  few  minutes  in  the  dark-room.  The  great 
filamentous  prominence  had  disappeared,  and  in  its  place  was 
seen  a  long  chain  of  bright  prominences  about  I'high,  which 
changed  rapidly,  and  showed  some  distortion  in  C.  In  the  spec- 
trum of  the  chromosphere  at  the  base  F  was  very  bright,  the  b 
lines  reversed, but  D,  and  D^  were  unaffected,  A  photograph  with 
the  slit  tangent  at  this  point  does  not  show  hydrogen  ^j^  bright, 
a  point  to  be  noted  in  connection  with  the  unusual  brightness  of 
F.  K  was  of  course  reversed,  but  H  and  hydrogen  e  were  beyond 
the  edge  of  the  plate. 

Observations  weiT  resumed  at  2**  16"*,  when  I  was  surprised  to 
find  that  the  long  line  of  low  prominences  had  completely  disap- 
peared, giving  place  to  a  beautiful  column  rising  to  a  height  of 
about  2',  and  instantly  reminding  me  of  the  eruption  of  a  great 
geyser,  C  and  D^  were  somewhat  distorted  toward  the  violet, 
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F  was  fairly  bright, and  the  b  lines  were  not  reversed.  The  upper 
part  of  the  prominence  appeared  like  a  cloud  of  sprdy  blown  out 
by  a  violent  wind;  it  was  seen  to  be  falling  rapidly,  and  in  about 
fifteen  minutes  the  end  had  met  the  chromosphere.  The  photo- 
graph used  for  the  illustration  in  plate  lY  was  made  at  2^  30™. 
In  reproducing  it  no  retouching  was  allowed,  so  that  though 
much  of  the  detail  and  contrast  of  the  original  negative  were  un- 
avoidably lost,  the  result  is  a  picture  in  which  no  personal  bias 
enters,  as  it  is  the  outcome  of  purely  photographic  processes.  The 
illustration  is  about  three  times  the  size  of  the  original.  It  will  be 
seen  that  the  image  in  H  is  not  nearly  as  good  as  that  in  K, 
probably  on  account  of  the  greater  brightness  of  the  latter.  The 
form  is  very  similar  to  that  shown  in  a  drawing  made  about  the 
same  time  through  C.  The  slit  was  very  wide,  and  even  with  the 
convenient  broad  bands  in  this  region  of  the  spectrum  proper 
contrast  was  difficult  to  obtain. 

At  3**  28"  the  prominence  was  seen  to  be  breaking  up,  and  a  few 
minutes  later  the  chromosphere  at  the  base  was  found  to  contain 
a  great  number  of  bright  lines,  including  Dj,  D.^,  D,  {brilliant),  ftj, 
6„  6„  b^,  and  many  others.  The  photographs  mentioned  on  page 
00  as  showing  a^  reversed,  were  made  at  this  time.  The  sun  was 
so  low  that  observation  had  to  be  given  up  at  4**  28"',  and  the  nu- 
merous chromosphere  reversals  could  not  be  recorded.  When  last 
seen  the  prominence  was  greatly  broken  up,  and  bore  no  resem- 
blance to  the  form  shown  in  the  photograph  made  two  hours 
earlier. 

On  the  following  day  a  group  of  rather  bright  faculae  was  seen 
near  where  the  two  eruptions  occurred.  Two  bright  and  Airly 
active  prominences  were  on  the  limb  at  the  same  position  angle. 
On  Oct.  22  two  spots  with  bright  faculae  had  advanced  on  to  the 
disc  at  this  point.  With  a  wide  slit  a  small  bright  prominence 
was  seen  on  the  disc  near  the  larger  spot,  and  extending  over  part 
of  the  surrounding  region. 

In  his  paper  in  the  **Comptes  rendus,'*  a  translation  of  which 
is  given  on  another  page,*  M.  Deslandres  has  objected  to  the 
methods  of  prominence  photography  proposed  some  time  ago  by 
the  writer,  because  theyseem  to  apply  only  to  single  prominences 
and  not  to  the  whole  circumference  of  the  sun.  Of  some  of  the 
earlier  schemes  devised  the  criticism  is  a  sound  one,  but  when  the 
apparatus  mentioned  in  my  last  paper  is  completed  it  is  believed 
that  its^range  will  be  much  less  limited.  In  a  paper  published  in 
1890  IJproposed  that  a  series  of  photographs  of  i)rominences  be 
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taken  at  equal  intervals  of  time,  thus  giving  a  means  of  deter- 
mining their  velocities  in  two  directions-  For  the  velocity  in  the 
third  direction — the  line  of  sight — a  series  of  photographs  with 
narrow  slit  should  be  taken  simultaneously  with  the  others,  the 
exact  time  of  exposure  being  noted  in  all  cases.  Thus  the  true 
motion  of  a  prominence  may  readily  be  determined.  It  is  evident 
that  for  motions  in  certain  directions  a  correction  for  the  effect  of 
aberration  must  be  introduced,  as  M,  Fizeau  has  pointed  out,* 
when  the  accuracy  of  the  measures  is  great  enough  to  require  it. 
Kenwood  Astro^Phvsicai.  Observatory, 
Chicago,  December  14,  1891. 
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All  articles  and  correspoinlcticc  relating  to  spectroscopy  and  other  subjects 
projierly  included  in  AsTRn-riivsics  should  be  ftddressed  to  George  E.  Hale,  Ken- 
wood Astro-Phyaical  ObBcrvalory,  Chicago,  U.  S.  A.  Authors  of  papcni  are 
requested  to  refer  to  paj^c  96  for  information  in  regard  to  illustrations,  etc* 


Dr.  Henry  Crew  writes  from  the  Lick  Observatory  of  a  very  persistent  promi- 
nence observed  thereon  Xov»  26,  27  and  28,  1891.  It  appeared  on  the  western 
limb  of  the  sun,  near  the  equator,  just  where  two  spots  went  oflTon  Nov.  26.  Its 
changes  in  form  were  very  gradual,  and  when  last  seen  on  Nov,  28  it  appeared  to 
be  breakin;^  up*  The  spectrum  of  thi^  prominence  w^as  photographed  at  the  Ken- 
wood Observatory  on  Nov.  26,  but  cloudy  weather  prevented  ue  from  taking  any 
photo^nphs  of  the  form,  which  would  have  been  valuable  for  comparison  with 
Dr.  Ocw*s  drawings.  His  observations  were  made  with  the  6-iach  telescope,  as 
no  definition  is  obtainable  with  the  d6-inch  during  the  daytime* 


The  reception  given  by  Mrs.  Henry  Draper  to  the  members  of  the  National 
Academy  of  Sciences  on  the  occasion  of  its  recent  meeting  in  New  York  was  in 
every  respect  most  enjoyable.  In  the  laboratory,  so  long  used  by  Dn  Draper  in 
his  sjiectroscopic  investigations,  Protissor  E.  C,  Pickering  gave  an  illustrated  lee* 
turc  on  the  recent  advances  in  the  work  of  the  Henry  Draper  Memorial.  Of  the 
magnitude  and  importance  of  this  work  nothing  need  be  said  here.  Certainly  no 
better  or  more  lasting  memorial  could  l)c  raised  to  a  scientist. 


The  universal  spectroscope  just  completed  by  Brashear  for  Professor  Young  is 
probably  the  most  picrfcct  instrument  of  its  kind  in  use.  It  is  expected  that  a  fully 
itlustratcd  description  of  it  may  soon  be  printed  as  one  of  the  papers  in  our  i 
on  *'Thc  Modern  Six-ctrost  o|je." 


The  Paris  Ohscrvacory  is  to  be  congratulated  on  having  a  most  efficient  head 
for  its  spectroscopic  department  in  the  person  of  M.  Henri  Deslandrcs.  The  work 
olrcady  accomplished  by  this  skillful  investigator  is  of  the  highest  order,  and  ad- 
ditional important  results  may  C0QfideTitl3"  be  looked  for  in  the  counse  of  his  re< 
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searches.  In  addition  to  his  study  of  the  prominence  spectrum  with  the  Foucault 
siderostat  some  successful  experiments  have  been  undertaken  on  stellar  motion  in 
the  line  of  sight,  and  the  four-foot  reflector  is  being  re-mounted  for  a  continuation 
of  this  w^ork. 


The  spectrograph  at  the  Potsdam  Observatory  has  been  dismounted  ior  some 
time,  as  the  motions  of  all  stars  within  the  capacity  of  the  telescope  have  been 
already  determined.  An  effort  is  being  made  to  secure  a  30-inch  refractor  with  a 
oew^  spectroscope,  in  order  to  include  much  fainter  stars  in  the  investigation. 
Professor  Vogel  will  probably  visit  this  country  during  the  coming  summer  to  ex- 
amine the  construction  of  the  Lick  telescope  and  other  large  instruments. 


Professor  Rowland  will  soon  publish  a  list  of  the  wave-lengths  of  1000  stand- 
ard lines,  to  accompany  his  photographic  map  of  the  solar  spectrum.  Such  a 
Hst  will  be  universally  welcomed  by  spectroscopists,  as  it  will  remove  all  the  diffi 
colties  hitherto  encountered  in  the  use  of  the  map.  A  third  dividing-engine 
for  ruling  gratings  is  just  being  completed  and  Professor  Rowland  already  has 
in  mind  a  concave  grating  of  so  large  a  size  that  it  can  be  used  directly  for  stellar 
spectra,  without  a  telescope.  If  such  an  instrument  could  be  made  it  would  pos- 
sess many  important  advantages.  At  present,  however,  a  good  6-inch  concave 
grating  is  so  difficult  to  obtain  that  we  may  have  to  wait  a  long  time  for  any- 
thing larger. 

The  powerful  carbon  disulphide  spectroscope  at  the  Nice  Observatory  still 
stands  just  as  it  was  left  at  M.  Thollon*s  death.  No  one  has  yet  been  found  to 
take  up  the  spectroscopic  work  at  Mont  Gros,  and  it  does  not  seen  likely  that  the 
great  map  of  the  solar  spectrum,  which  was  more  than  half  finished  by  M.  Thol- 
lon,  w^ill  be  completed  for  some  time  to  come.  M.  Cornu  is  devising  a  new  spec- 
troscope, which  will  be  fitted  to  the  30-inch  refractor  for  stellar  work. 


Dr.  and  Mrs.  Huggins,  with  their  untiring  energy,  arc  at  work  on  the  visual 
spectrum  of  the  Great  Nebula  in  Andromeda,  and  they  hope  soon  to  prepare  a 
paper  embodying  their  results.  Anyone  who  has  examined  this  excessively  faint 
spectrum  will  appreciate  the  very  great  difficulty  of  the  work.  Dr.  and  Mrs. 
Huggins  observe  independenth',  and  each  makes  a  full  record  in  the  note-book 
without  knowing  what  the  other  has  seen.  Thus  entire  freedom  from  personal 
bias  is  secured.  With  the  pain-staking^care  put  into  their  work,  it  is  not  surpris- 
ing that  their  observations  have  the  highest  reputation  for  excellence  and  relia- 
bility.   

We  have  recently  received  from  Rev.  Walter  Sidgreaves,  of  Stony  hurst  Obser- 
vatory an  enlargement  on  paper  of  the  group  b  in  the  solar  spectrum.  It  was 
made  with  a  14-,438  Rowland  plane  grating,  and  shows  remarkably  good  defini- 
tion. The  scale  is  somewhat  greater  than  that  of  Rowland's  map,  which  is  sur- 
passed in  the  number  of  faint  hnes  shown.  In  fact,  some  lines  seem  to  be  present 
which  are  not  found  on  Thollon's  great  map  of  this  region.  But  in  spite  of  such 
excellent  definition  "line  No.  17  of  Mr.  Winlock's  maps  (Proceedings  of  American 
Academy)  is  so  faint  on  all  my  negatives  that  it  can  only  just  be  discovered  with 
a  very  careful  search."  Have  we  here  an  indication  of  variability  in  the  intensity 
of  a  line?  It  is  almost  to  be  expected  that  cases  of  certain  variability  would  be 
established  if  a  sufficiently  thorough  and  prolonged  investigation  were  under- 
taken. The  endless  variety  of  stellar  spectra  clearly  indicate  important  changes 
during  the  process  of  evolution  from  nebula  to  star,  and  in  the  course  of  years  we 
may  be  able  to  draw  valuable  conclusions  from  variations  in  solar  lines.  In  addi- 
tion to  gradual  changes,  it  is  by  no  means  impossible  that  there  may  be  tempo- 
rary variations  in  absorptive  power  due  to  differences  in  spot  or  prominence  ac- 
tivity. 


CURRENT  CELESTIAL  PHENOMENA. 


Our  plan  in  conducting?  this  department  of  AsTKoKOiJv  anu  AsTR»>Pll\T5rcs 
wili  be  cssentiiilly  the  same  as  that  pursued  in  The  SiiiERE.vu  Messenger.  We 
sh«ll  aim  to  jjivc  notice,  one  month  in  advance,  of  the  predicted  phenomena  for 
each  month*  and  also  to  state  briefly  the  results  of  observations  which  arc  re- 
ported. 

It  seems  best  to  give  the  timejt  of  |»henomena  in  civil  time  and  to  adopt  the 
standard  times3''stcm  in  common  use  in  the  United  States.  Central  time,  which 
will  be  generally  used,  is  the  time  of  the  90^  meridian  from  Greenwich,  which 
passes  through  the  central  part  of  the  United  States.  The  standard  times  of 
rising  and  setting  of  the  planets  vary  with  the  place  of  the  observer.  They  are 
calculated  for  the  90  th  meridian,  and  hititudc  44'^  28'.  For  other  places  not 
difTering  greatly  in  latitude  the  approximate  standard  times  will  be  obtained  by 
adding  or  subtracting  the  difference  between  local  and  standard  time  at  the  place 
of  observation. 

The  times  of  occultations  of  stars  by  the  moon,  wl  ich  also  vary  considerably 
with  the  latitude  and  longitude  of  the  observer,  arc  given  in  Washington  time 
for  the  meridian  of  Washington,  the  data  being  taken  without  change  from  the 
Amertcan  Iiphemcris, 

Ephemerides  of  comets  will  be  given  onc'month  in  advance  when  possible.  In 
every  case  the  latest  and  most  accurate  data  available  will  be  used. 


PLANET  NOTES  FOR  FEBRUARY. 


Mercury  during  February  will  be  west  of  the  sun,  and  too  close  to  the  rays  of 
the  latter  to  Ijc  seen  with  the  naked  eye.  Daylight  observations  of  its  gtbbotts 
phase  ma^'  be  obtained  bv  those  having  use  of  large  telescopes. 

Venus  and  Jupiter  are  the  two  brilliant  "evening  stars**  in  the  southwest, 
Venus  the  more  brilliant  of  the  two.  On  the  morning  of  Feb.  6^  while  they  are 
invisible  from  this  part  of  the  world,  these  two  planets  will  be  in  conjunction. 
They  will  be  so  close  together  that  the  unaided  eye  would  be  unable  to  separate 
them,  and  possibly,  if  an  observer  on  the  other  side  of  the  earth  is  able  to  watch 
them  with  a  telescope,  he  will  sec  an  occultation  of  Jupiter  by  Venus.  After  this 
Venus  will  move  eastward,  so  that  at  the  end  of  the  month  they  will  be  about  20° 
apart, 

In  another  place  Mr.  Barnard  calls  attention  to  the  fact  that  the  new  large  red 
spot,  which  lately  api:»eared  in  the  second  dark  belt  south  of  Jupiter^s  equator, 
has  disappeared:  also  that  the  small  dark  spots  on  the  edge  of  one  of  the  north- 
ern belts  have  developed  into  a  new  narrow  belt.  The  great  red  spot  became 
more  conspicuous  this  year  than  last  and  is  now  a  striking  object  upon  the 
planet.  There  have  been  changes  also  in  the  white  equatorial  belt,  A  very 
narrow  dark  belt  was  observed  almost  exacth'  on  the  c<:iuator  on  several  nights 
in  September.  On  December  17  this  was  invisible  but  the  whole  eqtiatorial  belt 
was  far  from  white  and  was  611ed  with  dusky  cloud  forms,  most  of  them  curving 
backward  from  the  belts  on  cither  side  toward  the  equator,  and  toward  the  east 
Umb  of  the  planet.  The  great  red  spot  and  a  small  but  brilliant  white  spot,  just 
skirting  its  southern  edge,  passed  the  central  meridian  of  Jupiter  together  at 
4:44  p.  u.,  central  time,  D«c.  17^ 
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Mars  witi  be  visible  in  the  morning,  in  the  southeast,  after  3  a.  m.  He  will  in 
Febrnarj  pass  from  the  constellation  Scorpio  into  that  of  Ophinchus.  He  will  be 
a  few  decrees  northeast  of  the  red  star  Antares,  which  star,  however,  Mars  ex- 
ceeds both  in  redness  and  brilliancy. 

Sttturn  may  now  be  observed  after  midnight  and  in  February  will  begin  to  be 
in  good  position  during  the  later  evening  hours.  The  accompanying  chart  will 
give  some  idea  of  its  path  among  the  stars  during  the  year.  He  is  in  the  constel- 
lation Virgo  and  will  inove  westward  until  May  26,  after  which  for  the  remain- 
der of  the  year  his  motion  will  be  eastward.  In  November  he  will  pass  near  the 
fine  double  star  y  Virginis. 


Uranus  may  be  found  farther  down  toward  the  eastern  horizon  after  mid- 
night. His  course  among  the  stars  for  the  year  is  platted  on  the  same  chart  with 
that  of  Saturn.  Just  now  he  is  moving  eastward  but  on  Feb.  9  will  turn  and 
move  westward  until  July  9,  after  which,  his  course  will  again  be  eastward  for 
the  remainder  of  the  year.  He  will  thus  pass  three  times  very  close  to  the  fifth 
magnitude  star  X  Virginis.  The  three  conjunctions  with  this  star  will  occur  Jan. 
3,  Mar.  20  and  Oct.  14. 

Neptane  will  still  be  in  good  position  for  observation  during  the  early  evening. 
Neptune  will  be  stationary  in  right  ascension  Feb.  15,  and  after  that  will  move 
slowly  eastward.  For  chart  of  his  path  among  the  stars  see  Sidereal  Messen- 
ger, page  463,  Nov.  1891. 

mercury.  « 

Date  R.  A.  Decl.  Rises.  TransiU.  Sets. 

1892.  hm  °'hni  hm  hm 

Feb.    5 19  55.2       —2153  6  23  a.m.        10  54.0  a.m.  3  25  p.m. 

15 20  59.5        —19  03  6  34     "  11   18.7     "  4  03     ** 

25 22  06.3       —13  56  6  38     "  11   46.0     '*  4  54     " 

VENUS. 

Feb.    5 23   25.0       -    5  01  8  40  a.  M.  2  23.1  p.  M.  8  07  P.  M. 

15 0  09.1       -I-    0   13  8   24     •*  2   27.8     **  8  32     " 

25 0  52.5       +    5  26  8  07     **  2  31.8     "  8  57     '* 

MARS. 

Feb.    5  ....16  22.3       —  21  02  2  46  a.m.  7   21.6  a.m.        11  57  a.m. 

15 16  48.6        —22  03  2  38     '*  7  08.6     "  11    39     *' 

25 17  15.0       —22  48  2  29     "  6  55.6     '*  11   22     '* 
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JUPITER. 

Date 

R.A. 

Dcd. 

Rises. 

Transits. 

SeU. 

1892. 

h       ni 

O            ' 

h    m 

h        m 

h 

m 

Feb.    5... 

..23   27.1 

—    4  47 

8  40  a.m. 

2  25.2  P.  M 

8 

10  P.  M. 

15... 

..23  35.4 

—    3  51 

8   06     *• 

1   54.2     •' 

7 

42     " 

25... 

..23  43.9 

-    2  55 

7   31     *• 

1   23.4     " 

7 

15     " 

SATURN. 

Feb.    5... 

..12     1.9 

-f    2   25 

8  45  P.  M. 

2  58.1  A.  M 

9 

11  A.M. 

15... 

..12  00.0 

+    2  40 

8   03     •* 

2   16.8     •* 

8 

31     " 

25... 

..11   51.6 

+    2  57 

7   20     " 

1   35.2     ** 

7 

50     »* 

UK  AN  us. 

Feb.    5... 

..14  15.7 

—  13     5 

12   04  A.  M. 

5   15  3  A.  M 

10 

26  A.  M. 

15... 

..14  15.6 

—  13     4 

11     21  P.  M. 

4  32.0     *• 

9 

43     •* 

25... 

..14  15.2 

-13      2 

10  42     •• 

3  52.3     '* 

9 

03     " 

• 

NEPTUNE. 

Feb.    5... 

...  4   18.8 

+  19    48 

11   50  a.m. 

7   16.2  P.  M 

2 

43  A.  M. 

15... 

...  4  18.7 

+  19    18 

11   10    •' 

6  36.7     '* 

2 

03     »• 

25... 

...  4   18.8 

+  19  49 

10  31     •* 

5  57.5     '* 

1 

24     " 

THE   SUN. 

Feb.    5... 

...21   15.7 

—  15  55 

7    15  A.  M. 

12   14.2  P.  M 

5 

14  p.  M. 

15... 

..21   55.2 

—  12  40 

7  01     •* 

12   14.3     '• 

5 

28     •• 

25... 

...22  33.6 

—    9   04 

6  45     " 

12   13.3     •* 

5 

42     ** 

Configuration  of  Jupitt 

sr's  Satellites 

at  7:30  p.  m. 

for  an   Inverting  Telescope. 

Feb.    1      3  4  2  O  1 

Feb.    9 

321  O  4 

Feb.  17 

3 

O  412 

2  43  12  O 

10 

3  O  1  24                 18 

413 

0  2 

3 

43  O   12 

11 

1   O  324                 19 

42 

O  1  3 

4 

41   O  23 

12 

2  O   1  3  4                 20 

412 

O  3 

5 

4  2  O  1  3 

13 

1   O  3  4  •                21 

4 

O   132 

6 

41   O  23 

14 

O  1324               22  432  1 

O 

7 

4  O  32  2;                 15 

32  O  4  • 

23  4  3  2  1 

o 

8      342  O  1 

16 

321  O  4 

24 

43 

O  12 

The  Satellites  of  Jupiter  are  invisible  from  February  24  until  April 

17,  Jupi- 

ter  being  t< 

30  near  the  s 

un. 

ellites.  . 

Phenomena  of  Jupiter's  Sat 

h    m 

h    m 

Jan.  16 

4  20  P.  M 

.      I.    Ec.  Re. 

Jan.  31 

4  34  P.  M. 

I. 

Tr 

.  Eg. 

17 

5  51     " 

III.    Sh.  Eg. 

5  23     •* 

I. 

Sh 

.Eg. 

19 

6  57     " 

ir.    Oc.Dis. 

7  20     •* 

III. 

Tr 

.  In. 

21 

4  52     " 

ir.    Tr.  Eg. 

Feb.    4 

7  37     " 

II. 

Tr 

.  In. 

6  51     ** 

ir.    Sh.  Eg. 

6 

6  20     ** 

II. 

Ec 

.  Re. 

22 

5  44     ** 

I.    Tr.  In. 

7 

5  02     ** 

I. 

Sh 

.  In. 

6  42     " 

I.    Sh.  In. 

6  36     " 

I. 

Tr 

.Eg. 

* 

8  02     " 

I.    Tr.  Eg. 

8 

4  34     " 

I. 

Ec 

.  K%. 

23 

4  51     •* 

IV.    Oc.  Re. 

9 

4  53     •* 

IV. 

Ec 

.  Dis. 

6  15     " 

I.    Ec.  Re. 

13 

4  56     " 

11. 

Oc 

.  Dis. 

24 

6  16     •* 

III.    Tr.  Eg. 

14 

6  21     ** 

I. 

Tr 

.  In. 

6  46     " 

III.    Sh.  In. 

15 

6  29     ** 

I. 

Ec 

.  Re. 

28 

4  48     " 

II.    Tr.  In. 

18 

6  31     " 

III. 

Oc 

.  Dis. 

6  38     ** 

II.    Sh.  In. 

22 

5  32     •' 

II. 

Tr 

•.  Eg. 

7  39     " 

11..  Tr.  Eg. 

5  41     *• 

I. 

Oc 

.  Dis. 

29 

7  46     ** 

1.    Tr.  In. 

6  29     ** 

II. 

Sh 

Eg. 

30 

5  04     " 

I.    Oc.  Dis 

23 

5  12     '* 

I. 

Tr 

.  e|. 

8  10     " 
ate    Central 

I.    Ec.  Re. 

5  39     "          I. 
^ed   Spot   passes 

Sh 

\  th 

.Eg. 

Approxim 

Times    when 

I    the  Great    I 

e  Central 

Meridian  of  Jupiter 

, 

h 

m 

h   m 

h   m 

1 

1  m 

Feb.    1    2 

34  p.m.     Feb.    7    7  58  p 

M.     Feb.  13 

2  38  p.m.     Feb.  19 

7  33  p.m. 

2    8  30    ** 

8    3  30 

14 

8  25    " 

20 

3  24    " 

3    4 

21     •• 

9    917 

15 

4  16    " 

21 

9  11    " 

4  10  08     " 

10    5  08 

16  10  03    ** 

22 

5  02    '* 

5     6  09     ** 

11     1  09 

'*                  17 

5  54    •' 

23  1 

2  55    " 

6    151     " 

12    6  45 

18 

146    ** 

24 

5  41    " 
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Mr.  Marth's  Ephemerides  of  the  Satellites  of  Saturn. 
FFrom  Monthly  Notices,  Nov.  1891.] 
In  this  table  the  times  have  been  changed  from  Greenwich  Mean  Time  to  Cen- 
tral Standard  Time.  The  abbreviations  /?/?.,  Te.,  D/.,  En.^  and  A//.,  stand  for 
the  names  of  the  satellites  Rhea,  Tethys,  Dione,  Enceladus,  and  Mimas.  The 
letters  a^bjC^d^  and  e,  stand  for  conjunctions  of  the  satellites  in  order  as  follows: 
With  the  preceding  end  of  the  outer  ring;  with  preceding  end  of  planet's  equator- 
ial diameter;  with  center  of  planet;  with  following  end  of  planet's  diameter; 
with  following  end  of  ring.  The  letters  n  and  s  signify  that  the  satellite  at  the 
time  of  conjunction  is  north  or  south  of  the  point  designated  by  the  preceding 
letter;  Sb.  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian  ol 
the  planet;  Eel.  D.  and  Eel.  i?.,  the  disappearance  and  reappearance  of  a  satellite 
at  beginning  and  end  of  an  eclipse. 


Jan.  1S»2. 

Jan.  1892. 

Jan.  1892. 

Jan.  1806. 

15    4.2  pm  Di  dn 

20    5.0  pm  Rh  ds 

20    6.5  am  Te  es 

31  11.0  pm  Titan  an 

6-4         Di  eu 

6.6         Te  Sh 

5.1  pm  Di  en 

Feb. 

7.T         Ml  as 

5.7         Rh  Sh 

8.8         En  an 

1  12.4  am  Te  ds 

9.4         Te  an 

6.2         Mi  an 

9.2*       Mies 

1.3         Te  Sh 

d.T         En  an 

7.5         Te  us 

27    3.1  am  Mi  as 

1.5        Mian 

10  8         Te  Eel.  D 

8.9         Rh  bs 

3.1         En  en 

2.3         Di  dn 

11.7         Titan  Eel.  D 

0.{»        Te  as 

5.2         Te  nn 

3.3         Te  bs 

1«    1.1  am  Mi  an 

10.1         Di  an 

6.7         Te  Eel.  D 

3.0         Rh  dn 

2.1         Rhe« 

11.2         En  as 

3.5  pm  Rh  dn 

4  1         Titan  Eel. 

2.3         Te  dn 

11.5         Rh  as 

6.0         Rh  en 

4.5         Di  en 

4.1         En  en 

11  5         Di  Eel.  D 

6.3         Di  es 

5.3         Te  as 

4-3         Te  en 

21  12.1  am  Ml  en 

7.6         En  AS 

5.8        T  1 1  a  n  c 

4.7         Rh  ds 

3.6         Di  dn 

7.8         Mi  es 

10  .6  n 

hi         Titan  Ed.  R 

5  5         Mi  es 

8.5         Di  ds 

6.4         Rh  en 

5.3         Rh  Sh 

5.8        DI  en 

9.5         Di  Sh 

6.7  pm  Ml  as 

7.0         Mi  en 

6.5  pm  Te  dn 

11.8         Di  bs 

9.1         Tean 

7.5         Titan  cll'M 

8.2         Te  en 

28    1.7  am  Ml  as 

10.6         Te  Eel.  D 

n 

10.7         Mien 

2.0         DI  as 

2  12.1  am  Ml  an 

S.3         Rh  hfl 

22    1.7  am  En  ea 

3.8         Te  es 

12.7        Kn  es 

10.5         Titan  dn 

4.1         Ml  w 

5  7         En  an 

2.0         Te  dn 

C^pmMias 

6.9         Di  es 

5  8        Te  ds 

4.0        Te  en 

7.«         Di  e« 

4  8  pm  Te  bs 

6.9         Te  8h 

5.6         DI  es 

8.0         Te  68 

6.1         En  an 

6.4  pm  Ml  es 

5.2  pm  En  an 

S.5         En  M 

6.8         Te  as 

10.1         En  68 

5.4         Ml  as 

d.S         Di  d8 

8.7         Rh  an 

29  12.3  am  Ml  as 

7.7         Te  es 

10.0         Te  ds 

9.3         Mi  en 

2.5         Te  an 

0.7         Te  ds 

10.7         Di  .Sh 

i».9         Rh  Eel.  D 

3.1          Di  an 

10.8         Mi  an 

11.0         TeSh 

2:{  12  5  am  En  en 

4.0         Te  Eel.  D 

10.8         Te  Sh 

11.7         Mi  an 

2.7         Mi  I's 

4.4         Kn  as 

11.5         En  en 

17  12  9  am  Te  bs 

3 1         Rh  dn 

4.6          Di  Eel.  D 

3  l'-'.«  am  Te  bs 

1.1          DI  bs 

5.7         \\h  en 

5.7         Mi  nn 

2.ii         Te  as 

2.9         Te  as 

4.9  pm  En  as 

7  4          Te  dn 

3.6         Kh  es 

3  3         Di  as 

5.0         Titan  es 

3.2  pm  lUt  es 

4.7         Ml  en 

6.7  pm  Te  an 

5.2          Di  Eel.  D 

5.0          .Mies 

«.2         Kh  ds 

S.l         Te  Eol.  D 

5.5          T«  en 

5.S          Kh  dH 

7.1         KhSh 

10.3         .Mi  an 

7.3         Titan  Sh 

6.«         Kh  Sh 

4.0  pm  En  as 

H.l          Enes 

7.9         Mien. 

h.\)         Kw  on 

4.0         Di  Eel.  D 

11.6         Tedn 

8.S         Titan  ds 

9.7          Kh  1)H 

4.0         Mi  as 

IS    16  am  Teen 

9.3         Di  dn 

10.9          .Mi  aH 

0.4         To  an 

4.2         Mi  en 

11.5         Di  en 

30  12.2  am  Kh  as 

7.9         Te  Eel.  D 

4.4          Di  an 

11.8         Titan      c 

11          Tees 

7.9         Di  dn 

0.4         En  as 

10 '.hs 

3..1          Te  ds 

9.4          Mi  an 

5.H          Di  Kd.  D 

24    1.3  am  Mi  es 

4.2          To  Sli 

10.1          Dlen 

5  3  pm  Rh  en 

2.7         Titan  bs 

4.3         .Mi  an 

11.3         Tedn 

5-3          Te  en 

3.0         En  an 

«.0              To  bH 

4     1.3  nni  Te  en 

7.3         Te  ds 

6.5         Titan  as 

5.4  pni  DI  bM 

2.1          En  an 

S.3         Te  .Sh 

6.5  pm  .Mi  en 

7.f5          IM  as 

3  3          Mi  en 

»».9         Mi  an 

7.5          En  es 

9.5         .Mi  as 

5.0  pm  Te  es 

».**         En  en 

11.9          Mies 

11.4          En  Jill 

0.5          En  OH 

10.2         Te  bs 

25  12.0  am  Di  es 

11. H          Te  an 

7.0          Te  (Ih 

1»  12  2  am  Te  as 

l.>>         En  as 

31     1.3  am  To  i:,!.  D 

8  0         .Mi  an 

4.0  pro  Te  an 

2.8         Di  ds 

2.9         Ml  an 

s.l          TeSh 

4.4          Di  Sh 

2.9          llh  -s 

4.7          Te  dn 

9.9          Te  1)8 

0.4         Te  E.I.  D 

3.8          Di  Sh 

5.S          Em  en 

11.3          Di  OH 

6.S          Di  bH 

5.4          Kh  ds 

«.7          Te  en 

11.9         To  as 

7.5         Mi  an 

5.S         Ml  as 

x.l  pm  .Ml  as 

5  12.K  am  En  as 

*•  9         Te  dn 

6.1          Di  bd 

s.S          IH  an 

15         Di  dH 

9  0         Di  as 

6.2         Kh  Sh 

9.4          Kh  an 

1.9          Mi  en 

li.».9         Te  en 

7.9         Te  an 

10.2          i:n  MH 

2  5         DI  Sh 

20  12  4  am  En  an 

6.2  pm  P^n  en 

10.3          DI  Eel.  D 

4.S         I)il>H 

1.5         Mi  en 

10.5         .Mi  es 

10.4          To  OH 

3.7  pni  Te  an 

4.6  pm  Te  ds 

26    4.3  am  En  es 

10.8         Kh  Eel.  D 

4.2          Kh  dn 

4.1        £n  es               > 

4.5         Mi  as 

11.0         Titan  EcI.D 

5.2         Te  Eel.  D 
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Fob.  1892. 

Fob.  1892. 

1  Fob.  1892. 

Fob.  1892. 

6    5.3  pm  En  en 

7    7.1 

pm  Di  dB 

9    4.6  am  Titan  as 

6.2         Te  08 

6.6         Mi  an 

7.5 

RhSh 

8.2  pm  To  dn 

6.9         Rh  ds 

6.8        Rh  en 

7.9 

Teen 

6.'»        Te  on 

8.2  pm  Mi  es 

8.6        Te  dn 

8.2 

DiSh 

7.0        Mi  on 

11.8        En  08 

10.6        Te  en 

9.7 

Mien 

7.9        En  en 

18    2.1  am  Mi  as 

<6  12.5  am  Mi  en 

10.4 

RhbB 

10. 1        Rh  an 

4.3        Di  08 

S.4         En  ee 

10.4 

DibB 

11.8        Rh  Eel.  D 

4.8        Te  an 

5.9        Mi  08 

8  12.6  am  Di  as 

10  12.4  am  Mi  os 

4.2  pm  En  an 

S.8  pm  Dl  en 

1.0 

Rhaa 

4  6        Rh  dn 

6.8        Mi  08 

4.8         Te  da 

3.1 

Mies 

3.8  pm  To  as 

10.5         En  on 

5.2        Mi  an 

4.7 

En  an 

4.1         Di  bs 

14  12.7  am  Mi  as 

«.4        Te  8h 

8.1 

pm  Titan  08 

D.6         Mi  en 

8.5        Tees 

7.2         Te  bs 

4.5 

Tebs 

6.8         Di  as 

6.5        Te  ds 

7.8        En  an 

6.4 

Titan  Sh 

10.4        En  an 

4.9  pm  Rh  dn 

9.2        Te  as 

6.5 

Toao 

11.0         Mies 

6.4        Mi  08 

ll.l         Mi  en 

6.9 

Titan  do 

11    4.8  am  En  en 

•  6.6         Di  dn 

7    2.1  am  En  en 

8.4 

Mien 

4.9         Mi  as 

7.5        Rh  on 

4  5        Mi  on 

9.1 

En  08 

7.4  pm  Di  an 

8.8         Dl  on 

2.5  pm  To  Eel.  D 

9.9 

Titan 

c 

9.1         Di  Eel.  D 

11.3         Ml  as 

S.8         Mi  an 

9  .9  8 

9.2        En  as 

15    1.1  am  En  an 

4.0        Rh  00 

9  12.8 

am  Titan  bs 

9.6         Mi  es 

2.1         To  an 

4.9         Di  08 

1.8 

Mies 

12  12.9  am  Dl  dn 

8.8        To  Ed.  D 

S.9        Te  dn 

1.8 

Dian 

8.1        Di  en 

5.5  pm  En  es 

6.5        Rh  dB 

8.4 

Di  Eel.  D 

3.5        Mi  as 

9.9        Di  es 

6.6        En  aa 

3.5 

En  ^ 

4.8        Rh  08 

10.0        Mi  as 

Minima  of  Variable  Stars  of  the  Algol  Type. 

U  CEPHEI. 

R  CANTS  MAJ.,  Cont.            S  ANTLI.©,  Cont. 

K.  A 0»'52 

"32' 

Feb.  24 

8  P.  M.                   Feb. 

17        2  a.  m. 

Decl +  81 

o  17/ 

25 

11    *' 

19        1    " 

Period 2d  11 

»»50"» 

27 

2  A.  M. 

19       midn. 

Feb.    1     tntdn. 

28 

6    '* 

20     11  p.  M. 

6       " 

S  CANCRI. 

21     10    •* 

11     11  p.  M. 

22     10    " 

16     11    •* 

R.  A 

8»»  37»  39" 

23        9    ** 

21     11    ** 

Decl 

+  19°  26™ 

24       8    ** 

26      10    " 

Period 

9c/  IV  38"» 

25       8    " 

ALGOL. 

Feb.    6 
25 

7  P.  M. 

7    " 

26  3  A.  M. 

27  2    " 

U.  A 3»»  01 

Dccl +  40 

m  01. 

°  32' 

S  ANTLI^. 

28  1    " 

29  1    ** 

Period 2d  20» 

149m 

R.  A 

9»»  27°»  30- 

29       midn. 

Feb.    8       5  a.m. 

Decl 

—  28°  09' 

11        2    " 

Period 

0c/07»»47« 

S  LIBR^. 

13      11  p.  M. 
16       8    *• 
19       5    ** 

Feb.    2 
3 
4 
5 

4  a.m.                i;    ,*• 
3    ii                   Decl.... 

0    tt                   Period 

14»»  55«  06* 

-     8°    05' 

2d  01^  51« 

R  CANIS  MAJ. 

6 

2    "                      Feb. 

6         4  A.  M. 

R.  A 1^  14' 

»  30- 

7 

1     "                               \ 

13       4    ** 
20       3    " 
27        3    " 

Decl -  16^ 

>  ir 

7 

midn. 

Period lc/03» 

ilgm 

8 

11  p.  M. 

Feb.    1        3  a.m. 

9 

}:\    ;i                              U  CORONA. 

7       7  p.  M. 

10 

10    " 

8     10    " 

11 

9    "                    R.  A... 

15»»13«  43 

10         2  A.  M. 

12 

9    "                    Decl... 

+  32°  03' 

11       5    ** 

13 

8    "                    Period 

3c/10»»51» 

16        9  P.  M. 

14 

3  a.  m.                  Feb. 

7          1  A.  M. 

17       midn. 

15 

3    " 

13      11  p.  M. 

19         3  A.  M. 

16 

2    ••                               24       7  a.m. 

Phases  and  Aspects  of  the  Moon. 

First  Quarter Feb.     5 

Full  Moon "     12 

Apogee "     17 

Last  Quarter "     20 

New  Moon **     27 

Perigee "    29 


Central  Time. 
3»»39"A.  M. 
1  38  P.  M. 
9  48  A.  M. 
6  15  P.  M. 
9  47  " 
5  48  A.  M. 
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•    Occultations  Visible 

at  Wa8hine:ton. 

IMMERSION.        EMERSION. 

Date 

star* 

Masni. 

Waah. 

Angrle  fm    Wash.    Anja^le  Tm 

Dura- 

1892. 

Name. 

tade. 

Mean.  T. 

N.  P't.      Mean  T.      N.  P't. 

tion. 

%    h      m 

°            h 

m             ° 

h      m 

Feb.     5.. 

.  13  Taari 

6 

11  18 

97        12 

16       237 

0    58 

5.. 

.  14  Tauri 

6 

12  05 

127        12 

43        209 

0    38 

7.. 

.118  Tauri 

6 

5  32 

38          6 

11       294 

0    39 

7.. 

.125  Tauri 

6 

12  09 

43        12 

55       319 

0    46 

12.. 

Tf  Leonis 

3 

5  52 

65          6 

37        295 

0    45 

12.. 

.  42  Leonis 

6 

15  38 

93        16 

38        332 

1    00 

COMET  NOTES. 

Two  comets  arc  now  in  view.  These  are  Wolfs  periodic  comet,  which  has 
been  observed  ever  since  its  discovery  by  Barnard  May  3,  and  the  Tempel-Swift 
periodic  comet  found  by  Barnard,  Sept.  27.  Three  other  periodic  comets  are  being 
searched  for,  but  at  latest  reports,  not  yet  found.  These  are:  Brooks*  1886  IV, 
due  at  perihelion  any  time  from  Dec.  1,  1891,  to  May,  1892;  TempeVs  due 
Feb.  28 ;  and  Winnecke's  due  in  June,  1892. 

The  course  of  the  Tempel-Swift  comet  during  January  is  eastward  and  south- 
ward  through  the  northern  part  of  the  constellation  Taurus.  Jan.  5  and  6  it 
will  be  about  3**  north  of  the  Pleiades. 

Wolfs  comet  is  in  the  eastern  part  of  the  constellation  Eridanus,  moving 
slowly  and  growing  fainter.  Winnecke's  should  be  found  during  January  and 
February  in  the  northern  part  of  Virgo  and  southern  part  of  Coma  Berenices. 
Brooks'  1886  IV,  according  to  Oppenheim's  search  ephemerides,  should  be  found 
somewhere  near  a  line  passing  through  Coma  Berenices,  Virgo,  Libra,  Scorpio, 
and  Sagittarius.  


Search  Sphemeris  for  Comet  Brooks,  x886  IV. 

(See  alto  Sid.  Mest.,  Dec.  1891.  p.  617.) 
Perihelion  April  30.  Perihelion  May  30. 


R.A. 


Decl.        Light. 


R.A. 


Decl. 


Light. 


h 

m 

■' 

/ 

h 

m 

0 

' 

Jan.  21 

13 

35-2 

+  9 

52 

0.1 1 

Jan.  3» 

»3 

56.8 

7 

33 

0.18 

12 

28.6         +  25 

35        028 

Feb.  lo 

14 

18.4 

5 

5» 

0.25 

12 

36.2 

24 

35        0.28 

Feb.  2o 

14 

39-8        +  4 
Ephemeris  of 

15 

0.34 

•         12 

42.6         + 
Ddic  Comet. 

24 

25        0.39 

the 

Temple-Swift  Peri( 

[From  Astr.  Nach  . 

,  No.  306H.] 

Paris  Midnight. 

R.A 

^. 

Decl. 

log  J 

Light. 

h 

m 

8 

0 

' 

Jan.     I 

3 

J5 

04 

+  27 

20.1 

2 

20 

21 

27 

14.4 

9.5408 

3 

25 

33 

27 

09.0 

4 

30 

4» 

27 

033 

9.5781 

4.87 

6 

40 

31 

26 

51.9 

8 

49 

54 

26 

37.9 

9.5933 

lO 

3 

5« 

47 

26 

24.1 

12 

4 

07 

»7 

26 

10. 1 

9.6289 

3.23 

M 

»5 

20 

25 

55-9 

:i 

23 

03 

25 

41.6 

9.6644 

30 

24 

25 

274 

20 

37 

26 

25 

13.6 

9.6996 

2.14 

22 

44 

10 

24 

59-9 

24 

5'5 

40 

24 

46.6 

97342 

26 

4 

56 

54 

24 

3}'(> 

28 

5 

02 

56 

+  24 

21.0 

9.7681 

1.43 
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Ephemeris  of  Comet  1891 

(Wolf's  Periodic 

Comet). 

(Continued  from  pag^e  516.) 

Berlin  Midnight. 

App.  R.  A. 

App.  Decl 

! 

logr 

log-^ 

h     m 

s 

0        / 

Jan.    2 

4     14 

34 

— 

14    OS'.  I 

3 

14 

42 

n  59.  > 

0.2989 

0.0961 

4 

H 

5« 

13  52.8 

5 

15 

02 

13  46.2 

0.3013 

0.1044 

6 

*5 

>5 

13  39.4 

7 

>5 

29 

13  32.3 

0.3037 

O.I  128 

8 

>5 

46 

13  25.0 

9 

16 

03 

13  175 

0.3061 

0.I2II 

10 

16 

22 

13  ^9.7 

II 

16 

43 

13  01.8 

0.3085 

0.1294 

12 

17 

06 

12  53.6 

13 

17 

29 

12    45-3 

0.3108 

0.1376 

14 

17 

55 

12    36.8 

»5 

4      18     22 

EphemerU  0: 

12    28.1 

0.3132 

odic  Comet. 

0.1458 

fWinn 

ecke'8  Peri 

( From  Astr.  1 

Sach  .No.  3062.) 

App  R 
h       m 

.A. 

8 

App 

L  Decl. 

logr 

log  J 

Wji 

Jan.  16 

12     31 

53 

+  13 

57.5 

17 

32 

47 

14 

03.1 

18 

33 

39 

91 

0.3564 

0.2227 

0.069 

19 

34 

3> 

15.3 

20 

35 

23 

21.7 

21 

36 

13 

28.5 

22 

37 

02 

35-6 

0.3494 

0.2020 

0.079 

n 

37 

5» 

42.9 

24 

38 

39 

50.6 

^5 

39 

26 

14 

58.6 

26 

40 

II 

15 

C6.9 

0.3422 

0.1807 

0.090 

27 

40 

56 

»5-5 

28 

41 

40 

24.4 

29 

42 

23 

33-7 

30 

43 

04 

42.;, 

0.3349 

0.1590 

0.103 

31 

43 

45 

«5 

52-3 

Feb.    I 

44 

24 

16 

03.6 

2 

45 

02 

14.2 

3 

45 

39 

* 

25.2 

0.3274 

0.1368 

O.II8 

4 

46 

15 

36.6 

5 

46 

50 

16 

48.3 

6 

47 

23 

17 

0x4 

7 

47 

55 

12. S 

o.3»97 

0.1142 

0.136 

8 

48 

26 

25.r> 

9 

48 

55 

3«.9 

10 

49 

23 

17 

52.4 

II 

49 

49 

18 

00.4 

0.3118 

0.0913 

0.156 

12 

50 

14 

20.8 

«3 

50 

37 

35.5 

t4 

50 

59 

18 

50.7 

>5 

51 

19 

»9 

06.2 

0.3036 

0.0682 

0.180 

16 

51 

3H 

22.2 

17 

5« 

55 

3S.6 

18 

52 

10 

19 

55-3 

• 

19 

52 

23 

20 

12.5 

0.2953 

0.0448 

0.209 

20 

52 

34 

30.1 

21 

52 

44 

20 

48.1 

22 

52 

51 

2! 

06.5 

23 

52 

56 

25.2 

0.2868 

0.0214 

0.242 

24 

12    53 

00 

+  21 

44.4 
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App.  R.  A.  App.  Dccl.         log  r  log  J  -priT 

h   m   •        ®    '  ^ 

Feb.  25     12  53  02  4-  22  04.0 

26  53  01  24.0 

27  52  58  44.4     0.2780     9.9981     0.281 

28  52  53       23  05.2 

29  12  52  46  +23  26.3 


Orbit  of  Comet  e  1891  (Barnard  Oct.  2).  Prom  Barnard's  observations  of 
Oct.  2,  6  and  9  as  given  in  the  Astronomical  Joarna1^\o\.  XI,  p.  63,  I  have  com- 
puted the  following  elements. 

T  =  Nov.  12.78463 
jr—  A=  268°  43'  59" 
A=  216    57    37 
/=     77    27   42 
log  q  =    9.98412 
Harvard  College  Observatory,  Dec.  4,  1891.  o.  c.  wendell. 


Hew  Minor  Planet  No.  321.  An  asteroid  of  the  12th  magnitude  was  discovered 
Xov.  27  by  Borrelly  at  Marseilles.  Its  position  Nov.  27.  3808  Gr.  m.  t.  was: 
ISL.A.4^  06™  06.7* ;  Decl.  +  23°  12'  58".  Daily  motion,  —60"  and  7'  southward. 
This  is  probably  No.  321. 


Double  Shadow  of  Japiter's  Satellite  I.  In  regard  to  Mr.  HofTman's  observa- 
tion of  the  double  shadow  of  Jupiter's  Satellite  I,  reported  in^he  last  Messenger, 
permit  me  to  say  that  I  made  a  similar  observation  on  the  evening  of  Sept.  29, 
It  was  in  transit  nearing  egress  and  it  appeared  as  a  white  disk  against  the  dark 
southern  equatorial  belt;  following  it  was  the  usual,  shadow  and  at  an  equal  dis- 
tance from  this  was  a  second  shadow,  smaller  and  not  so  dark  as  the  true  one, 
and  surrounded  by  a  faint  penumbra.  It  would  seem  to  me  that  there  is  some 
intimate  connection  between  this  doubling  of  the  shadow  of  Satellite  I,  as  seen 
bj  Mr.  Hoffman  and  myself,  and  the  elongation  or  doubling  of  the  satellite  it- 
self, as  seen  by  Mr.  Barnard  on  Sept.  8,  1890,  and  Aug.  3,  1891,  and  which  he 
explains  on  the  supposition  of  a  white,  belt  encirclin^j  the  equator  of  the  satel- 
lite. H.  S.  HULBERT. 

Detroit,  Mich. 

Companion  to  the  Observatory.  This  useful  littie  Astronomical  Almanac,  for 
such  it  is,  is  at  hand  for  1892.  It  contains  many  valuable  data  not  given  in  the 
great  national  almanacs,  such  as  Times  of  Rising  and  Setting  of  the  Moon  and 
Longitude  of  Moon's  Terminator,  List  of  Principal  Meteor  Showers  of  the  Year, 
Ephemcris  for  Physical  Observations  of  the  Sun,  Maxima  and  Minima  of  Varia- 
ble Stars,  List  of  Double  Stars  suitable  for  small  telescopes,  etc.  H.  c.  w. 

August  Meteors.  On  the  morning  of  Aufjust  11,  1891,  between  2*^  45'"  and 
3**,  30  meteors  were  counted  at  the  Southern  Female  College*,  La  Grange,  Ga., 
Mrs.  I.  F.  Cox,  President.  All  the  meteors  were  small  and  white,  but  few 
showed  trains. 

Observing  Anrors.  Mr.  M.  A.  Veeder,  Lyons,  N.  Y.,  has  prepared  a  blank  for 
observing  Aurorae,  and  he  invites  general  co-operation  of  astronomers  and 
amateur  observers  in  order  to  collect  data  for  the  more  complete  study  of  these 
phenomena.  This  is  certainly  important  work,  and  many  can  aid  in  it.  Send  to 
him  for  blanks  and  instructions. 
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On  further  consideration  it  has  seemed  best  to  adopt  Astr(ino\|v  and  Astro- 
Pbvsics  as  the  name  of  this  publication  hereafter.  On  page  96  will  be  found  sug- 
gestions and  directions  to  correspondents  to  which  attention  is  especially  called. 

In  order  to  g^ve  large  space  to  the  subject  matter  of  Astro- Physics »  a  number 
of  articles  on  General  Astronomy  are  deferred  until  our  next  issue.  It  will  be  our 
aina,  as  heretofore*  to  bring  out  as  folly  as  we  canj'n  the  future,  notices  of  current 
work  in  all  branches  of  astronomy. 

It  has  been  strongly  urged  by  some  of  the  earnest  amateurs  who  haVe  been 
subscribers  to  the  Messenger  from  almost  the  beginning  of  its  publication, 
that,  in  our  new  departure,  we  do  not  forget  their  wants*  They  desire  and 
should  have  notices  of  work  adapted  to  small  instruments,  in  order  to  know 
their  field  of  work  well  and  to  contribute  to  it  useful  observation.  The  manage- 
ment of  this  publication  acknowledges  heartily  and  most  cordially  the  large  and 
veni*  generous  support  which  has  steadily  come  to  it  from  amateur  astronomers. 
They  shall  be  remembered,  for  this  publication  would  not  have  been  what  it  is, 
but  for  their  persistent  and  intelligent  aid. 

New  Naval  Observatory.— In  his  annual  report  to  the  chief  of  the  Bureau  of 
Equipment,  Navy  department,  Capt.  McNair,  Superintendent  of  the  Naval 
Observatory  submits  an  estimate  of  appropriations  required  for  the  next  6scal 
year,  as  follows: 

Approaches  and  grounds...., .., $11,825 

New  Meridian  Circle lO.WO 

Three  new  dwellings  for  Observers.     (Each,  $10,000.).  30,000 

Repair  shop  and  store  house  for  instruments... 4^000 

Kenioval  of  magnetic  instruments  and  buildings.. 3,500 

Making  in  all  a  total  of $69,325. 

The  appropriation  made  for  the  current  year  was  $136,689. 

The  plea  for  observers'  dwellings  on  the  new  Observatory  grounds  made  by 
the  superintendent,  though  in  strong  language,  is  wisely  urged. 

The  report  of  the  Secretary  of  the  Navy  for  1891  also  contains  matter  of  very 
general  interest  to  astronomers.  This  extract  will  show  the  tenor  of  it.  Speak- 
ing of  the  New  Naval  Obscrvatorv  and  the  transferor  the  astronomical  instru- 
ments, the  Secretary  says:  *'  When  the  transfer  and  installment  of  the  instrumenis 
arc  completed,  the  government  will  be  in  possession  of  one  of  the  most  admirably 
equipped  observatories  in  the  world.  The  question  of  the  proper  administration 
of  this  important  charge,  representing  one  of  the  most  important  branches  of 
scientific  investigation  undertaken  by  the  government,  is  one  that  demands  early 
attention.  The  system  in  existence  hitherto,  by  which  the  selection  of  the  super- 
intendent has  Isecn  confined  to  line  officers  of  the  Navy,  subject  like  other  officers 
to  changes  of  duty  at  comparatively  short  intervals,  prevents  that  continuity  of 
administration  which  is  essential  in  carrying  on  the  work  of  a  great  national 
Observatory.  No  programme  of  scientific  investigation,  especially  in  the  depart- 
ment of  astronomy,  cnn  l>e  carried  out  successfully  by  any  institution,  if  liable  to 
frequent  intenuptions  by  a  change  of  its  adminiBtrative  head. 

**I  therefore  recommend  the  adoption  of  legislation  which  shall  enable  the 
Frrsident  to  appoint,  at  a  suflicicnl   salary,  without  restriction,  from  persons 
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either  within  or  outside  of  the  naval  service,  the  ablest  and  most  accomplished 
astronomer  who  can  be  found  for  the  position  of  superintendent." 

"  I  would  also  recommend,  in  view  of  the  era  of  progress  and  scientific  devel- 
opment upon  which  the  Observatory  is  now  entering,  that  an  advisory  council 
be  organized,  composed  of  the  Superintendent  of  the  Observatory  and  its  senior 
professor  and  of  three  other  persons  of  scientific  attainments,  whose  duty  it  shall 
be  to  consider  and  report  upon  new  instruments  and  their  proper  installation ; 
to  draw  up  with  such  changes  as  may  be  necessary,  from  time  to  time,  the  pro- 
gramme of  scientific  work,  including  observation,  reduction  and  publication,  and 
to  make  such  inspections  and  reports  as  may  be  desirable  in  regard  to  the  char- 
acter of  the  work  done  by  the  Observatory." 

This  report  of  the  Secretary  of  the  Navy  contains  the  best  of  official  state- 
ment of  the  proper  administration  of  the  Naval  Observatory  that  we  have  ever 
seen.  The  recommendations  arc  wise  and  opportune,  and  it  is  to  be  hoped  that 
this  matter  will  receive  the  attention  of  Congress  at  an  early  date. 


Sirian  and  Solar  Stars.  As  my  prediction  that  the  proper  motions  of  the 
solar  stars  would  prove  to  be  greater  than  those  of  the  Sirian  stars  of  the  same 
magnitude  seems  likely  to  be  verified,  I  venture  to  give  another  consequence  of 
my  hj'pothesis  which  Professor  Pickering's  observations  go  some  distance 
towards  confirming.  Reverting  to  my  former  illustration  of  a  telescope  whose 
range  terminates  at  the  average  distance  of  a  12th  magnitude  star,  let  me  turn 
it  on  a  part  of  the  sky  where  there  are  few,  if  any,  stars  at  a  greater  distance 
than  that  of  an  average  star  of  the  11th  magnitude.  In  such  a  region  the  tele- 
scope will  reveal  nearly  all  the  stars,  and  the  relative  numbers  of  Sirian  and  Solar 
stars  will  give  their  true  proportions  for  that  part  of  the  sky,  the  Sirians  show- 
ing a  relative  preponderance  among  the  brighter  and  the  Solars  among  the 
fainter  stars.  Let  me  then  turn  the  same  telescope  to  a  region  where  there  is  a 
dense  stratum  of  stars  lying  further  off  than  the  average  distance  of  a  12th 
magnitude  star.  A  considerable  number  of  the  Sirian  stars  belonji^ing  to  this 
stratum  will  be  visible,  while  few,  if  any,  of  the  corresponding  Solars  will  be  de- 
tected. The  proportion  of  Sirian  stars  will  thus  appear  to  exceed  the  true 
amount,  and  the  relative  preponderance  of  Sirians  will  lie  greatest  in  the  case  of 
the  fainter  stars.  This  seems  to  me  to  afford  the  true  explanation  of  the  relative 
preponderance  of  Sirian  stars  in  the  Galaxy.  It  arises  from  the  greater  depth  of 
the  stratum  of  stars,  and  probably  its  increasing  richness  down  to  the  point 
where  the  light  becomes  too  faint  for  spectroscopic  observation. 

Dublin,  Nov.  28.  w.  H.  s.  monxk. 

The  Lick  Observatory  and  its  Work.— From  the  notice  of  a  late  meeting  of 
the  Astronomical  and  Physical  Society  of  Toronto,  Cnnada,  published  in  the  Mail 
of  Nov.  21,  it  appears  that  Mrs.  R.  A.  Proctor  gave  an  illustiated  lecture  before 
the  society,  on  the  Lick  Observator3'  and  its  Work.  The  stercopticon  views  in- 
cluded those  of  the  great  telescope,  spectroscope,  transit  instrument,  observatory 
in  Summer,  in  Winter,  in  cloud,  in  sunshine,  the  offices  and  cottages  of  the  observ- 
ers. Mount  Hamilton,  the  approaches  to  the  buildings  and  views  of  l)eautiful 
scenery  in  different  parts  of  the  mountain  taken  by  Mr.  Burnham.  It  appears 
that  Mrs.  Proctor  was  for  several  weeks  the  guest  of  the  professors  at  the  observ- 
atory and  that  she  had  exceptional  privileges  in  the  use  of  the  telescoj)es.  Mrs. 
Proctor^s  lecture  was  heartily  enjoyed  and  highh'  commended  b3'  prominent 
members  of  the  societv. 


Note  on  the  Measurement  of  Solar  Prommencea*  Two  intcrestiag  communica- 
tioDs  have  recently  been  made  to  the  French  Academy  regarding  the  aberration 
of  Ugbt.  In  one  of  these  M.  Mascart*  has  done  good  service  in  caUing  attention 
to  the  fact  that,  as  yet,  we  have  no  direct  experimental  proof  that  light  travels 
with  the  same  velocity  throughout  ktiowo  space^  if  we  may  so  denominate  the 
apace  Ijctween  un  and  the  most  distant  of  observed  stars. 

Both  Arapo  and  W.  Stnive  wci^  in  error,  the  author  points  out,  in  supposing 
that  the  invariability  of  the  "aberration  constant**  from  one  star  to  another 
was  sufficient  evidence  from  which  to  conclude  that  light  travels  with  invariable 
speed  everywhere  in  free  space,  because  the  difference  between  the  apparent  and 
true  direction  in  which  any  luminous  point  is  seen  depends  only  upon  the  ratio  of 
the  velocity  of  light  in  the  tube  of  the  telescope  to  the  velocity  of  the  observer, 

It  might  have  been  added  that  these  velocities  are  to  be  measured  from  any 
origin  of  coordinates  provided  only  that  this  origin  is  not  moving  with  reference 
to  the  medium  in  which  the  light  is  propagated. 

All  this  is  strictly  analogous  to  saying  that  when  a  8ail*boat  is  just  gettiftg 
under  weigh,  the  apparent  change  in  the  quarter  from  which  the  wind  is  blowing 
depends  only  upon  the  velocity  of  the  wind  as  tt  strikes  the  suit  and  upon  the  ve- 
locity of  the  boat,  but  not  at  all  upon  the  source  of  the  wind, 

Mascart  also  calls  attention  to  a  remark  of  ViUarceau  in  which  he  shows  for 
the  first  time  that  the  "Constant  (?)  of  alierration '*  ought  to  vary  from  one 
star  to  another  on  account  of  the  motion  of  the  solar  system  through  space.  Re- 
turning to  our  nautical  anulog\',  this  is  equivalent  to  saying  that  if  one  wished 
to  compute  the  shift  of  the  wind  toward  the  bow  of  the  boat,  he  would  not 
measure  his  velocities  from  a  balloon,  or  from  any  object  floating  with  the  tide, 
but  rather  from  a  fixed  buoy. 

By  this  note  of  Mascait's  ooe*8  attention  is  naturally  recalled  to  the  other 
communication  by  Fi«eau,t  who  after  pointing  out  that  the  velocities  attained 
by  the  gases  which  make  up  solar  prominences  are  quite  comparable  to  that  of 
the  earth  in  its  orbit  (30.6  kilometers  per  second),  goes  on  to  remark  that : 

'•  II  rfsultc  de  ccs  donn6?s  que.  si  une  protub<?rance  se  d^velopfje  dans  le  voisin- 
age  de  recli|*tiquc  avec  une  vitesse  de  translation  de  gaz  lumineux  ^gale  h  cettc 
tn^me  vitesse  de  30  6  km,  par  seeoncle,  le  lieu  de  la  protub^ratice  subira  un  effet 
propre»  c*est*^-dire  un  d^placemcnt  apparent  de  ±  20".+45,  lesquelles  poun-ont 
B*ajouter  ^  IViffet  pr^^dent  on  s'en  rctrancher  suivant  Ics  circonstances  de  direc- 
tion, en  donnant  lieu  k  des  variations  corrcspondnntes  des  distances  au  bord 
sola  ire/* 

So  far  as  can  lie  seen,  the  author  here  neglects  the  fact  that*  at  any  given  in- 
stant, each  point  of  the  solar  disk  and  of  the  prominence,  whether  in  motion  or 
at  rest,  is  sending  tu  the  observer  rays  all  of  which  are  affected  by  the  same 
correction  for  aberration.  I  say  the  ''siime*'  correction  since  the  change  in  celes- 
tial longitude  or  latitude  from  one  part  of  the  sun's  surface  to  another  would 
affect  the  aljerration  quite  inappreciably. 

If  there  L»e  relative  motion  among  the  parts  of  the  prominence,  then  since  at 
any  instant  alterration  affects  all  these  parts  to  the  same  extent^  the  prominence 
will  l>e  projected  ujjon  the  slit  of  the  s|)ectrosjcope  in  its  true  proportions. 

If  any  apology  is  needed  for  calling  attention  to  an  error  of  this  type  it  is 
that  the  error  is  one  which  may  for  somebody  needlessly  com|.ilicate  the  study  of 
the  solar  surface,  and  is  especialh*  misleading  when  supported  by  a  name  of  such 
well-earned  distinction  as  that  of  Ftzeau. 


*  Comi»te»  RiMiilii*,  t   It 3.  p.  571  U**01  », 
t  Compten  R.'iidu».  t.  113.  p.  353  M^tltt. 
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In  this  connection  T  may  perhapii  be  pardoned  for  calling  attention  to  still 
another  error,  rather  insidious,  and  one  to  which  students  unfamiliar  with  the 
theory  of  the  grating  are  especially  liable.  The  only  warning  against  it  that  I 
hare  seen  is  given  by  Professor  Young  (San,  p.  191).  The  error  is  this:  A  mi- 
crometer screw  in  the  e^-e-piece  of  a  spectroscope  is  sometimes  evaluated  by  look- 
ing at  the  slit  directly  through  the  collimator,  with  the  view-telescope.  In  this 
way.  a  revolution  of  the  micrometer  head  may  be  determined  either  in  terms  of 
the  screw  which  opens  the  slit  or  in  angular  measure  by  the  transit  of  a  star. 

If,  now,  the  instrument  be  used  with  a  grating  to  measure  the  angular  height 
of  a  prominence,  one  might  very  naturally  run  the  micrometer  wire  from  the  base 
to  the  top  of  the  prominence  and  apply  the  aams  micrometer  constant  which  he 
bad  just  obtained.  But  such  a  measure  would  be  very  wide  of  the  mark  for  the 
reason  that  a  slight  variation  in  the  angle  of  incidence  does  not  produce  an  equal 
variation  in  the  angle  of  riiffraction. 

This  will  be  seen  immediately  in  differentiating  the  ordinary  equation  for  the 
plane  reflection  grating 

Bin  G  ±  sin  y=z— 

where  0  =  angle  of  diffraction, 
y  =.  angle  of  incidence, 

A  =  wave-length  at  which  the  prominence  is  observed, 
X  =  order  of  spectrum  employed, 
«  =  grating  space. 

Here  — t"  will  be  a  constant  for  any  given  line  in  any  given  order,  and  hence: 

dy  __       cos  0 

dO  ~  ^  cosy 
dy  here,  of  course,  represents  the  angular  width  of  the  slit  which  just  includes  the 
prominence,  while  d9  is  the  apparent  width  as  measured  by  the  micrometer  eye- 
piece. The  true  height  of  the  prominence  will  therefore  be  apparently  increased 
or  diminished,  and  in  the  ratio  indicated  according  as  the  grating  is  used  so  as  to 
make  h  <  y  ar  ^j  >  y.  henry  crew. 

Lunar  Eclipse  of  Nov.  15,  1891.  This  eclipse  was  observed  at  the  Boston  Uni- 
versity Observatory  with  the  7-incli  Clacey  refractor,  jjower  100. 

Throughout  ne;irly  the  entire  eclipse  the  sky  was  clear  and  the  seeing  excel- 
lent. Near  the  close  the  sky  iK'cacne  cloudy,  and  ibe  second  external  contact 
cuuld  not  l>e  observed.  The  tints  upon  the  Moon  during  totalit3'  were  those 
usually  observed,  and  styled  "copjicr  colored,"  though  ui)on  some  portions  there 
was  a  decided  brick-red  tint,  and  at  times  the  appearance  sugi^csted  a  blood 
orange  with  the  outer  skin  removed. 

Several  occultations  were  well  determined,  but  I  wi^h  at  ])resent  to  call  at- 
tention to  those  onl^'  which  presented  certain  striking,  althou^^h  not  new  phen- 
omena. "Optical  illusion"  may  account  for  all.  but  optical  illusions  are  not 
without  cause,  and  it  would  seem  that  the  phenomena  should,  in  i)art,  at  least, 
depend  upon  the  angle  under  which  the  star  approaches  the  moon's  limb. 

DM.  4-  17^.572  approached  the  limb  very  obliquely.  While  skirting  the  limb, 
nearly  parallel  to  it,  the  star  was  lost  for  an  instant,  and,  after  re-api)earing,  it 
seemed  to  hang  upon  the  edge  for  about  one  second,  and  then  to  pass  on  to  the 
face  of  the  moon  about  four  times  its  own  diameter,  and  to  run  along  still  nearly 
parallel  to  the  limb  for  about  three  seconds.  All  this  time  the  star  and  the  limb 
were  clearly  defined.  The  disappearance  at  6^  49'"  33*.4  \v.  m.  t.  was  absolutely 
sudden. 


DM.  4- 17^.573  apiJTOftchcfl  the  Moon  at  a  high  an^te,  scenieti  to  pass  upon 
the  limb  at  a  distance  about  three  times  its  own  diameter^  without  becoming  in- 
distinct,  and  disappeared  suddenly  at  6^  54**  18*.5. 

Another  star  of  about  the  ninth  magnitude  disappeai'ed  in  the  same  manner 
as  the  one  last  named,  a  very  tittle  north  ul  it,  at  <>'»  f»6'"  6*.7. 

There  were  other  stars  whose  disappearance  was  not  entered  as  "sudden/* 
but  when  a  faint  star  approaches  the  dimly  illuminated  Moon  it  does  not  seem  at 
all  strange  that  the  eye,  w*eaned  with  watching,  should  nnliciimte  the  contact, 
and,  as  a  resuit  the  star  will  seem  to  hang  upon  the  limb  of  the  moon  for  a  short 
time  before  disappearing.  In  the  three  cases  cited  above  there  was  nothing  to 
distract  in  any  way  the  observer's  attention,  and  the  apparent  movement  of  the 
star  along  upon  the  Moon*s  disc  was  so  distinct,  especially  in  the  first  instance,  and 
the  observation  so  deliberate  that,  did  it  not  seem  to  contradict  all  fact6«  no 
one  would  have  thou^jht  for  a  moment  of  entering  the  observation  as  doubtfuL 

DM.  4- 17^.564  approached   the  Moon  under  about  the  same  angle  as  HM. 

.  +  17°.573»  and  at  near  the  same  point,  thus  the  conditions  of  the  instrument  and 

bserver  being  the  same,   similar  phenomena  might  have  been  ex|)ected.     How- 

rer  the  disapi)earance  of  17.rj64-  was  absolutely  sudden.    To  be  sure  it  is  brighter 

than  17.573,  but  its  occult  at  ion  occurred  with  fully  one-half  the  Moon  still  clear, 

and  that  of  17.573  during  totality. 

At  e''  23™  16V3  a  star  that  seemed  to  lie  movinj^  along  a  line  tangent  to  the 
Moon  at  the  north  point  was  lost  for  a  moment  near  the  point  of  tangency,  but 
soon  became  distinct  again  and  so  remained.  The  outer  curve  of  the  advancing 
shadow  was  not  observed  to  present  any  distinct  irregularities  of  outline  save  in 
one  instance.  At  6**  10*^  the  outline  of  the  shadow  seemed  to  curve  inward  at  a 
point  directly  eastward  from  the  west  point.  The  eye  was  removed  from  the  tube 
and,  on  returning,  tfie  phenomena  was  none  the  less  distinct,  and  so  continued 
long  enough  to  be  carefully  noted.  This  may  be  most  easily  explained  b^'  calling 
it  an  "optical  illusion,**  but  why  it  should  appear  at  this  time  and  place  is  not 
evident.  If  I  remember  cor recth%  1  was  not,  at  the  time  of  noticing  the  inward 
curvature  engaged  in  examining  the  outline  of  the  shadow,  but  the  phenomenon 
was  so  distinct  as  to  attract  the  attention. 

The  stars  above  referred  to  were  taken  fro  in  the  list  in  The  Siderfal  Mes- 
senger UtT  October,  and  the  identification  is  believed  to  be  correct,  although  I 
have  not  as  yet  found  time  to  make  the  computations  necessary  to  the  removal 
of  all  doubt,  since  some  stars  were  observed  not  given  in  the  list  referred  to 
above.  The  position  of  the  instnimcnt  is  given  tn  The  Mest^eNGUR  for  June^ 
1891.  The  times  were  taken  from  a  sidereal  chronometer  by  an  assistant,  white 
another  made  a  note  of  the  ol>servation8.  j,  «,  c. 

Observations  of  the  Partial  Phase  of  the  Total  Eclipse  of  the  Mood  November  15, 
1S91. — The  following  nbscrvntions  of  the  contitcts  of  the  shadow  with  s<»me  of  the 
craters  wej-c  made  with  the  12-inch  ecjuatoriiil.  They  are  in  Mt.  Hamilton  mean 
time: 

Bisection  of  Tycho* 

'  Copernicus- 

Plato, 
"  Manilius, 
"  Plintus. 
'*  Posidonius. 

**  Mure  Crisium.    Somewhnt  uncertain;  that  portion  c 
the  mare  in  shadow  not  seen. 
Contact  with  the  preceding  end  of  Marc  Crisium. 
End  of  Tutulitv.    Pretty  fair. 


5M1.9"' 
"  15-H 
*  24,8 


51.4 
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A  slight  haze  and  twili^irht  prevented  any  details  being  seen  in  the  shadow, 
though  the  ohscared  limb  of  the  Moon  was  visible  during  the  half  phase.  There 
was  a  slight  coloring  of  red  to  the  portion  nearer  the  middle  of  the  shadow. 

Mt.  Hamiltom,  November  13, 1891.  b.  b.  barnard. 


Disappearance  of  the  New  Red  Spot  on  Jupiter ;  The  Great  Red  Spot  and  Other 
Jorian  Phenomena.  The  new  oblong  red  spot  which  has  been  visible  on  Jupiter 
since  last  year,  on  a  parallel  just  south  of  that  of  the  Great  Red  Spot,  has  dis- 
appeared. 

In  Thb  Sidereal  Messenger  for  October,  p.  413,  I  have  given  some  account 
of  this  object,  and  the  present  observations  will  serve  to  complete  its  history. 

In  the  last  of  October  of  this  year  it  had  attained  its  maximum  distinctness. 
It  was  then  by  far  the  most  conspicuous  and  striking  object  on  the  planet  and 
was  of  a  strong  reddish  color.  It  then  began  to  fade  rather  rapidly,  and  was 
scarcely  discernible  on  Nov.  20.    On  Dec.  14  no  trace  of  it  could  be  seen. 

At  its  maximum  it  strongly  reminded  one,  in  color  and  intensity,  of  the 
Great  Red  Spot  in  1880. 

Throughout  the  past  opposition  of  Jupiter  I  have  carefully  observed  and 
measured  this  singular  spot.  From  these  measures,  there  is  no  evidence  whatever 
that  it  changed  its  latitude  during  the  observations. 

Following  are  micrometer  measures  with  the  12-in.  of  the  distance  of  the  spot 
from  the  south  and  north  limbs  of  Jupiter,  reduced  to  distance  5:20: 

Date.  8.  Limb.    N.  Limb.  Date.  S.  Limb.    N.  Limb. 

1891 


July  13 

9.5 

27.1 

1891    Aug.  28 

8.8 

26.5 

25 

9.0 

27.4 

Sept.  16 

8.6 

26.5 

30 

8.6 

27.0 

18 

8.8 

26.7 

Aug.  23 

9.0 

26.8 

Oct.    6 

8.7 

26.7 

On  November  20  the  spot  transitted  at  8^  2"*  Mt.  Hamilton  mean  time,  and 
its  corresponding  longitude  was  119°.9. 

The  Great  Red  Spot  is  gradually  becoming  more  distinct  in  its  form  and  intense 
in  its  color.  On  Dec.  14  it  was  strongly  marked  and  quite  red.  It  is  now  again 
slackening  in  its  rotation  period.  During  the  past  op|X)sition  its  lortgitude  re- 
mained quite  constant  for  a  number  of  months  at  about  3°.  (See  Sid.  Mbs»s.  for 
Oct.,  1891.)  An  observation  on  Dec.  14  made  its  transit  at  5*»  5.3°»  Mt.  Hamil- 
ton mean  time  and  the  resulting  longitude  ==  6.4°.  At  this  observation  one  of  the 
bright  round  sp>ots  was  on  the  same  meridian  with  the  center  of  the  Red  Spot  and 
just  skirting  its  south  edge. 

The  remarkable  rapidly  moving  black  spots  which  app)eared  on  the  thin  faint 
belt  north  of  the  north  equatorial  band  during  the  past  opposition,  have  ended 
their  existence  by  forming  a  new  heavy  belt  from  the  thin  faint  one  on  which  they 
first  appeared,  an  exact  repetition  of  the  performance  of  the  black  spots  which  ap- 
peared in  the  same  latitude  in  1880.  The  present  phenomenon,  however,  lacked 
much  of  the  remarkable  transformation  of  1880.  The  new  belt  at  the  observa- 
tion of  Dec.  14,  this  year,  was  identical  in  appearance  with  the  north  equatorial 
belt. 

At  the  last  observation  a  number  of  very  singular  oblong  masses  were  visible 
stretching  across  the  south  polar  region  in  a  high  south  latitude. 

Mt.  Hamilton,  Dec.  15,  1891.  e.  e.  barnard. 


Peculiar  Appearance  of  Jupiter's  Fourth  Satellite.    On  the  afternoon  of  the 
12th  instant,  Satellites  III  and  IV  crossed  the  disc  of  Jupiter  in  company;  not  a 


very  frequent  ofcurreiice*  Transit  and  egress  took  place  at  5:10  anH  6:22  w^  m.t. 
rc8|icctivcly.  The  following  reports  rtsspecting  n  peculiarity  marking  tlie  egress  of 
lY  were  read  at  the  last  meeting  «if  the  Astronomicai  nnd  Physiical  S<>eicty  of  To- 
ronto. Mr.  O.  E.  Lnrnsflcn  of  Tonmto,  who  obfH'rved  with  a  lOV^^inch  With 
mirror*  stated  that  III  emerged  from  the  diac  without  noteworthy  feature;  that 
after  it  was  clear  he  saw  IV  on  the  tlisc  near  the  Irmln  a^  an  eHiptiea)  dark  object 
f^'ith  a  heavily  shmlctl  edge  towards  the  planet's  center,  but  that  for  nearly  an 
hour  after  egress  he  could  not  be  positive  that  he  saw  IV  at  all.  thou;;h  he  detect- 
ed certain  brownish  light,  stragjLjhng,  ;is  it  were,  Ijet ween  Jupiter  and  IK,  Emer* 
gcnce  was  not  observed.  The  »ky  was  very  hazy,  but  at  no  time  sufticiencly  so  ns 
to  entirely' obsctirc  planetary  detail;  the  Great  Red  Sjxjt,  though  badly  defined, 
was  fairly  well  seen.  Satellites  I,  U,  and  III  were  very  distinct,  yellow  in  color 
and  of  equal  brightness.  About  7:35  IV  was  glimpsed  as  a  reddishbrown  ball 
halfway  between  the  planet  and  III  and,  apparently,  at  an  enormous  distance 
beyond  them.  Not  much  ditTcrcncc  was  detected  in  the  aspect  of  the  moons  up  to 
8:30,  when  observation  ceased.  Even  at  that  time  IV  looked  like  a  satellite,  com- 
ing out  of  eclipse,— as  a  brownish  ball.  Mr.  J.  C.  Donaldson,  LL.  U,,  of  Fergus, 
sixty-five  miles  north  of  Toroiito,  who  had  a  clear  sky,  wrote:  **On  coming  back 
to  the  telescope  <a  3»,v  inch  refractor,  by  Cooke),  about  6:35,  I  fancy  I  saw  that 
IV''  had  emerged  from  transit,  and  I  could  not  help  noticing  the  great  contrast  in 
color  between  it  and  III  and  Jupiter  itself,  IV  being  of  a  dark  bluish  color,  appar- 
ently so  dark,  in  fact,  that  when  I  tried  a  214-inch  glass  upon  it  I  could  scarcely 
detect  itatalL  In  the  larger  glass  the  sight  was  very  interesting,  the  tvvo  satel- 
lites looking  abuost  like  a  close  double-star  of  complementary*  colors.  III  being  of 
a  golden  yellow,  and  IV  of  a  dark  bbie  color/*  In  the  discussion  which  followed 
it  was  suggested  that  the  bluish  color  seen  by  Dr.  Donaldson  might  have  been  due 
to  the  use  of  a  refractor.  One  of  the  members  was  curious  to  know  whether  the 
possilile  projection  of  IV  against  the  shadow  of  HI  could  have  had  anything  to 
do  with  the  appearance  of  the  former:  in  other  words  could  IV,  as  seen  from  the 
earth,  l)c  brought  into  contact  with  Ill's  shadow  cone,  which  was  more  or  less 
illumined  by  the  planet  in  front  of  whose  face  the  shadow  fell.  c  E.  L, 

I  may  say  with  regard  to  the  above  that,  as  satellite  IV  had  just  emerged 
from  transit  across  the  face  of  the  planet,  it  was  between  the  sun  and  Jupiter, 
(the  transit  of  its  shadow  occurred  a  lew  hours  later),  and,  being  the  outermost 
satellite,  could  not  possibly  come  into  contact  with  the  shadow  of  any  of  the 
other  satellites. 

1  have  in  my  observing  book  several  notes  ivhich  indicate  the  varying  color 
and  brightness  of  this  satellite,  one  on  the  same  night  with  the  observations  of 
Mr.  Lumsdcn  and  Dr.  Donaldson.    I  will  give  some  account  of  these  next  month. 

H.  C.   W. 


Dark  Transit  of  Jupiter's  Satellite  III. —I  noticed  a  dark  transit  of  Jupiter's 
Satellite  III,  Dec.  11>,  at  8:15  p.  M„  Detroit, (.Mich,)  local  time.  The  Satellite  was 
intensely-  black  nnd  was  closely  following  the  great  red  spot,  but  owing  to  the  ex- 
ceedingly poor  definition,  I  was  unable  to  determine  whether  it  was  actually  pro- 
jected on  the  red  spot  or  not.  After  egress,  the  satelHtc  apfiearcd  ver3'  small  and 
faints  certainly  not  brighter  than  Sth  magnitude,  and  of  a  dull  reddish  browu 
color.  H.  s.  n. 


Dark  Tratwit  of  Jupiter's  Satellite  III.  On  the  evening  of  Dec.  19,  5*  10" 
(Central  Time),  I  observed  the  transit  of  Satellite  III.  I  anticipated  a  wcU-de- 
fined  bright  image  but  instead  there  appeared  an  ill-defined  dark  image  which 
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rapidly  Rrew  more  distinct,  and  as  its  path  was  on  the  southern  dark  belt,  the 
satellite,  although  plainly  seen,  was  not  as  clean  cut  and  striking?  as  if  it  had 
traversed  a  lighter  back  ground.  Observation  continued  during  the  entire 
transit.  After  emergence  the  full  round  disk  was  well  shown  against  the  sky, 
but  far  less  brilliant  than  any  of  her  other  three  sinters.  Power  300.  Lat. 
38=*  29';  Long.  85'='  45'.  willis  l.  barnks. 

Charlestown,  Ind. 

Solar  Parallax.— In  No.  3066  of  the  Astronomische  Nachricbten,  Dr.  Auwers 
has  published  the  results  obtained  from  the  licliometer  measures  made  by  the  Ger- 
man Transit  of  Venus  Expeditions  in  1874-  and  1882.  The  stations  and 
measures  were  as  follows : 

1S74.    Tschifu,  96  measures.  1882.    Hartford,  128  measures. 

Kerguelen  Island,  65         '*  Aiken,  48  *' 

Auckland        **      97         ''  Bahia  Blanca,  112 

Mauritius  50         "  Punta  Arenas,  158         ** 

From  the  307  measures  during  the  transit  of  1874  the  resulting  parallax 
comes  out  8.873,"  and.  from  the  444  measures  in  1882.  8.883."  Combining 
these  Dr.  Auwers  gives  as  the  result  it  —  8.880"  ±  0.022." 

This  result  is  larger  than  any  other  obtained  from  the  transit  of  1882,  except- 
ing possibly  that  from  the  French  observations,  which  we  have  not  at  hand  at 
this  moment.  Professor  Harkness  obtained  from  1475  photographs  of  the 
transit  of  1882,  by  the  United  States  Expeditions,  it  =  8.842"  ±  0.012".  From 
the  British  observations  of  contacts  Mr.  E.  J.  Stone  obtained  8.832",  and  from 
the  Brazilian  observations,  Mr.  Cruls  obtained  8.808".  The  results  from  the 
transit  of  1874  ranged  from  8.75"  to  8.93". 

Recently  Dr.  H.  Battermann,  at  Berlin,  has  determined  the  solar  parallax 
from  occultations  of  faint  stars  by  the  moon  during  edipses  and  near  new  moon. 
He  gets  from  250  occultations,  from  April,  1884,  to  October,  1885,  it  =  8.794" 
i  0.016".  H.  c.  w. 

Diameters  of  Sun  and  Venus.  In  Astr.  Xacb.,  So.  3068,  Dr.  .Vuwers  gives  a  dis- 
cussion of  the  heliometer  measures  of  the  diameters  of  the  sun  and  of  Venus,  by 
the  German  Transit  of  Venus  expeditions.  lie  gets  for  the  diameter  of  the  sun,  at 
its  mean  distance,  1919.26",  from  measures  by  twentj'-nine  observers.  The  prob- 
able error  of  this  result  is  ±  0.09".  The  personal  equation  of  the  observers  has, 
however,  a  wide  range,  from  -f-  1.03"  to  —  0.88",  so  that  the  mean  error  of  a 
single  measure  when  those  of  all  observers  are  combined,  is  ±  0.69",  while  that 
for  a  single  observer  is  ±  0.49". 

The  diameter  of  Venus  from  seventeen  complete  measures  by  11  observers 
comes  out  63.406"  at  a  distance  whose  logarithm  is  9.422261,  or  16.76"  at  the 
mean  distance  of  the  sun.  Applying  corrections  for  i)ersonal  equation  Dr.  Auwers 
gets  16.801"  as  the  most  probable  value  for  the  diameter  of  Venus  at  distance 
unity.  11.  c.  w. 

Dark  Structures  in  the  Milky  Way.  During  the  last  year  Knowledge  has 
been  giving  some  most  excellent  full  page  plates  of  stellar  photographs,  by  Mr. 
Barnard  of  Lick  Observatory,  Dr.  Max  Wolf  of  Heidelberg,  and  others.  Almost 
every  number  has  contained  one  or  more  of  these  large  and  l)eautifully  printed 
plates,  showing  some  interesting  regions  of  the  sky,  especially  in  and  about  the 
Galaxy.  The  December  issue  has  a  fine  s|)ecimen,  an  enlarged  photograph  taken 
by  Dr.  Max  Wolf  with  a  Kranz  Aplanatic  camera  of  5^  inches  ai)erture  and  a 
focal  length  of  30^.3  inches.    The  exposure-time  was  11*»  7™.    The  process  was 
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direct  photo-cn^aving  anrt  the  region  was  the  Milky  Way  about  |  Cyg^ni.  The 
interesting  tree-like  structure  in  thi»  picture  made  by  adjacent  dark  spaces  is 
very  noticeable. 

The  Great  40-liich  Telescope*  By  recent  private  letter  from  Messrs  Alvaa 
Clark  &  Sons,  Cambridgeport,  Mass.,  we  learn  that  they  have  every  reason  to 
Ixlieve  that  they  will  soon  lie  able  to  liegin  work  on  the  ijreat  40inch  refractor 
for  southern  California.  The  crown  disk  is  already  in  hand  and  it  is  thought 
to  be  the  6 nest  piece  of  glass  that  these  skilful  opticians  have  ever  seen.  The 
delay  in  obtaining  the  flint  disk  is  due  to  the  unsuccessful  attempt  of  Mr,  Man- 
tojs  of  Paris,  in  moulding  it.  He  has  another  block  ready  for  firing.  Under  date 
of  Sept.  10  he  wrote  as  follows: 

"Jc  me  suis  mis  dc  suit^  au  travail  dc  Taut  re  bloc  dont  je  vous  avais  parU 
ct  qui  etait  reste  in  arrives.  Jc  vais  Ic  pousser  avec  toutc  Tactivit^  possible  ct 
bicntot  voiis  aurez  de  bonnes  nouvelles," 

It  is  the  purpose  of  the  C larks  to  Ijegin  grinding  the  4^-inch  lenses  as  soon  as 
the  flint  disk  is  received.  The  prisms  for  the  Bruce  Photographic  Telescope  are 
already  well  under  way. 


BOOK  NOTICE. 


Worcester's  Comprehensive  Dictionary*    New  Edition,    688  pp.    Messrs.  J.  B. 
Lippincott  &  Co.,  Publishers.    Philadelphia,  Pa, 

Especial  attention  is  called  to  the  new  edition  of  this  Dictionarj^  which  is  pro- 
vided with  Dcnison'R  patent  index,  1  do  not  see  how  this  l>ook  could  be  im- 
proved. It  is  most  convenient  in  form  and  size  and  the  index  makes  it  a  very 
ready  reference-book.  The  page  is  clear,  of  good  print,  and  jiniple  illustration. 
It  is  suited  to  onr  use  as  well  as  any  other  larger  or  smaller  lexicon.  The  last 
page  of  it  contains  the  pronunciations  of  the  names  of  192  stars  and  constella- 
tions, mostly  of  Arabic  origin,  which  so  severely  troubles  everybody  as  to  make 
them  usually'  afraid  to  call  prominent  stars  by  their  well-known  names. 


PUBLISHER'S  NOTICES. 


The  subscription  price  to  Astroxomy  and  Astro-Physics  in  the  United  States 
and  Canada  is  $4.no  per  year,  in  advance.  For  foreign  countries  it  is  $4,40  per 
year.  Payment  should  be  made  in  postal  notes  or  orders  or  bank  drafts.  Per- 
sonal checks  for  subscribers  in  the  United  States  may  be  used. 

Currency  should  always  be  sent  by  registered  letter^ 

Foreign  post-office  orders  should  be  drawn  on  the  post  cffice  in  St.  PauK  a» 
Northfield  is  not  a  forei^  money  order  office, 

AU  communications  pertaining  to  Astro-Phyzfics  or  kindred  brancbei  of 
Physics  should  be  sent  to  George  E.  Hale,  Kenwood  Astro- Ph3'sical  Observatory, 
Chicago,  111. 

All  matter  or  correspondence  relating  to  General  Astronomy,  remittances, sub- 
scriptions and  advertising  should  be  sent  to  VVra.  W.  Payne,  Goodsell  Observa- 
tory, Northfield,  Minn, 

Manuscript  for  publication  should  !je  written  on  ore  side  of  the  pajjer  only, 
and  special  care  sbotild  he  taken  to  write  proper  names  and  all  foreign  names 
plainly.  It  is  requested  that  manuscript  in  French  or  German  be  tyr»e*written. 
If  requested  by  the  authors  when  articles  are  sent  for  publication,  tweaty-Sire  re- 
print copies,  in  covers,  will  be  furnished  free  of  charge.  A  greater  number  of  re- 
prints of  articles  can  be  had,  if  desired,  at  reasonable  rates. 

Ratei^  for  advertising  and  rates  to  news  agents  can  be  had  on  application  to 
the  pu  Wisher  of  this  mag  mine. 
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ARE  THE  COMETS,  OR  ANY  PORTION  OF  THEM,  EVER  REPELLED 

BY  THE  SUN  ?• 

f 

GEORGB  W.  COAKLEY.f 

This  question  may  be  determined  by  considering  the  relative 
forms  of  orbits,  with  reference  to  a  center  of  force,  described 
tinder  the  influence  of  attraction  towards  such  center,  or  of  re- 
pulsion from  it. 

In  the  **  Text-Book  of  General  Astronomy  for  Colleges  and 
Scientific  Schools,"  by  Professor  Charles  A.  Young,  of  Princeton, 
Articles  402,  403,  etc.,  there  is  a  demonstration  of  the /act  that  a 
body,  acted  upon  by  a  center  of  force,  whether  of  attraction  or 
repulsion,  and  varying  according  to  any  and  all  laws  with  re- 
gard to  the  distance  from  that  center,  will  always  describe  equal 
areas  in  equal  times,  and  will  also  be  confined  to  a  single  plane. 
But  the  contrast  in  the  forms  of  the  orbit,  between  the  case  of  at- 
traction towards  the  center  of  force,  and  that  of  repulsion  from 
it,  is  not  sufficiently  noticed  in  that  demonstration,  nor  com- 
pletely exhibited  by  the  limited  figure  employed.  The  following 
figures  are,  therefore,  intended  to  emphasize  this  contrast  of  form 
in  the  two  kinds  of  orbit,  without  repeating  what  Professor 
Young  has  sufficientl}'  proved  with  regard  to  the  equality  of 
areas,  and  the  identity  of  the  orbit's  plane.  In  Fig.  I.  let  S  repre- 
sent the  Sun,  or  any  other  center  of  attraction,  varying  accord- 
ing to  any  law  whatever  as  to  mass  and  distance.  Let  AB  repre- 
sent the  direction  and  velocity  of  a  body,  or  the  space  that  would 
be  described  uniformly  in  the  unit  of  time,  any  arbitrary  unit.  If 
the  body  is  not  affected  by  any  external  force,  it  would  proceed  in 
the  next  unit  of  time  to  describe  the  equal  distance  BB'  in  the 
same  direction.  But  if  S  now  exerts  an  attractive  force  which 
would  alone  carry  the  body  to  the  distance  BB'^  towards  S  in 
this  second  unit  of  time,  then  the  body  will  describe  the  diagonal 
EC  of  the  parallelogram  B'B'\  If  no  further  action  of  S  upon  the 
body  is  exerted,  then  at  the  end  of  the  third  unit  of  time  it  will 
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describe,  in  the  direction  BCC  a  distance  CC  equal  to  BC.  But 
if  the  center  of  force  at  S  should,  in  this  third  unit  of  time»  cause 
the  body  to  describe  the  distance  CC\  when  acting  alone,  then 
the  bod3^  will  describe,  in  this  time,  the  diagonal  CD  of  the  paral- 
lelogram CC.  In  like  manner  the  diagonals  DE,  EF,  etc., 
would  be  described  in  the  fourth ^  fifth,  etc.,  units  of  time. 

It  is  clear  that  these  successive  diagonals  will  form  a  polygonal 
line  enclosing  the  center  of  attraction,  S,  within  it.  This  line  will 
be  concave  towards  the  center  of  force,  in  every  possible  case  of 
attraction. 


c^ 


r 


F 
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If  now  the  unit  of  time  be  chosen,  successively  smaller  and 
smaller,  the  successive  impulses  of  attraction  towards  S  will  be 
more  and  more  frequent,  the  sides  of  the  polygonal  line  becoming 
constantly  shorter.  Finally,  if  the  intervals  of  time  become  infin- 
itesimal, the  sides  of  the  polygonal  line  will  also  be  infinitesimal, 
and  it  will  melt  into  a  continuous  curve,  when  the  attractive  force 
IS  continuous,  the  curve  being,  if  we  choose  to  consider  it  so,  the 
limit  of  the  pol^^gonal  line;  and  the  continuous  action  of  S,  the 
limit  of  its  successively  decreasing  impulses.*  This  curve,  it  is 
evident,  is  in  all  cases  of  attraction,  concave  towards  the  center 
of  force. 

In  rig.  IL  let  S  be  any  center  of  repulsion,  and  let  AB  represent 
the  distance  and  direction  described  by  a  body  in  any  unit  of  time 
when  not  acted  on  by  any  external  force.  Then  in  the  next  unit 
of  time  it  would,  under  similar  circumstances,  describe,  in  the 
same  direction,  an  equal  distance  BB\  But  if,  at  the  beginning 
of  this  second  unit  of  time,  the  body  were  repelled  from  S,  in  the 
direction  SBB^\  to  the  distance  BB'\  in  the  unit  of  time  under  the 
action  of  S  alone,  then  the  body  would  describe  the  diagonal  BC 
of  the  parallelogram  B'B'^ 
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In  a  similar  manner  the  body,  in  the  third,  fourth,  etc.,  units  of 
time,  would  describe  the  diagonals  CD,  DE,  etc.,  of  the  parallelo- 
grams aa\  jyjy  etc. 

Hence  the  polygonal  line  ABCDE,  would  be  described,  having 
the  center  of  force,  in  all  cases  of  repulsion,  on  the  outside,  or  the 
convex  side  of  the  polj'gonal  line.  It  is  evident  also,  that  when 
the  intervals  of  time  are  made  infinitesimal,  the  sides  of  the 
polygonal  line  become  also  infinitesimal,  or  melt  into  a  continu- 
ous curve,  still  convex  to  the  center  of  repulsion. 


In  the  case  of  attraction  w^e  also  know  that  the  concave  curve 
may  become  re-entrant,  as  a  circle,  ellipse,  or  other  closed  curve, 
with  the  center  of  force  somewhere  within  the  enclosure;  or  it 
ma^'  be  a  curve  like  the  parabola,  with  branches  on  each  jude  of 
its  axis, proceeding  to  infinity  and  ultimately  practically  parallel; 
or,  again,  it  may  be  a  curve,  like  the  hyperbola,  with  branches  on 
each  side  of  its  axis  diverging  always  towards  infinit3'.  But  in 
every  such  case  of  attraction,  the  center  of  force  is  within  the 
curve. 

In  the  case  of  repulsion,  however,  no  closed  curve  is  possible. 
It  is  always  either  an  exact  hyperbola,  of  the  conic  sections,  or 
some  curve,  more  or  less  resembling  the  hyperbola  in  form,  with 
the  center  of  force  always  exterior  to  the  curve. 

As  illustrations  of  these  general  laws  of  attraction  and  repul- 
sion with  regard  to  any  center  of  force,  and  the  forms  of  the 
orbits  described  under  their  influence,  it  may  be  ])erniitted  to 
state  some  of  the  results  obtained  by  assuming  certain  particular 
laws  of  attraction  and  of  repulsion.  It  is  well  known  that  the 
Newtonion  law  of  attraction,  applied  to  the  Sun,  and  any 
smaller  mass,  may  give  either  a  circular  orbit,  with  the  Sun  at 
the  center,  or  an  ellipse  of  any  excentricity,  with  the  Sun  at  one 


of  the  foci»  or  a  parabola,  or  hyperbola*  with  the  Sun  at  a  focus^ 
within  the  orbit. 

The  planetary  orbits,  as  welt  as  some  of  the  orbits  of  comets,  iU 
lustra te  the  closed,  or  elliptical  funiis,  and  some  of  the  cometary 
orbits  may  possibly  illustrate  also  the  pnrabofic  and  hyperbolic 
forms,  but  in  all  these  cases  the  orbits  are  concave  to  the  center 
of  force. 

In  a  preceding  number  of  The  Sidereal  Messekcer,  No,  97, 
August,  1S91»  will  be  found  the  proof  that  if  the  Sun  be  regarded 
as  a  center  of  repulsion,  whose  intensity  is  directl3'  as  the  sum  of 
the  masses,  and  inversely  as  the  square  of  the  distance,  or  the 
Newtonian  law,  except  that  attraction  is  replaced  by  repulsion, 
then  the  only  orbit  possible  with  this  law  is  the  hyperbola  of  the 
conic  sections,  but  the  Sun  occupying  the  focus  external  to  the 
hyperbolic  branch  described.  Hence  the  orbit,  in  this  case,  is  con- 
vex to  the  Sun,  or  to  the  center  of  force. 

By  a  process  entirely  similar  to  that  employed  in  that  article  of 
The  Messenger,  the  cases  both  of  attraction  and  repulsion 
when  the  intensity  of  the  force  varied  directl3-  as  the  mass,  and 
also  directly  as  the  distance  from  the  Sun,  were  investigated.  It 
was  found,  as  was  well  known  previously,  that  in  the  case  of  at- 
traction according  to  this  hiw,  the  orbit  is  an  ellipse  with  the 
Sun  at  the  center,  instead  of  at  one  of  the  foci,  and  that  the  time 
of  a  revolution  is  constant  for  ellipses  of  all  sizes. 

It  was  also  found  that  in  the  case  of  repulsion  by  the  Sun,  di- 
rectives the  mass,  and  directly  as  the  distance,  the  orbit  is  the 
conic  hyperbola,  with  the  Sun  also  at  the  hyperbola's  center,  in- 
steiid  of  at  either  focus;  and  hence  the  Sun  is  outside  the  orbit  in 
this  ease,  or  the  orbit  is  convex  to  the  center  of  force.  This  is 
evident  since  the  hyperbola's  center  lies  midway  between  the 
vertices  of  its  two  opposite  branches. 

The  next  two  cases,  one  of  attraction,  the  other  of  repulsion, 
investigated  in  a  similar  manner,  were  on  the  supposition  that 
the  laws  of  attraction  and  repulsion  respectively  were  directly 
as  the  mass  and  inversely  as  the  cube  of  the  distance. 

The  equation  of  the  orbit  found,  in  the  case  of  attraction  ac- 
cording to  this  law,  is 


r  = 


cos(ii^)  ' 


where  r=-  the  radius-vector,  a  =■  the  perihelion  distance,  o  =  the 
variable  angle  made  by  r  with  the  axis,  which  is  the  line  from  the 
Sun  to  the  perihelion  point,  and  n  <  1  in  the  case  of  attraction. 
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On  projecting  the  curve,  with  any  value  of  n  <  1,  as  /i  =  ^  for  ex- 
ample, it  is  readily  seen  to  be  concave  towards  the  Sun. 

Curiously  enough,  in  the  case  of  repulsion^  according  to  this 
law  the  equation  of  the  orbit  is  found  to  be  of  the  same  form, 
viz: 

—  ___?__ 

cos(n^) 

with  similar  meanings  of  r,  a  and  ^,  but  with  n  >  1,  This 
curve  also,  being  projected,  with  any  value  of /i  >  1,  gives  a  curve 
always  convex  to  the  Sun.  In  fact  the  curve  representing  the 
Sun's  attraction  according  to  the  inverse  cube  of  the  distance,  re- 
sembles somewhat  a  parabola  vsrith  infinite  parallel  branches 
proceeding  from  the  perihelion  point,  though  it  is  not  the  or- 
dinary parabola  of  the  conic  sections;  while  the  curve  repre- 
senting the  Sun's  repidsion  with  the  same  law  resembles  the  hy- 
perbola, with  its  constantly  diverging  arms,  though  this  also  is 
not  the  ordinary  hyperbola  of  the  conic  sections. 

Having  now  demonstrated,  and  illustrated  in  several  cases  the 
important  laws,  that  every  orbit  relative  to  the  Sun  as  a  center  ot 
attraction  is  necessarily  concave  to  that  centre  of  force;  and 
secondly,  that  every  orbit  relative  to  the  Sun  as  a  centre  of  repul- 
sion is  necessarily  convex  to  the  same  centre  of  force;  it  remains 
to  apply  these  laws  to  the  well  known  forms  of  the  cometary 
orbits  in  order  to  answer  the  question  at  the  head  of  this  paper. 
Of  course  no  astronomer  will  maintain  that  the  nucleus  and  head 
of  a  comet  that  has  just  passed  around  the  perihelion  point  of  its 
elliptical,  parabolic  or  even  hyperbolic  orbit,  with  the  Sun  at  the 
focus  of  the  orbit,  within  the  curve,  has  not  been  subject  to  the 
Sun's  attraction  at  everN'  point  of  its  path.  The  nucleus  and 
head,  it  will  be  granted,  have  described  a  curve  wholly  concave 
towards  the  Sun.  Not  only  so,  but  every  point  of  its  path  has 
been  determined,  and  can  be  computed  solch'  by  the  great  New- 
tonian law  of  the  Sun's  attraction.  Any  variation  of  this  law,  in 
kind,  or  in  amount,  would  determine  a  wholly  different  curve.  It 
is  well  known  that  after  three  geocentric  right  ascensions  and 
declinations  of  the  nucleus  of  a  comet  have  been  observed  with 
considerable  accuracy,  even  if  they  are  only  a  few  daN's  apart,  an 
astronomer  can  compute  the  path  which  the  comet  will  travel 
among  the  fixed  stars,  and  thus  have  an  ephemeris,  or  cata- 
logue of  its  daily  position,  by  which  he  can  follow  it  as  long  as 
the  telescope  will  show  it.  He  points  his  telescope  each  night 
upon  the  place  marked  in  his  ephemeris,  and  which  places  have 
been  computed  solely  on  the  supposition  that  Newton's  law  of 


attraction  is  mvariable.  Had  there  been  any  defect  in  that  law  it 
would  be  impossible  to  find  the  comet  on  pointing  the  telescope  to 
the  place  marked  iu  the  ephemeris.  For  the  comet  would  have 
departed  from  the  computed  orbit,  and  pursued  a  quite  dift'erent 
path,  in  obedience  to  the  new  law  of  attraction,  or  repulsion.  It 
is  presumed  therefore  that  all  intelligent  astronomers  wnll  agree 
that  Newton's  law  of  attraction  between  the  Sun,  and  the 
nucleus  and  head  of  the  comet,  has  been  implicitly  obeyed  by 
these  parts  of  the  comet,  from  its  first  distant  apj^earance  in  the 
telescope  to  its  perihelion  passage,  and  afterwards  until  it  has 
disappeared  beyond  the  reach  of  the  telescope. 

Moreover,  when  a  comet  is  first  seen  at  the  greatest  distance  at 
which  it  may  be  discovered  by  the  telescope  it  usually  presents  a 
round,  nearly  circular  disk,  and  the  whole  comet  then  moves 
down  towards  its  perihelion,  just  as  a  planet  would  do  if  describ- 
ing an  orbit  with  the  same  excentricity.  There  is  at  that  time  no 
sign  or  suspicion  of  any  repulsion  by  the  Sun  of  any  part  of  the 
comet.  But  on  a  nearer  approach  to  the  Sun,  while  running 
down  to  its  perihelion,  the  phenomenon  of  a  train,  or  so-called 
tail,  is  developed,  generally  directed  away  from  the  Sun.  It  is 
principally  to  account  for  this  phenomenon  that  the  theory  of  re- 
pulsion by  the  Sun,  on  at  least  a  portion  of  the  cometar^-  matter, 
has  been  proposed.  If  this  phenomenon  can  be  explained  in  ac- 
cordance with  known  laws,  there  would  seem  to  be  no  sound 
scientific  reason  for  invoking  any  repulsion  on  the  part  of  the 
Sun,  esfKfcialh'  as  all  the  other  astronomical  forces  are  the  at- 
tractions arising  from  Newton's  law  of  Gravitation. 

For  the  sake  of  argument  however,  let  it  be  granted  that  the 
matter  forming  the  train  projected  behind  it,  while  the  comet  is 
running  down  to  its  perihelion,  is  repelled  by  the  Sun,  instead  of 
being  attracted,  ^^^at  would  be  the  consequence?  The  nucleus 
and  head  of  the  comet  are  being  accelerated  at  every  moment  in 
their  journey  towards  perihelion.  But  these  repelled  particles  of 
the  train  are  not  only  not  being  accelerated  in  the  same  direction, 
because  not  attracted,  hut  are  being  retarded  constantly  by  the 
Sun's  rei)elling  force.  They  must,  therefore,  become  wholly  de- 
tached from  the  comet  in  a  short  time  after  the  beginning  of  the 
solar  repulsion.  Besides,  they  must  begin  at  once  to  move  on  a 
curve  convex  towards  the  Sun,  and  to  descrilie  a  path  that 
would  give  them  a  wholly  different  perihelion,  in  position  and  di- 
rection, from  that  of  the  nucleus  and  head  of  the  comet.  After 
passing  this  perihelion  of  the  convex  orbit,  these  repelled  particles 
must  be  driven  off  by  the  Sun  into  infinite  outer  space,  never 
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again  to  return  to  his  vicinity  by  any  action  he  could  exert.  For 
to  suppose  these  particles  repelled  at  one  time,  and  at  another  to 
be  attracted  by  the  Sun,  seems  entirely  too  arbitrary  to  be  digni- 
fied with  the  name  of  science.  The  particles  of  the  comet's  train, 
thus  supposed  to  be  repelled  by  the  Sun,  must  therefore  be  con- 
sidered to  have  entirely  abandoned  the  solar  system.  They  could 
by  no  possibility  form  parts  of  those  meteoric  ring-systems  regu- 
larly revolving  around  the  Sun  in  closed  elliptic  orbits,  which  fur- 
nish the  various  periodical  showers  of  shooting-stars.  A  few  of 
the  writer's  friends  have  interposed  the  following  objection  to  the 
view  just  stated,  with  regard  to  the  dissipation  of  the  repelled 
particles  of  the  comet's  train.  It  is  conceivable,  says  one,  that 
though  these  particles  are  repelled  by  the  Sun,  far  enough  away 
to  form  the  train,  yet  they  are  attracted  by  the  nucleus  and  head 
of  the  comet  with  sufficient  force  to  be  carried  along  witTi  the 
head,  and  thus  pass  around  the  comet's  perihelion.  The  answer 
to  this  objection  is  two-fold.  First,  that  must  be  a  singular  sort 
of  matter  which  is  at  the  same  time  repelled  by  the  Sun,  and  at- 
tracted by  the  head  of  the  comet,  which  is  itself  attracted  by  the 
Sun,  according  to  Newton's  law.  But  as  this  answer  may  not 
weigh  as  much  with  the  repulsion  theorist  as  perhaps  it  ought, 
this  additional  answer  may  be  made : 

Consider  how  small  the  mass  of  even  the  largest  comet  is ;  gen- 
erally considered  less  than  ^^^  of  the  earth's  mass.  Professor 
Young's  statement  of  the  earth's  mass,  that  of  the  Sun  being  the 
trnit,  is  ^jT^i^u.  He  also  estimates  the  mass  of  a  comet  as  about 
1 5i^ou  of  the  earth's  mass.  Taking,  however,  the  former  estimate, 
will  make  the  comet's  mass  less  than  icxroo^oirTriJo  ^^^  Sun's  mass. 
The  head  of  Donati's  comet  is  given  as  250,000  miles  in  diameter 
by  Professor  Young.  Hence,  even  most  of  the  nearer  positions  of 
the  train  of  this,  comet  were  at  least  as  far  from  its  center  of 
gravity  as  our  moon  is  from  the  earth.  Now  it  is  known  that 
the  Sun's  attraction  on  our  Moon,  at  the  earth's  mean  distance 
from  the  Sun,  is  about  twice  that  which  the  earth  exerts  on  our 
satellite,  at  a  distance  less  than  on^-fourth  of  a  million  miles. 
When,  therefore,  Donati's  comet  was  as  far  from  the  Sun  as  the 
earth  is,  if  he  attracted  these  particles  of  the  train  with  his 
normal  force,  that  attraction  would  be  at  least  10,000  times  as 
great  as  the  attraction  of  the  comet's  head  for  these  same  parti- 
cles, and  man3'  times  greater  still  for  the  3'et  more  distant  parti- 
cles of  the  train.  So  much  for  the  relative  amount  of  attraction 
by  the  Sun  and  b)'  the  comet  itself  on  the  material  forming  its 
train.    But  in  Professor  Y'oung's  Astronomy,  before  referred  to, 


is  the  statement.  Art.  731»  that,  according  to  the  views  of  Bredi- 
chin,  there  are  three  diftercnt  types  of  comets*  tails,  the  long, 
straight  rays,  as  seen  in  Donati's  comet  by  Professor  Bond,  **the 
curved,  plimie-like  train,  like  the  principal  tail  of  Donati's  comet,** 
and  the  **short»  stubby  brushes  violenth^  cur\^ed."  The  trains  of 
the  first  type  are  considered  to  he  due  to  a  repulsive  action 
from  the  Sun,  "tv^'elve  to  fifteen  times  as  great  as  the  gravita- 
tional attraction  ;"  the  trains  of  the  second  type  are  supposed  to 
be  due  to  a  repulsion  from  2.2  times  gravit^^  to  half  that  amount ; 
those  of  the  third  type  are  due  to  repulsive  force  **  only  a  fraction 
of  gravit\%  from  ^  to  t." 

It  follows,  therefore*  that,  even  when  the  comet  is  as  distant 
from  the  Sun  as  the  Earth  is,  the  very  smallest  of  these  supposed 
repulsive  forces,  ^^  that  of  solar  gravity,  is  still  at  least  10(K* 
times  as  great  as  the  comet's  attraction  for  the  repelled  particles 
of  the  train  that  are  only  at  a  comparatively  small  distance 
from  the  head.  When,  furthermore,  the  comet  nms  down  to 
within  a  short  distance  of  the  perihelion  point,  the  inverse  square 
of  its  diminished  distance  from  the  Sun,  will  greatl\'  increase  the 
ratio  of  his  repulsion  to  the  comet's  attraction  for  these  parti- 
cles. It  is  therefore  quite  impossible  for  any  attraction  of  the 
comet's  nucleus  and  head  upon  even  the  nearer  portions  of  its 
train,  and  still  less  f5r  its  attraction  on  the  more  distant  por- 
tions, to  overcome  this  enormous  repulsion  of  the  Sun  for  these 
particles.  It  is  certain,  therefore,  that  they  can  never  pass  the 
comet's  perihelion  point  together  with  the  nucleus  and  head,  nor 
at  any  time  subsequently  on  the  theory  of  repulsion;  since  they 
must,  in  such  case,  move  off  in  an  orbit  convex  to  the  Sun, 
Hence  it  follows  that  all  the  particles  c^'  the  comet's  nucletis  and 
head  that  have  passed  the  perihelion  of  its  orbit  must  be  of  a 
difiVrent  nature  from  those  that  were  repelled  by  the  Sun  previ- 
ous to  that  epoch.  They  must  be  such  particles  of  the  comet  as 
are  subject  to  the  Sun's  attraction  only,  and  not  to  his  repulsion. 
For  otherwise,  as  has  been  showni,  they  could  never  come  up  to 
and  double  the  cape  of  tJie  perihelion.  All  the  particles  that 
were  of  such  a  kind  as  to  be  subject  to  the  Sun's  repulsion  in- 
stead of  his  attraction,  must  have  been  sifted  out  by  that  re- 
pulsion, and  dissipated  tVirever  into  outer  space.  But,  strange  to 
say,  after  the  comet's  perihelion  passage,  a  new  train  or  tail  is 
developed,  usually  turned  away  from  the  Sun,  like  the  one  before 
perihelion  passage.  To  account  for  this  recourse  is  had  again  to 
the  same  theory' of  repulsion.  But  why  should  these  particles  of 
the  comet,  which,  before  coming  to  perihelion,  were  not  subject 
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to  repulsion,  because  this  would  have  prevented  their  passage, 
be  now  changed  in  their  allegiance  to  the  Newtonian  law?  The 
truth  is,  a  new  explanation  of  the  trains  or  tails  of  comets  must 
be  found,  not  involving  the  supposition  of  any  repulsion.  The 
proper  consideration  of  the  forms  of  orbits,  necessarih'  described 
under  any  central  repulsive  force^  and  under  a  central  attractive 
force,  demonstrate  the  absurdity  of  supposing  any  portions  of  a 
comet  to  be  repelled  by  the  Sun. 

There  is  no  question  that  there  is  something  in  the  pretty  regu- 
lar turning  of  a  comet's  train  awa)'  from  the  Sun,  both  before 
and  after  perihelion-passage,  that  looks  very  much  like  repulsion 
by  the  Sun  of  some  portions  of  the  cometary  matter.  But  it 
does  not  follow  from  this  appearance  that  there  is  any  real  re- 
pulsion. So  also  it  looks  very  much  as  though  the  Sun  rose  up 
every  morning  from  below  the  eastern  horizon,  travels  along  the 
vault  of  the  heavens,  in  a  western  direction,  and  sets  every  even- 
ing in  the  west,  while  the  Earth  below  him  stands  still.  And 
this  view  was  actually  maintained  for  many  ages.  But  now 
every  one  knows  that  this  is  only  an  appearance  and  not  the  re- 
ality. So  also,  the  heaping  up  of  the  waters  of  the  ocean  on  the 
side  of  the  Earth  opposite  to  the  Moon,  looks  as  though  the 
Moon  repelled  the  waters  of  the  more  distant  hemisphere,  while 
she  attracts  those  of  the  nearer  hemisphere,  and  so  tends  to  raise 
a  tide  immediately  under  her,  by  attraction,  and  another  oppo- 
site to  her,  b^'  repulsion.  But  astronomers  know  that  there  is 
no  repulsion  in  the  case,  but  only  a  difference  of  attraction  on 
the  Earth  as  a  whole,  at  its  centre,  and  a  greater  attraction  on 
the  waters  of  the  nearer  hemisphere,  with  a  less  attraction  on 
the  waters  of  the  remote  hemisphere.  It  seems  strange  that  as- 
tronomers have  not  long  ago  taken  the  hint  from  our  own  tides^ 
and  applied  this  same  theory  of  the  Sun's  Difference  of  Attrac- 
tion on  the  nearer  and  remoter  portions  of  a  comet,  to  explain 
its  figure  of  equilibrium.  The  smallness  of  a  comet's  masSy  the 
greatness  of  its  volume,  and  the  rapid  diminution  of  its  distance 
from  the  Sun  while  approaching  its  j)erihelion,  or  its  rapid  in- 
crease of  distance  while  receding  from  the  same  j)()int,  are  the 
important  factors  in  this  exi)lanation ;  together  with  one  more 
point,  which  is  this.  The  actions  of  the  Moon  and  Sun  on  the 
waters  of  our  globe  are  small  and  nearly  equal  practically  in  the 
two  opposite  hemispheres,  first  because  of  their  great  distance 
from  the  Earth  compared  with  the  diameter  of  our  globe;  sec- 
ondly because  of  the  Earth's  comparatively  large  mass,  more 
than  5000  times  that  of  anv  comet ;  and  thirdlv  because  of  the 


nearly  constant  distances  of  the  two  tide-raising  forces.  On  the 
contrary,  the  comet^s  large  volume  and  small  mass,  and  its  va- 
rjing  distance  from  the  Sun,  conspire  to  make  his  tidal  distur- 
bance large,  and  variable  with  the  distance,  and  largely  different 
from  each  other  on  the  comet's  opposite  sides,  the  one  nearer  and 
the  other  more  remote  from  him. 

Regarding  the  comet,  as  in  the  older  and  truer  view,  as  a  mere 
mass  of  ver\^  rare  gas  or  vapmirj  the  Sun's  tidal  disturbing  force 
would  j)enetrate,  with  varj^ing  force,  to  its  verv-  centre,  when  the 
comet  was  at  its  greatest  distance.  The  greater  disturbance  in 
the  nearer  half  of  the  cometary  mass,  than  in  the  more  remote, 
would  tend  to  transport  more  of  its  material  to  the  hemisphere 
nearest  the  Sun,  and  thus  transfer  the  centre  of  gravity,  the 
nucleus,  in  that  direction.  This  in  turn  would  give  greater 
power  of  attraction  to  the  nucleus  upon  the  surface  nearest  the 
Sun,  and  diminish  its  control  on  the  more  remote  parts  of  the 
comet  in  the  opposite  direction.  The  writer  may  be  permitted  to 
refer  to  the  volumes  of  the  American  Association  for  the  Ad- 
vancement' of  Science,  for  his  paper  '*0n  the  Tidal  Theory  of 
Comets,**  presented  at  Cambridge,  Mass,,  in  1880. 

There  is  a  difficulty  connected  with  the  passage  of  a  comet,  and 
its  train,  around  the  perihelion  point  of  the  orbits  which  still 
seems  to  need  clearing  up.  Some  of  the  older  writers  on  the  sub- 
ject usually  represented  the  whole  comet,  nucleus,  head,  and 
train  stretching  away  from  the  Sun  in  a  straight  line,  for  rail- 
lions  of  miles,  like  a  stiff  rod,  passing  around  the  perihelion 
point,  always  in  that  same  relative  position,  head  and  nucleus 
towards  the  Sun,  and  the  distant  train  straight  out  from  the 
perihelion  point,  and  then  sweeping  around  faster  than  the  head, 
so  as  to  get  into  position  awav  trow  the  Sun^  after  the  peri- 
helion passage.  But  this  sort  of  motion,  as  pointed  out  by  Sir 
John  Herschel,  is  a  mechanical  impossibility.  For  the  parts  of 
the  comet  nearest  the  perihelion  have  necessarily  the  greater  ve- 
locity, and  those  more  distant  a  correspondingly  less  velocity, 
the  velocity  in  cometary  orbits  varying  nearly  as  the  inverse 
square  root  of  the  radius-vector.  The  more  modern  view  seems 
to  be,  thoughlit  is  nowhere  vcr^^  confidently  asserted,  that  the 
old  train,  before  perihelion-passage,  has  been  entirely  dissipated 
by  the  Sun's* repulsion,  and  that  the  train  seen  after  perihelion- 
passage  is  a  new  one,  subsequently  developed  by  a  new  repulsion. 
The  absurdity  of  this  second  supposition  has  perhaps  been  made 
plain  enough. 

On  the  tidal  theorv  of  the  forms  of  comets,  the  train  is  behind 
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the  nucleus  and  head,  in  time  while  approaching  perihelion,  be- 
cause, being  more  distant  from  the  Sun,  it  is  moving  more 
slowly,  in  obedience  to  the  inverse  square  root  of  the  radius- 
vector.  But  it  is  moving,  as  nearly  as  may  fee,  along  the  same 
orbit  pursued  by  the  head.  It  reaches  the  perihelion  later  than 
the  head  and  nucleus.  In  fact,  so  great  is  the  increase  of  velocity 
of  the  comet's  head,  when  near  perihelion  that  it,  as  it  were, 
jerks  away  from  and  severs  entirely  its  connection  with  at  least 
the  more  remote  portions  of  the  train. 

After  perihelion  passage  of  the  comet's  head,  the  same  tidal 
perturbation  of  the  comet's  figure  by  the  Sun,  now  at  its  maxi- 
mum on  account  of  its  least  distance,  develops  the  same  elon- 
gated figure,  with  the  comet's  centre  of  gravity,  its  nucleus,  near- 
est to  the  Sun.  Some  portions  of  the  old  ante- perihelion  train 
are  never  able,  though  following  along  the  same  general  orbit, 
because  still  attracted  by  the  Sun,  to  overtake  the  head,  nucleus, 
and  new  train,  that  have  preceded  it  in  perihelion-passage.  Even 
when  the  head,  or  main  portion  of  the  comet,  has  reached  the 
aphelion  of  its  elongated  ellipse,  the  portions  of  the  old  train 
left  behind  have  not  yet  reached  that  point,  and  are  slowly  climb- 
ing towards  it  with  retarded  motion,  while  the  head  has  com- 
menced its  accelerated  motion  towards  the  perihelion  once  more. 
Of  course  the  old  train  can  never  overtake  the  head ;  it  is  always 
behind  the  latter. 

At  the  next  perihelion-passage  of  the  comet's  head,  a  nevv  por- 
tion of  the  new  ante-perihelion  train  is  similarly  detached.  Thus 
there  are  at  least  two  cloud-like  masses  of  cometary  matter,  fol- 
lowing in  the  orbit  of  the  comet's  head.  At  the  next  perihelion- 
passage  there  will  be  a  third  cloud  of  cometary  particles  de- 
tached, and  so  on,  after  each  successive  revolution.  These  cloud- 
like detached  particles  will  ultimately  be  distributed  along  the 
orbit,  over  a  large  arc,  or  in  some  cases  throughout  the  entire 
orbit.  These  are  the  meteoric  masses,  describing  elliptical  orbits 
about  the  Sun,  derived  from  the  successive  disintegrations  of  a 
comet  at  each  passage  of  its  perihelion,  and  with  sometimes  one 
or  more  comets  pursuing  the  same  orbit.  In  this  way  the  No- 
vember meteoric  bodies,  or  the  August  meteoric  bodies,  and 
others,  may  be  explained.  It  is  then  only  requisite  that  the  or- 
bits of  these  bodies  should  nearh'  or  quite  intersect  that  of  the 
Earth,  to  bring  about  a  periodic  swarm  of  shooting  stars. 

If  it  be  granted,  as  is  most  probably  the  case,  that  these  me- 
teoric masses,  are  somehow  derived  from  the  disintegration  of 
the  trains  of  comets,  then  it  is  quite  certain  that  they  were  never 


repelled  by  the  Sun.  For  thei^e  masses  revolve  in  regular  ellipses, 
concave  towards  the  Sun,  which  occupies  the  focus  of  their  or* 
bits  just  as  in  the  case  of  the  planets.  The  orbits  o(  these  bodies, 
moreover,  have  been  computed  by  the  same  Newtonian  law  of 
attraction  by  which  the  orbits  of  the  other  members  of  the  So- 
lar System  have  been  determined.  This  is  perhaps  the  most  posi- 
tive demonstration  that  no  parts  whatever  of  a  comet  are  re- 
pelled by  the  Sun,  but  that  all  are  attrncted  in  accordance  with 
the  great  Newtonian  law.  No  closed  curve,  like  the  elliptical 
orbits  of  the  meteoric  masses,  could  possibly  be  described  under 
the  influence  of  any  repulsive  force.  If  therefore,  these  meteoric 
particles  are  attracted,  and  not  repelled,  as  is  certainly  the  case, 
then  no  good  reason  can  be  assigned  why  those  particles  form- 
ing even  the  extreme  portions  of  a  comet's  train  should  be  re- 
pelled by  the  Sun, 


THE   EFFECT    OF    PRESSURE    UPON   THE    TRANSMISSION    OF    RA- 
DIANT  ENERGY  THROUGH  GASEOUS    MEDIA/ 


SBVBRIKTS  J,  CORRIGAK. 


Equation  <15)  shows  that  the  quantity  of  heat,  Q,  emitted 
from  unit  surface,  and  transmitted  through  a  gaseous  medium  is» 
when  the  tem|)erature»  t,,  of  the  source  of  heat,  and  tj,  that  of  the 
enclosing  walls  are  constant,  a  function  of  the  pressure,  F, ;  /.  e., 
Q  ~  tf  (P),  and  it  is  obvious  that,  if  these  temperatures  be  varied, 
the  pressure  remaining  constant,  the  quantity  of  heat  radiated 
will  also  be  varied,  or,  in  other  words  that  Q  will  be  also  a  func* 
tion  of  t,  and  t, ;  /,  e.,  Q  =  v^(tj,  tj ;  therefore,  when  both  of  the 
temperatures,  and  also  the  pressure,  Yar>%  the  quantity'  of  energj' 
radiated,  in  unit  time,  from  unit  surface  will  be  a  fimction  of  t,.  t, 
and  P,  and  we  can  write  Q  =-.  ^  (t,  t,)  .if  (P),  (24).  The  result- 
ant quantit3%  Q,  is,  therefore,  composed  of  two  components,  viz,: 
v(^,  t,)  and  <f(P).  The  second,  as  has  been  shown,  is  dependent 
upon  the  orbital  motion  of  the  atoms  composing  the  molecules  of 
the  gas,  around  a  common  centre  of  attraction,  in  the  same  man- 
ner and  according  to  the  same  law  that  governs  the  motions  of 
the  planets  around  the  Sun,  and  of  two  suns  or  stars  around  their 
common  centre  of  gravity.    Its  value  is,  as  has  been  shown  by 

equation  (15),  expressed  by  v(P)  -  P^^. 
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The  first  component  ff(t^^  t,),  due  to  temperature,  can  be  re- 
garded as  indicating  a  perturbative  action  upon  the  orbital 
motion  represented  by  the  second  factor  of  the  second  member  of 
equation  (24),  or  to  a  vibratory  movement  of  each  system  of 
atoms,  i.  e.,each  molecule,  in  a  longitudinal  direction^  this  motion 
being  due  to  an  impulse  emanating  from  those  vibrating  particles 
of  the  "source  of  heat"  that  are  in  contact  with  the  gaseous 
medium,  /.  e.,  the  surface  particles.  For  the  explicit  value  of  the 
first  function  I  have  taken  the  following : 

f(t„t)  =  Ca^t(a^2-t,_i), 

which  is  based  upon  Dulong  and  Petit's  well  known  empirical 
formula,  and  in  which  C  is  a  constant  depending  upon  the  nature 
of  the  radiating  surface,  while,  a  is  a  constant  having  for  its 
Talue  1 .0051  when  the  temperatures  are  measured  according  to 
Fahrenheit's  scale.  It  differs  from  Dulong  and  Petit's  value 
which  is  1.0043,  but  their  formula  was  deduced  from  experiments 
upon  a  body  heated  to  less  than  450  degrees  Fahr.,  while,  in  the 
cases  which  I  have  investigated,  the  temperature  exceeded  2100 
degrees. 

The  value,  1.0051,  I  have  deduced  from  some  of  Professor 
Draper's  investigations  upon  the  radiation  of  light  from  bodies  at 
temperatures  of  from  1900  to  2600  degrees  Fahr. 

The  value  of  C  for  one  square  inch  of  polished  copper  is,  approx- 
imately, .00002647  of  a  thermal  unit,  i.  e.,  of  a  pound-degree 
Fahrenheit,  per  second.  Its  value  for  other  substances  can  also 
be  determined  experimentally. 

The  quantity  of  energ>^  radiated  from  a  heated  body,  under 
varying  conditions  of  temperature  and  pressure,  can,  therefore, 
be  expressed  b^'  the  following  equation : 

Q=  f(t„t;).f(P)=Ca^i(a^i-^'-l).P4'r,  (25). 

That  is,  if  we  know  the  quantity  of  heat  or  energy  radiated,  in 
unit  time,  from  unit  surface  of  a  **  source  of  heat "  at  a  given  tem- 
perature, tj,  the  temperature,  t^,  of  the  enclosing  walls  being  also 
known,  and  the  enclosed  gas  being  under  a  given  pressure,  P,  we 
can  find  by  means  of  equation  (25),  the  quantity  radiated  at  any 
other  temperatures  and  pressures.  I  have  used  this  equation  for 
the  purpose  of  obtaining  the  absolute  quantity  of  energy  radiated 
ID  unit  time,  from  the  filament  of  a  16  candle-power  incandescent 
electric  lamp  in  which  the  pressure  of  the  enclosed  air  was  reduced 
to  TTHj JmnF  of  "^he  normal  atmospheric  pressure,  and  the  result,  in 
units  of  electric  energy,/.  e.,in  volt-amperes,  or  watts,  or  in  equiv- 
alent thermal  units,  or  in  units  of  energy,  i.  e.,  either  ergs,  or  horse- 
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po^wer,  is  almost  exactly  the  same  as  those  obtained  by  many 
tests  made  by  several  electric-lighting  companies.  For  instance, 
the  glossy  metal-like  surface  of  the  filament  of  the  latest  16  can- 
dle-power **  Edison  **  lamp  radiates  54  volt-amperes,  or  watts,  of 
electrical  energy,  equivalent  to  .054  of  a  thermal  unit,  or  .072  of 
a  unit  of  electrical  horse-power.  Taking  the  temperature  of  the 
filament  at  2100  degrees  Fahrenheit,  which  is,  ver^^  nearly,  the 
temperature  of  perfectly  white  lij^ht,  the  temperature  of  the  glass 
bulb  at  150  degrees,  and  the  pressure  of  the  enclosed  air  at 
TTJirJ«T>«  Q^  ^^^  normal  atmospheric  pressure  of  30  inches  of  mer- 
cury, equation  (25)  wi!l  give,  as  the  quantity  radiated,  55,8  volt- 
Cimperes,  or  watts,  i.  e.,  ,0558  of  a  thermal  unit,  or  .075  of  a 
unit  of  electrical  horse-power;  a  ver>'  close  agreement  between 
the  resiilts  of  actual  practice  and  those  of  theory. 

Therefore  I  think  that  the  validity  of  equation  (25)  and  of  all 
the  preceding  ones  through  which  they  have  been  derived,  and  of 
all  the  imnciples  on  which  they  are  based,  is  established. 

Any  statement  purporting  to  furnish  an  absolutely  true,  com- 
plete and  accurate  explanation  of  all  the  known  phenomena  of 
**  radiation,**  would  be,  I  think,  premature  and  unwarranted,  and 
if  such  statement  could  be  properly  made,  it  would  require  far 
more  space  than  could  be  devoted  to  it  in  Astronomy  and  Astro- 
Physics,  or  in  any  other  publication  whose  jirovince  is  the  same. 
But  the  existence  of  an  orbttnl  motion  of  the  atoms  of  a  gas,  and 
also  of  a  longitudinal  vibration  of  the  system  of  atoms  or  the 
molecules,  is,  I  think,  established.  The  combination  of  a  rota- 
tional movement  with  a  longittidioal  one,  /.  c,  of  bi)th  a  trans- 
verse and  a  longitudinHl  vibration  of  the  energy-bearing  or 
transmitting  molecules  furnishes,  probably,  the  key  to  certain 
phenomena  of*'  radiation  '*  which  have  been  heretofore  not  clearly 
explicable.  In  '* radiation**  there  is  probably  no  transference  of 
matter,  only  motion  being  propagated,  and  the  onh^  molecules 
that  need  be  considered  in  this  connection  are  those  which  are  in 
contact  with  the  surface  of  the  radiating  and  also  of  the  receiving 
body. 

The  resultant  path  of  the  revolving  atoms  can  be  represented 
when  the  velocity  in  the  longitudinal  direction  is  much  greater 
than  the  orbital  velocity,  by  a  wave*like  reversed  curve,  for  one- 
half  of  the  duration  of  the  complete  longitudinal  vibration,  and 
by  a  like  curve  running  in  the  opposite  direction,  for  the  other 
half.  Could  the  body  to  which  heat  is  radiated  be  a  perfect  ab 
sorber,  there  would  be  a  reversed  cu!*A^e,  or  a  wave  in  only  one 
direction  as  shown  in  Fig,  1 ,  in  which  S  represents  the  **  source  of 
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heat,*'  and  R  the  receiver  or  ab- 
sorber. In  this  case  there  will  fie  a 
curve  in  only  one  direction,  indi- 
cated by  the  arrow,  because  the 
motion  of  the  revolving  atoms  will 
be  destroyed  or  rather  be  wholly 
given  up  to  atoms  composing  the 
receiver,  R,  so  that  there  can  be  no 
return  curve  or  wave.  In  the  case  where  the  receiver  cannot  ab- 
sorb heat,  I.  e.,  where  it  is  a  perfect  reflector,  the  action  is  repre- 
sented in  Fig.  2 ;  the  longi- 
tudinal vibration  being 
complete,  there  is  a  return 
curve  or  wave  as  shown  by 
the  arrows;  the  figure  re- 
presents the  fact  that  as 
much  heat  is  sent  back  or 
rettected  to  the  ** source" 
as  has  been  radiated  from  it,  or,  in  other  words,  that  the  source 
has  lost  no  heat. 

The  molecules  which  have  given  up  their  motion  are  replaced 
by  others  more  active,  thus  producing  the  phenomenon  called 
'^convections  In  the  above  diagrams  only  one  wave  is  repre- 
sented moving  in  the  same  direction,  but  the  number  is  dependent 
upon  both  the  orbital  and  the  longitudinal  velocities,  and  it  is 
really  almost  inconceivably  great. 

Could  there  he  a  condition  in  which  a  mass 
of  gas,  such  as  the  atmosphere,  would  not 
be  acted  upon  by  *' radiations'*  from**sources 
of  heat/'  the  condition  would  be  rei)resented 
b\'  Fig.  3,  in  which  the  atoms  revohdng  in 
f^i^  ^""''  the  orbit  represented  by  the  circle  make  sim- 

ple contact  with  the  wall   W,  at  only  one 
point,  C,  and  the  amount  of  inii)act  R 

is  infinitely  small.  But  if,  as  is  al- 
ways the  case,  the  molecules  or 
systems  of  revolving  atoms  are 
given  a  vibrator^'  motion  in  a  long- 
itudinal direction,  b^-  an  impulse 
imparted  to  them  b\'  the  molecules 
of  some  heated  body,  the  condition 
would  be  represented  In-  Fig.  4,  in  which  S  represents  the  radiat- 
ing surface  and  R  the  surface  of  the  receiver. 
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We  can  see  that,  by  the  shifting  of  the  system  oT  revohHng 
atoms  longitudinalH'  from  S  to  R,  the  centre,  C,  moving  as  indi- 
cated by  the  arrow,  the  atom  would  make  more  than  a  simple 
contact  with  the  receiving  surface,  R,  and  that  the  latter  would, 
in  fact,  receive  the  full  force  of  the  impact  and  be  heated  thereby. 
P  Fig,   5  conveys  the  idea  that  the  same 

effect  that  is  shown  in  Fig.  4,  /'.  e,,  the 
heating  of  a  receiving  body,  can  be  pro- 
duced even  if  there  be  no  shifting  of  the 
system  of  atoms,  or  the  molecule  longi- 
tudtnally ;  in  other  words,  if  there  be  no 
body  radiating  heat,  the  effect  being  pro- 
duced by  the  moving  of  the  receiving  sur- 
face, R,  to  the  left,  the  centre  of  the  system,  or  C,  remaining  sta- 
tionary. It  will  be  seen  that  in  this  case,  as  in  the  Ibrmer,  the 
atom  can  make  full  impact  upon  R  and  heat  it. 

This  is  onh^  one  way  of  expressing  the  well  known  fact 
that  compression  will  generate  heat.  The  heating  of  meteoric 
masses  is  a  notable  case  in  point;  the  meteors,  rushing  with  a 
very  great  velocity,  into  our  atmosphere,  compress  the  molecules 
thereof,  and  the  revolving  atoms  composing  these  molecules,  beat 
against  the  surfaces  of  the  meteors,  heating  these  bodies  to  in- 
cfindescence. 

It  is  neither  impossible  nor  improbable  that  the  two  revolving 
atoms  of  each  system  are  in  a  state  of  polarity,  one  positive  and 
the  other  negative,  thus  being  mutually  attracted  by  reason  of 
their  polarity  but  kept  apart  b\'  the  ** centrifugal  force**  due  to 
their  orbititl  revolution,  and,  under  this  hypothesis,  each  system 
can  be  regarded  as  a  little  magnet.  The  property,  possessed  by  a 
magnet,  of  generating  or  inducing  electrical  currents  when 
moved  toward  or  from  a  conducting  coil,  is  well  known,  and  the 
greater  the  velocity  of  the  approach  and  the  recession,  the 
greater  will  be  the  current.  Therefore,  if  we  regard  the  retina  as 
representing  the  coil  in  which  currents  are  induced,  and  each  sys- 
tem of  polarized  atoms  as  the  magnet,  the  approach  and  reces- 
sion of  the  system  to  and  from  the  retina,  may  generate  therein 
molecular  disturbance  which,  being  conveyed,  by  the  optic  nerve, 
to  the  brain,  produces  therein  that  sensation  which  is  called 
** light."  **Heat''  appears  to  be  a  purely  mechanical  effect  due 
to  the  impact  of  the  revolving  atoms  upon  those  of  the  receiving 
bod^^  and,  as  has  been  shown  above,  it  is  a  function  of  the  or- 
bitai  velocity,  i,  e.,  its  amount  depends  not  only  upon  the  temper- 
ature of  the  ** source**  but  also  upon  the  pressure  of  the  trans- 


nittiDggaseotts  mass,  or  in  other  words  upon  the     cc  ictor 

of  the  second  oierabcr  of  equation   (25),    But  tb     ntens      -  of 
"fifIit**does  not  seem  to  vary  with  the  pressure,  1        c        witl 
the  tcsnperatore  of  the  **  source/*  it  appears  to  be,  particulai 
ftlboctioit  of  the  first  factor  of  the  right  hand  member  of  equ 
&i  (25),  that  is,  it  seems  to  depend  principally  upon  the  i 
jUitf  of  the  vibrations  of  each  system  of  revoUing  polari^eo 
«taiBSDr  magnets^  in  a  longitudinal  direction. 

The  opinion  of  the  late  Professor  J,  Clerk  Maxwell,  that 
''^ht'*  is  an  electro-magnetic  phenomenon  is  well  kno\\Ti,  and 
eheld  by  many  other  ph^'sicists. 

Of  the  absofute  nature  of  the  polar  forces  we  can,  probably^ 
fc*rn  nothing;  like  '* gravity'*  or  any  other  force,  we  can  know 
tkmoiily  by  the  effects  which  they  cause;  we  are  not  debarred 
iim  advancing  a  hypothesis  as  to  their  existence  and  probable 
dects,  but,  for  the  establishment  of  the  truth  of  such  hypothesis 
fft  mttst  depend  solely  on  the  agreeraent  between  the  proposi- 
tiott  tbereoC  and  the  facts  derived  from  observation  of  the  phe- 
wmmsi  of  '*  radiation/ ' 

It  should  be  noted  that,  in  the  theory  which  1  have  above  ad- 
Titiictd,  the  so-called  molecular  forces  which  generate  heat,  and 
die  other  forms  of  energy  which  are  regarded  as  due  to  the  mo- 
tioQ  of  the  infinitesimal  particles  of  matter,  are  considered  as 
prodncing  a  vibration  of  the  *i£oms  which  constitute  the  molecule, 
M  well  as  a  vibrator)'  movement  of  the  mohcute  itself,  which 
litter  vibration  seems  to  have  been  the  only  one  heretofore  re* 
l^irdcd.  According  to  my  theory  the  simplest  form  of  molecule 
inmld  be  one  composed  of  onlj*  two  atoms  revolving  in  one 
pkae  (the  orbit  being  a  circle  for  instance)  but  the  number  of 
component  atoms  may  be  indefinitely  great  and  the  number  of 
phfies  or  orbits  in  which  they  move  may  be  likewise  indefinite, 
bat  there  must  be  a  common  focus  around  which  these  atoms, 
the  components  of  the  molecule,  revolve. 

If  we  regard  the  orbit  as  a  circle  (which  can  be  done,  since, 
whatever  may  be  the  normal  orbit,  the  pressure  upon  the  gaseous 
mass,  due  to  gravity,  must  tend  to  constrain  the  orbit  to,  at 
least,  an  approximately  circular  form),  we  can  conceive  of  any 
number  of  such  circular  orbits  lying  in  all  planes  throughout  the 
whole  360  degrees  of  a  circle,  but  having  a  common  focus  or 
centre;  we  can  also  conceive  of  the  existence  of  an  indefinitely 
great  number  of  sets  of  two  atoms  revolving  in  each  plane; 
therefore,  according  to  this  view,  a  molecule  would  be  a  spherical 
ahdl  composed   of  an  indefinitely  great   number   of  revolving 


atoms  moving  around  a  focus  within  the  shell,  and,  since  each 
orbit  or  each  system  of  atoms  is  subject  to  change  under  the  ac- 
tion of  extraneous  forces,  expanding  when  the  linear  velocity  in 
the  orbit  is  increased  by  an  impulse  from  the  moving  atoms  of 
other  molecules,  or  by  any  other  means,  and  contracting  when 
said  velocity  is  decreased  by  impact  against  the  atoms  of  neigh- 
boring molecules  or  otherwise,  a  mass  composed  of  molecules  so 
constituted  would  possess  those  properties  which  the  phenomena 
of  **  radiation '*  seem  to  indicate  as  indispensable  attributes  of  a 
perfect  transmitting  medium. 

By  thus  considering  each  molecule  as  composed  of  separate 
bodies  revolving  around  a  common  focus,  Dalton's  law,  which 
asserts  that  **  in  a  mixture  of  different  gases^  when  there  is  e^juili- 
brium,  each  gas  behaves  as  a  vacuum  to  all  the  rest,"  is  clearly 
explicable,  because,  according  to  this  view*  there  is  sufficient 
room  for  the  co-existence  and  the  motion  of  the  atoms  compos- 
ing the  molecnles  of  each  gas,  around  their  respective  foci. 

The  diagrams  given  above  are  intended  to  convey  only  a  gen- 
eral idea  of  the  action  of  the  revolving  atoms  producing  the  phe- 
nomena of  **  radiation,**  and  a  more  specific  statement  in  regard 
to  the  nature  of  the  atomic  movements  and  orbits  will  now  be 
set  forth. 

We  can  conceive  that  the  linear  velocity  of  an  atom  moWng, 
when  the  gaseous  mass  is  in  eqiiiHbrium,  in  an  approximately 
circular  orbit,  as  augmented,  either  by  impact  from  the  vibra- 
ting particles  of  a  source  of  heat,"  or  l>y  compression ;  and  we  can 
determine  the  nature  and  amount  of  the  change  effected  in  the 
elements  by  such  an  augmentation  of  the  linear  velocity.  To  do 
so  we  need  only  to  consider  the  simple  and  well  known  mathe- 
matical relations  which  exist  between  the  elements  of  any  orbit 
described  by  a  body  subject  to  the  action  of  a  centripetal  force 
which  varies  inversely  as  the  square  of  the  distance;  it  is  plain 
that  such  an  orbit  must  be  one  of  the  **  conic  sections,'*  and  the 
atomic  orbits  are  not  exceptions. 

The  equations  which  express  the  relations  between  the  elements 
of  any  orbit  are  the  following : 

P  = ]L {«) 


a  = 


^~  V2 


e  =  v'l_ 


(c) 
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9  =  rT7-  (''> 

in  which  F,  represents  the  linear  velocity  of  the  body,  r,  its  ra- 
dius-vector, v'v  the  angle  between  the  radius- vector  and  a  tangent 
to  the  orbit  at  the  extremity  of  said  radius,  p,  the  semi-para- 
meter, a,  the  semi-transverse  axis,  e,  the  eccentricity,  and  qr,  the 
shortest  distance,  of  the  moving  body  from  the  focus,  while  A, 
represents  the  unit  of  attractive  force  which,  for  our  purpose,  can 
be  regarded  simply  as  unity,  as  relative  values  only  are  to  be  con- 
sidered. The  angle,  v's  is,  in  the  case  of  a  circular  orbit,  always 
a  right  angle,  but  if  we  conceive  the  moving  body  to  receive  an 
impulse  from  without,  not  only  will  the  linear  velocity  be  aug- 
mented but  the  direction  of  the  motion  or  the  angle  9'',  will  also 
be  changed.  If  V  represent  the  linear  velocity  in  the  circular  or- 
bit, and  V^  the  velocity  (at  a  right  angle  to  the  former)  imparted 
by  the  impact  of  an  extraneous  body,  the  angle,  ^'s  and  the  re- 
sultant velocity,  F^,  will  be  found  from  the  equations : 

V  V 

tan  v''  =  rr  »  ^^^  V^  =  —, — -  ;  the  value  of  F,,  so  found,  is  to  be 

F,  *       sm  </'  ' 

used  for  Vin  the  equations  (a)  and  (6). 

A  numerical  example  may  serve  to  elucidate  the  matter:  if  we 
consider  only  relative  values  we  ma)'  take  F,  or  the  linear  ve- 
locity in  the  circular  orbit,  and  also  the  other  variable  elements 
as  each  eqtial  to  unity  ;  if  we  now  suppose  a  velocity  V^ ,  equal 
to  V,  or  to  1,  to  be  imparted  to  the  revolving  atom  b^'  an  im- 
pact from  without,  the  angle,  v'',  will  become  equal  to  45*^,  and 
the  resultant,  F,,  will  have  the  value  1.414+ ;  then,  from  the 
first  four  equations,  we  will  find  that  the  semi-parameter,  p,  will 
be  equal  to  1,  the  semi-transverse  axis  to  »,  the  eccentricity  to  1, 
and  the  nearest  approach  to  the  focus,  0.5;  in  other  words,  by 
such  increase  of  velocity,  the  orbit  will  become  a  parabola;  for  a 
less  augmentation  of  the  linear  velocity,  it  would  have  become 
an  ellipse,  and  for  a  greater,  the  orbit  would  have  been  changed 
into  a  hyperbola,  as  will  appear  if  other  values  of  F^  be  used. 

A  graphical  illustration  may  serve  to  render  the  matter 
plainer;  in  Fig.  6  the  circle  represents  the  orbit  of  equilibrium  in 
which  the  atom  at  S  revolves,  when  not  acted  upon  by  an  ex- 
traneous force,  around  the  focus  C,  the  revolution  being  in  the 
direction  of  the  arrow ;  if  an  impulse  from  outside  be  g^ven  to 
the  atom  at  i?,  in  the  direction  indicated  by  the  arrow,  this  atom 
will  move  with  increased  velocity  (in  the  case  we  have  con- 
sidered) through  the  arc  of  a  parabola  SQR,  and,  could  the  ve- 
locity become   infinitely  great,  the   atom   would   move  in  the 


:;  R 


straight  Hue  SCS,  through  the  focus  C*  Observing  Fig.  6»  we 
see  that  if  R  represent  a  receiving  body,  the  atom  moving  in  the 
orbit  of  equilibrium,  or  the  circle,  will  not  impinge  upon  the  re- 
ceiver, but  that,  if  the  velocity  be  increased  so  as  to  change  the 

orbit  into  any  one  of  the 
yy^  "\      [\  other  "conic  sections/' it 

/y  Q  \    >  will  strike  more  or  less 

i  /  ^^"^""^^."-^ — T  ^^"--^  \  ^  directly  against  the  re- 
ceiving body,  as  is  indi- 
cated bj  the  dotted  ex- 
tensions of  SQR  and  SCR 
through  the  same,  and 
by  tlie  impact  the  recetv- 
fl^  b     X^^^^^^  ^y^       W  ing  body  will  be  heated. 

Furthermore,  since  the 
atom  does  not  move  around  a  much  more  massive  body  as 
is  the  case  with  the  planets,  but  around  a  center  of  attraction 
whose  position  depends  upon  those  of  the  component  atoms, 
being  midway  between  them  when  they  are  of  equal  mass, 
the  approach  of  either  atom  toward  the  focus  must  cause 
a  shifting  or  vibration  of  the  latter;  therefore  Fig.  6  illustrates 
more  explicitly  the  conditions  shown  in  a  general  manner  in 
Figs.  3,  4  and  5.  It  also  elucidates  the  cause  and  modus  oper- 
and! of  the  expansion  of  a  gas  by  the  action  of  applied  heat,  the 
atomic  orbit  being  enlarged  thereby,  as  is  shown  by  the  dotted 
lines.  The  action  of  gravity  upon  a  gaseous  mass,  like  our  at- 
mosphere, compresses  the  molecules  so  that  the  atomic  orbits  are 
restricted  to  an  approximately  circular  form,  and  are  not  the 
normal  ones  due  to  the  masses  and  original  velocities  of  the  com- 
ponent atoms ;  therefore  there  must  be  a  tendency  to  expansion 
in  all  such  masses.  We  can,  therefore,  conclude  that,  in  any  case, 
the  expansive  force  of  a  gas  is  not  due  to  any  repellent  force  in- 
herent in  the  gaseous  mass,  which  is  the  generally  accepted  idea, 
but  simply  to  the  orbital  motion  of  the  atoms  under  the  action 
of  a  centripetal  force  which  operates  like  that  of  gravity.  In  this 
paper  only  relative  velocities  and  distances  have  been  considered, 
but  the  reader  can  gain  some  idea  of  the  absolute  values  of  these 
quantities  from  the  fact  that  of  the  vibrations  producing  a  **dcep 
1^**  light  there  are,  appro ximateh',  four  hundred  millions  of  mil- 
lions per  second,  with  a  wave  length  of  nmnnrV^inr  of  an  inch. 
Work,  done  by  a  moving  body,  is  proportional  to  one-half  the 
mass  multiplied  by  the  square  of  the  velocity  of  the  body.  In 
the  case  of  the  atoms  the  smallness  of  their  weight  is  compen- 
sated by  their  enormous  velocity. 
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The  conclusions  to  which  the  above  investigation  has  led  me, 
can  be  summarized  as  follows. 

We  can  conclude,  first,  that  a  simple  gas  is  composed  of  in- 
numerable molecules  each  of  which  is  formed  by  two  equal 
atoms,  or  by  some  number  of  atoms  which  is  a  multiple  of  two, 
the  number  and  grouping  defining  the  chemical  characteristics 
of  the  gas,  and  that  these  atoms  are  in  a  state  of  almost  incon- 
ceivably  rapid  revolution  around  a  common  centre  of  attraction 
lying  between  them,  this  motion  of  revolution  being  due,  as  is 
that  of  the  planetary  bodies,  to  an  attractive  force  which,  like 
that  of  "gravity,"  varies  inversely  as  the  square  of  the  distance 
of  the  bodies  from  the  centre  of  attraction : 

Secondly,  that  the  pressure  of  a  gas  upon  the  walls  of  a  contain- 
ing vessel  (in  the  case  of  the  **  atmosphere"  the  earth's  ** force  of 
gravity  "  can  be  regarded  as  the  restraining  wall),  is  due  to  the 
incessant  impact  of  these  revolving  atoms  upon  said  walls,  and 
that  the  pressure  aforesaid,  is  inversely  proportional  to  the  4.5th 
power  of  dy  or  the  distance  apart  of  the  atoms  composing  the 
molecules  of  the  gaseous  mass,  which  fact  is  expressed  by  the 

equation,  P  =  — ^  ^  whence  d=—r. 

Thirdly,  that  the  quantity  of  energy,  Qy  transmitted  by  and 
through  a  gas,  from  any  **  source  of  heat,"  the  temperature  of  the 
''source"  and  of  the  enclosing  walls  being  constant,  varies  in- 
versely as  rf,  or  directly  as  the  4.5th  root  of  the  pressure,  /.  e.. 

Fourthly,  that,  when  the  pressure  of  the  gas  and  also  the  tem- 
perature of  the  **  source  of  heat,"  and  that  of  the  enclosing  walls 
are  constant,  the  **  quantity  of  heaf  Q,  transmitted  in  unit 
time,  will  be  expressed  by  the  equation,  Q  =  Cc'2^«(a^-'~^»  —  1),  in 
which  tj  represents  the  temperature  of  the  ** source"  and  t^  that 
of  the  enclosing  walls,  while  C  is  a  constant  depending  upon  the 
surface  of  the  radiating  body,  and  a,  is  a  constant  whose  numeri- 
cal value  is  1.0051. 

Fifthh',  that,  when  both  the  temperatures  and  the  pressure 
var^',  the  quantity  of  energy  or  heat,  transmitted  through  the 
gas,  in  unit  time,  can  be  expressed  b^'^  the  equation 

QzuCa'^  {a^2-t,  -  1)  .  pU 
in  which  the  first  factor  of  the  second   member  represents  the 
longitudinal  vibration  of  each  system  of  revolving  atoms  and  the 
second  factor  the  orbital  revolution  of  these  atoms  around  their 


coinmon  center  of  attraction,  the  resultant  being  a  wave-like 
motion  of  said  atoms. 

Sixthly^  that  the  difference  between  the  S|:>ecific  heat  of  a  gas  at 
constant  pressure,  and  that  of  a  ^as  at  constant  volume,  is  due 
to  the  orbital  motion  of  the  atoms  composing  the  molecules  of 
the  gaseous  mass,  and  that  for  a  perfect  gas,  the  numerical  value 
of  the  ratio  between  the  specific  heats  is  1.5;  also  that  the  error 
of  Boyle's  law,  which  law  is  expressed  by  the  equation  P~  Af, 
when  the  volume  is  constant,  results  from  neglecting  the  factor, 
n,  which  represents  the  orbitRl  velocity  of  the  revohdng  atoms, 
the  proper  expression  being  P  =  Mn\  when  the  volume  is  con- 
stant, and  furthermore,  that  the  ratio  between  any  two  pres- 
sures, Pj  and  Pj,  should  be  expressed  by  the  equation : 


These  conclusions  also  suggest  some  ideas  of  a  purely  specula- 
tive nature;  for  instance,  it  seems  unnecessary  to  assume  the  exis- 
tence of  any  other  than  a  gaseous  medium  for  the  transmission 
of  radiant  energy,  in  other  words,  there  seems  to  be  no  necessity 
for  the  hypothesis  of  the  existence  of  a  special  medium  such  as 
** ether.''  There  is  no  reason  to  suppose  that  an  absolutely  per- 
fect vacuum  is  ever  procurable,  for  the  mass,  and  therefore  the 
density  and  the  pressure  of  a  gas  can  be  reduced  toward  infinity, 
yet  there  will  always  be  a  finite  quantity  of  gaseous  matter  re- 
maining, and  equation  (15)  shows  that  the  diminution  of  the 
quantity  of  energy  transmitted  from  a  given  source  in  a  given 
time  is  very,  very  far  from  being  proportional  to  the  reduction  nf 
pressure  or  density : 

Thus,  if  a  bod^'  be  emitting  a  given  quantity  of  heat  in  air  at 
a  normal  pressure,  it  will  radiate  at  a  pressure  of  in^jiouijth  of  an 
atmosphere  a  quantity  equal  to  y^  of  that  given  out  at  the  nor- 
mal pressure;  while  if  the  reduction  be  carried  to  i  ftnTrtjolonnTrniTt 
the  quantity  will  be  4^4,  a  very  large  amount  when  the  enormous 
reduction  of  pressure,  or  density  is  considered;  matter  so  tenuous 
could  not  offer  any  appreciable  resistance  to  bodies  moving 
through  it,  and  yet  it  would  be  capable  of  transmitting  compar- 
atively large  quantities  of  radiant  energy.  That  the  relation 
between  the  pressure  and  the  quantity  of  energy  or  heat  radiated, 
as  shown  by  experiment,  follows  so  closely  the  law  expressed  by 
equation  (15)  is,  I  think,  conclusive  proof  that  the  transmitting 
medium  for  radiant  energy,  or  heat,  is  a  purely  gaseous  one. 

The  idea  is  also  suggested,  that  what  is  called  space  is  not 
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void,  but  that  it  contains  gaseous  matter  in  a  state  of  extreme 
tenuity,  the  atoms  composing  this  matter  being  in  rapid  orbital 
motion  and  transmitting  energy,  thermal,  luminous,  electrical, 
and  chemical ;  that  from  these  like  atoms  are  formed  all  the  bod- 
ies of  the  univer^,  chemical  and  other  characteristics  depending 
upon  the  grouping  and  motions  of  the  atoms ;  we  know  that  all 
forms  of  matter  can  be  reduced  to  the  gaseous  by  the  applica- 
tion of  a  sufficient  quantitN'  of  heat,  or  force,  and  that,  therefore, 
if  the  original  ** energy  of  motion*'  of  the  atoms  of  the  gas  be 
lost  to  them,  by  transference  to  the  atoms  of  other  bodies  or 
masses,  the  former  will  cease  to  revolve  and  will  become  the  con- 
stituents of  solids.  The  revolution  of  the  atoms  can,  I  think,  be 
r^arded  as  the  knowable  fountain-head  of  all  energy,  or  force, 
but  the  answer  to  the  great  question,  **  Whence  have  sprung  these 
atoms  and  the  forces  by  which  they  are  impressed,  which  put 
them  in  motion  and  cause  them  to  revolve?"  is  known  only  to 
Him  "without  Whom  was  made  nothing  that  was  made."  But 
it  does  not  necessitate  an  undue  strain  upon  either  the  imagina- 
tive or  the  reasoning  faculty,  to  conceive  that  space  is  filled  with 
these  revolving  components  of  the  molecules  of  a  gaseous  mass ; 
to  see,  mentally,  portions  of  them  parting  with  their  motion  or 
heat,  thus,  eventually  approaching  the  solid  state,  and  forming 
stars  or  suns,  planets  and  satellites,  the  revolution  of  the  atoms 
being  resolved  into  a  like  revolution  of  the  resultant  bodies 
around  **  centres  of  gravity;"  in  other  words,  it  is  neither  diffi- 
cult nor  unreasonable  to  regard  the  ** nebular  hypothesis"  as,  in 
the  main,  true:  but,  to  a  knowledge  of  the  absolute  nature  and 
origin  of  matter  and  force,  we  cannot  hope  to  attain  until  the 
*' finite"  can  comprehend  or  encompass  **  The  Infinite." 


TRANSPARENCY  OF  THE  CRAPE    RING    OF    SATURN.  AND    OTHER 

PECULIARITIES  AS  SHOWN   BY   THE   OBSERVATIONS  OF 

THE  ECLIPSE  OF  JAPETUS  ON  NOVEMBER  1st,  1889.* 

BY  E.   E.   BARNARD. 

On  the  first  of  November  1889,  I  observed  the  eclipse  of  Ja- 
petus  in  the  shadow  of  the  ball  and  ring  system  of  Saturn  with 
the  12-inch  equatorial.  These  observations  were  embodied  in  a 
paper  published  in  the  Monthly  Notices  of  the  Royal  Astronomi- 
cal Society  for  January,  1890. 

*  Commanicated  by  the  author. 
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Transparency  of  tbe  Crape  Ring  of  Saturn. 


In  calling  attention  to  this  phenomenon  in  Monthly  Notices 
for  June  1889,  Mr-  Marth  says:  '*The  inclination  of  the  orbit  of 
Japetus  to  the  plane  of  the  ring  being  near!}'  14'"',  while  the  or- 
bits of  the  other  satellites  have  inclinations  of  less  than  1^,  the 
rare  eclipses  of  Japetus  by  the  ring  system  offer  the  only  chance 
of  deciding  several  questions  which  may  be  settled  with  the  help 
of  observed  eclipses.  No  such  observation  has  ever  yet  been 
made.  Favorably  placed  observers  ought,  therefore,  to  take  full 
advantage  of  the  rare  chance  they  ma3^  get  on  November  1. 
There  will  not  be  another  such  chance  for  at  least  the  next  six- 
teen years/' 
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Liji'bt  Curve*  of  the  Eclipsr  of  TofH'tn*.  in   the  Shndow*  of  the  Globe,  Cmpe   Ring  and 
Bright  Ring  ufSnturn.  IHRO  Sox.  I,— From  Sfonthtx  Soticca.  Vui,  SO,  p.  108. 

One  of  the  problems  to  be  settled  at  that  eclipse  was  the  trans- ^ 
parency  of  the  crape  ring. 

*  See  Kews  and  Notes  for  cxplanatioti  of  tbe  above  light  curve* 
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For  various  reasons,  no  other  observer  in  the  world  saw  the 
eclipse  of  Japetus. 

The  observations  of  that  eclipse  with  the  12-inch  equatorial 
have  given  us  more  information  about  the  crape  ring  of  Saturn, 
perhaps,  than  could  possibly  have  been  obtained  by  a  hundred 
years  of  ordinary  observing. 

The  night  was  fine  and  clear  and  especially  favorable.  The 
planet  rose  at  12**  50"*.  At  first  the  seeing  was  only  ordinary, 
but  it  increased  in  excellence  until  in  the  latter  stages  of  the  ob- 
sei'vations  it  was  superb.  By  the  time  the  satellite  had  entered 
the  shadow  of  the  crape  ring,  the  planet  had  attained  a  high  al- 
titude and  was  excellently  placed  for  observing. 

When  Saturn  rose  at  the  Lick  Observatory,  Japetus  was  al- 
ready in  the  shadow  of  the  ball — ^having  passed  through  the  first 
half  of  the  shadows  of  the  rings.  Near  the  predicted  time  the 
satellite  rc-appeared  from  the  shadow  of  the  ball  into  the  sun- 
light shining  between  the  ball  and  rings.  It  quickly  assumed  its 
normal  light,  and  after  remaining  thus  for  an  hour  and  twenty 
minateSy  it  began  to  fade  and  so  continued  for  an  hour,  having 
daring  that  time  entered  and  passed  through  the  shade  of  the 
crape  ridg.  It  then  entered  the  shadow  of  the  bright  rings,  and 
rapidly  disappeared. 

Prom  a  great  number  of  comparisons  of  the  light  of  Japetus 
with  two  of  the  other  satellites,  a  curve  was  drawn  show^ing  the 
light  variations.    This  was  published  in  the  paper  referred  to. 

This  curve  clearly  showed  what  effect  the  crape  ring  had  upon 
the  light  of  the  satellite.  It  showed  that  after  passing  through 
the  sunlight  shining  between  the  ball  and  rings,  Japetus  entered 
the  shadow  of  the  crape  ring.  As  it  passed  deeper  into  this,  the 
absorption  of  sunlight  became  more  and  more  pronounced,  until 
finally  the  satellite  entered  the  shadow  of  the  bright  rin^.  The 
crape  ring  was  therefore  transparent  —  the  sunlight  sifting 
through  it.  From  the  gradual  absorption  of  light,  it  also 
showed  that  the  crape  ring  was  denser  or  less  transparent  as  it 
neared  the  bright  ring. 

An  inspection  of  the  curve,  and  the  observations,  showed  con- 
clusively that  there  was  no  separating  space,  or  division,  be- 
tween the  inner  bright  ring  and  the  crape  ring  as  has  frequently 
been  represented  in  drawings.  The  transition  from  the  one  to 
the  other,  however,  api>ears  to  be  rather  abrupt,  as  shown  by 
the  steepness  of  the  curve  at  the  time  of  contact  with  the  sha- 
dow of  the  bright  ring. 


The  observations  also  show  that,  so  far  as  the  penetration  of 
the  solar  rays  is  concerned,  the  bright  ring  is  fully  as  opaque  as 

the  globe  of  Saturn  itself. 

From  the  observations,  I  have  deduced  the  following,  Mt. 
Hamilton  Mean  Times, 

d    ^      m 

Japctos  first  s«cn  (nsappearantx  from  shadow  of  Ba!l) 1889  Nov,  1  14  37.4 

Japctus  last  seen  (contact  with  thr  shadow  of  Bright  Ring)  1889  Nov.  1  17  11.0 
An  inspection  of  the  li^jht  curve  j^tves..... 1889  Nov.  1  15  47.2 

as  the  most  probable  time  of  contact  with  the  inner  edge  of  the 
shadow^  of  the  crape  ring. 

For  comparison,  I  append  the  predicted  times  of  the  above 
phenomena  as  given  by  Mr.  Marth  : 

d    li     n; 

Re-appearance  from  Shadow  of  Ball 1889  Not.  1  14  41     Bcssel 

**      "    .».. 1889  Nov.  1  14  59    Struve 

Contact  with  Shadow  of  crape  ring.....,..-., 1889  Nov,  1  15  41 

**  **         **  bright  ring 1889  Nov.  117  17 

The  observations  are  as  accordant  with  theor>'  as  could  be  ex- 
pected, since  Mr.  Marth  states  that  1"  in  the  heliocentric  longi- 
tude of  the  satellite  corresponded  to  an  error  of  36  minutes  in 
the  time.  The  two  predictions  for  the  re-appearance  from  the 
shadow  of  the  ball*  come  respectively  from  using  Bessers  and 
Stnive*s  data  for  the  diameter  of  the  ball. 

From  the  time  required  for  the  total  emergence  of  Japetus 
from  the  shadow  of  the  ball,  and  for  its  disappearance  into  the 
shadow  of  the  bright  ring,  the  satellite  cannot  be  less  than  1400 
miles  in  diameter. 

Unfortunately  the  contacts  with  the  projection  of  the  Cassini 
Division  could  not  be  observed  here  as  the  Sun  rose  before  that 
phen  o  men  on  occu  rred . 

From  the  light  curve  published  in  the  number  of  the  Monthly 
Notices  referred  to,  I  have  obtained  the  following  values  which 
may  be  taken  as  fractions  of  a  magnitude  to  represent  the 
change  in  the  light  of  Japetus  due  to  the  interposition  of  the 
crape  ring  between  it  and  the  Sun — or  in  other  words^  the  ab- 
sorptive power  of  the  ring. 

TABLE  OF   LIGHT  VARIATION   FROM  THE  LIGHT  CURVE. 

hmm  hmm  hmtn 

Sidereal    6  lo    0.780  Sidereal     7    o    o-S^o  Sidereal     7  47-5       ^-^Sp 

IS    0.770  5    0.456  sot    —  0.030 

30    0,769  10    0.390  52.5  —  0.150 

25    0.765  15    0.348  S3     —  0.260 

30    0,764  20    0.275  54     ^  0.300 

35*  0.760  25    0,22s  55     -  0.330 

40    0.748  fc  30    o.t68  57      ^0.400 

45    0.720  35    0.130  58      —0.500 

50    0.678  40    0.098  7  59      —  0.600 

6  55    0.599  7  45    <>-o65 
'  Enters  shadow  of  Crape  Ring.        f  Enters  shadow  of  Bright  Ring. 

These  figures  between  6*'  35"'  and  7^'  50'"— during  whicli  time 
the  satellite  was  passing  through  the  shade  of  the  crape  ring — 
seem  to  indicate  that  the  density  of  the  crape  ring  increases  pro- 
portionally to  the  distance  from  its  inner  edge,  and  the  density  at 
any  point  p  \v\\\  be 
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A 


wbertJi  is  the  ratio  of  the  distance  of  p  from  the  inner  edge  in 
terms  of  Ihc  width  of  the  crape  ring,  or»  in  the  above  table,  an 
ibsorption  of  about  0.0\  magnitude  tor  each  minute  of  time.  If 
wea^umea  mean  of  the  variations  between  6^'  35'"  and  7''  45***, 
itwil!  =  0**\412  and  will  tall  at  7^  10'". 

ApplyiTs^  this  formula  ^to  the  observation^i  Ijetween  the  above 
times,  the  valuer  contained  in  tlie  following  table  under  the  head 
C  will  resiiH — O  being  the  values  derived  direct  from   the  light 

TABLE  REI*RESEXT1NG   THE   ABSORPTIVE   POWEK  OF 
THE   CRAPE   mxG. 

:  oc 


ttffAI 


li    m 
7  lo 


O 
0.760 

0.720 
0,678 

0,510 
0,456 
0.39© 


0.762 

0.662 
0.612 
0.56a 
0.511 
0.462 
0,412 


—  0.001 
-h  0.036 

H-  0.058 
-f- 0.066 
+  0,037 
-i-  0,008 
^  0.006 

—  0.02a 


Sidereal 


Time 
b    m 

7  15 

20 

35 

3S 
40 

7  45 


O 

0.34S 
0.27s 
0.215 
0.168 
0.130 
0.09K 
0,065 


0.561 
0.311 
0.262 
0.1 11 
0,163 

0.1 12 
0.061 


Mean  deviation 


o-c 

—  0,014 

-  o^ojT 

-  o,oj7 

—  0.044 

—  o.ojsa 
*-  0.021 
+  0^003 

-  O.00| 


The  entire  absorptive  power  of  the  ring  seems  to  be  about  0.7 
Mguitude,  which  would,  perhaps,  be  reduced  somewhat  if  the 
^(passed  through  the  ring  at  a  larger  angle. 

Ammula  which  would  more  accurately  represent  the  absora- 
tiofi  eould  doubtless  be  found,  but  it  is  a  question  if  it  ivouid 
bare  any  truer  signification  than  that  given  above. 

The  phenomenon  of  the  eclipse 
can  be  accounted  for  on  two 
suppositions.  First,  the  crape 
ring  is  thinner  toward  the  ball 
of  Saturn;  or  second,  there  are 
fewer  particles  in  that  direction 
area  for  area.  Perhaps  both 
conditions  prevail. 

The    increase    of    den  si  t^^     to^ 
wards    the  bright  rings    would 
rather  favor  the  idea    that  the 
crape  ring  has  its  origin  in  the 
diffusion  of  particles  from  the  bright  ring. 

I  have  assumed  throughout  these  remarks,  the  theor\'  that  the 
rings  are  composed  of  individual  particles. 

/Sa  matter  of  interest,  I  enclose  a  diagram  of  Saturn  and  five 
of  the  satellites  at  the  epoch  of  the  appearance  of  Japetus  from 
the  shadow  of  the  ball.  Enceladus  and  Tethys  were  the  two  sat- 
dHtcs  used  for  comparison  of  the  light  of  Japetus  during  the 
cdipsc.  According  to  Professor  Pickering,  the  difference  in  light 
between  these  two  satellites  is  one  magnitude. 

In  conclusion  it  is  scarcely  necessary  to  say  that  the  observa- 
tioiis  of  this  eclipse  settle  forever  the  question  of  the  transparency- 
ofthc  crape  ring. 

Mt.  Hamilton,  December  19, 1891. 


FALL  OF  A  SOLAR  PROMINENCE  INTO  THE  OPENING  OF  A  SPOT.* 


M.  B.  L.  TROirVBLOT.  Mbudon  Obbkkvatory,  Fra^mcb. 


On  Au^ist  6,  1891,  I  was  observing  a  large  group  of  spots 
situated  at  some  distance  from  the  western  limb  of  the  Sun, 
toward  which  it  was  carried  by  the  Sun*s  rotation.  This  group, 
which  was  composed  of  three  spots  in  close  proximity »  exhibited 
some  peculiarities  which  attracted  my  attention. 

From  the  southern  edge  of  the  penumljra  of  the  central  spot  of 
the  group  extended  long  and  brilhant  filaments  wdiich,  at  first 
separated,  came  closer  together, as  the  distance  increased,  to  form 
a  bundle;  this,  crossing  the  umbra  and  penumbra  of  this  spot  as 
well  as  the  southern  penumbra  of  the  third  spot  situated  at  the 
north  of  the  group,  passed  on  to  sink  and  lose  itself  in  the  depths 
of  its  opening.  The  luminous  filaments  which  crossed  the  central 
spot  of  the  group  were  still  sufficiently  separated  to  allow  the 
opening  of  the  umbra  of  this  spot  to  be  recognized  through  the 
intervals  between  them ;  but  beyond,  the  compact  bundle  allow^ed 
nothing  more  to  be  seen. 

On  August  8th  the  filamentous  bridge  uniting  the  two  spots  of 
the  group  was  observed  between  passing  clouds.  On  the  9th 
the  group,  very  close  to  the  Sun's  limb,  still  showed  the  filamen- 
tous bridge,  in  spite  of  the  unsteadiness  of  the  image.  S|3ectro- 
scopic  observation  allowed  the  position  of  the  central  spot  of 
the  group  to  be  determined,  and  it  was  found  to  be  at  264"^  on 
the  limb.  Above  this  spot  a  few  prominence  jets  w^ere  seen,  in 
spite  of  the  unfavorable  state  of  the  sky. 

On  August  10th»  tit  10**  35*".  the  group  of  spots,  which  was  then 
on  the  limb  of  the  Sun,  was  no  longer  seen ;  but  by  the  aid  of  the 
spectroscope  it  was  easy  to  recognize  the  position  of  the  spots. 
Brilliant  eruptive  jets  shot  out  from  a  poiut  situated  at  264'^^ 
corresponding  with  the  position  of  the  umbra  of  the  central  spot 
of  the  gi'oup.  All  these  incandescent  jets  were  enclosed  by  an 
immense  luminous  arch,  which,  rising  from  a  point  situated  at 
258*^  on  the  limb,  passed  on  to  rejoin  the  chromosphere  at 
another  point  situated  at  270*^,  after  having  described  a  curve  at- 
taining an  elevation  of  2'  -UV  at  its  highest  point. 

This  arch  was  composed  of  numerous  filaments,  formed  of  bril- 
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Kant  knots  joined. end  to  end.  The  base  of  the  arch  at  258°  was 
much  broader,  and  composed  of  brighter  and  looser  filaments 
than  those  which  composed  the  other  much  narrower  base.  By 
its  position,  which  corresponded  exactly  with  that  of  the  lumin- 
ous bridge  observed  on  the  group  of  spots,  by  its  greater  width 
at  the  south  than  at  the  north,  as  well  as  by  its  form  and  fila- 
mentous structure,  there  can  be  no  doubt  that  this  prominence 
arch  and  the  filamentous  bundle  observed  on  the  spots  were  one 
and  the  same  object,  seen  from  different  points  of  view. 

These  luminous  filaments,  rising  to  considerable  elevations, 
uniting  into  a  bundle,  and  passing  on  to  precipitate  themselves 
exactly  into  the  distant  opening  of  another  spot,  present  a  singu- 
lar circumstance,  which  it  would  be  diflScult  to  attribute  to 
chance. 

My  spectroscopic  observations  have  taught  me  that,  among 
the  spots  which  cross  the  Sun's  limb,  there  are  some  which  are  the 
scat  of  violent  eruptions,  and  which  throw  jets  of  incandescent 
matter  to  great  elevations,  while  there  are  others  which  exhibit 
no  activity,  and  cross  the  limb  without  showing  the  smallest 
trace  of  an  eruption.  From  the  point  of  view  of  activity.  Sun- 
spots  may  thus  be  divided  into  two  classes:  those  which  show 
traces  of  activity,  and  those  which  appear  to  lack  them.  It  would 
seem  that  the  study  of  spots  from  this  point  of  view  might  lead  to 
interesting  results. 

From  the  examination  of  the  prominences  observed  August 
10th  above  the  group  of  spots  in  question,  it  seems  evident  that 
the  filamentous  arch  owed  its  origin  to  the  eruptive  force  escap- 
ing by  the  opening  of  the  central  spot  of  the  group,  situated  just 
below  this  arch ;  a  force  which  manifested  itself  by  brilliant  jets 
which  rose  from  this  opening.  As  not  the  least  trace  of  eruption 
was  noticed  above  the  spot  into  which  the  narrow  end  of  the 
arch  descended,  we  may  conclude  that  this  spot  was  in  a  state  of 
repose. 

Must  we  attribute  the  fall  of  this  prominence  into  the  opening 
of  the  spot  to  the  effect  of  chance,  or  to  a  kind  of  sucking  phenom- 
enon, or  to  some  sort  of  attraction  exerted  on  certain  prominences 
by  spots  in  a  state  of  repose?  Observations  which  I  have  often 
made  on  the  Sun  of  phenomena  of  the  same  order,  cause  me  to 
favor  this  last  supposition. 


REMARKS  ON  THE  INFLUENCE  OF  THE  ABERRATION   OF  LIGHT  ON 
SPKCTROSCOPIC  OBSERVATIONS  OF  SOLAR   PROMINENCES.* 


M.  FIZBAU. 


Several  recent  comiTiimications  have  been  presented  to  the 
Academy  on  the  characteristic  phenomena  of  the  solar  atmos- 
phere,  and  especially  on  the  circumstances  of  the  appearance, 
development,  and  movement  of  the  prominences,  studied  by 
means  of  spectrum  analysis. 

The  authors  of  these  comraunications,  M,  Trouvelot,  M,  Des- 
landres  and  M,  Fenyi,  pursuing  the  path  opened  b\'  M.  Janssen, 
have  observed  and  described  several  prominences  remarkable  for 
their  brilliancy,  their  dimensions^  and  their  changes  in  form ; 
then,  applying  the  principal  of  the  displacement  of  lines  by  the 
movement  of  the  luminous  body,  they  have  deduced  the  veloci- 
ties of  translation  in  the  line  of  sight. 

Without  entering  into  the  details  of  the  observations  with 
which  we  are  dealing,  the  results  as  a  whole  tend  to  confirm  the 
generally  accepted  opinion,  that  the  prominences  are  due  to  vast 
gaseous  eiuptions,  in  which  hydrogen  predominates,  and  which 
rise  rapidly,  sometimes  to  enormous  elevations  above  the  solar 
surface,  to  return  there  at  the  end  of  a  few  hours;  this  seems  to 
be  the  general  conclusion  from  the  quantities  obtained  in  the 
measurement  of  the  phenomena. 

It  seems  then  that,  in  these  circumstances,  great  gaseous  vol- 
umes are  to  be  considered,  animated  with  great  movements,  the 
velocities  of  which  in  various  directions,  are  at  once  comparable 
with  the  velocity  of  light,  the  planetary  movements,  and,  in  par- 
ticular, the  movement  of  the  Earth  in  its  orbit. 

One  is  thus  led  to  investigate  within  what  limits  the  well- 
known  laws  of  aberration  can  here  interpose,  giving  rise  to  those 
apparent  displacements  of  stars,  the  images  of  which,  either 
with  the  naked  eye  or  telescope,  almost  always  cause  them  to  be 
seen  displaced  from  their  true  position. 

And,  indeed,  if  one  takes  into  account  the  reciprocal  situations 
of  the  observer,  placed  on  the  earth,  and  the  Sun,  toward  w  hich 
the  instruments  are  directed,  it  is  e\^dent  that  the  simple  and 
sensibly  constant  effect  of  aberration  will  be  a  diminution  of 
20''.445  in  the  longitude  of  the  Sun  and  the  prominences  which 
rise  from  its  surface,  and  that,  moreover,  this  apparent  displace- 
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ment  is  due  to  the  velocity  of  the  earth  in  its  orbit,  which- is 
30.6  kilometres  per  second. 

It  results  from  these  data  that,  if  a  prominence  rises  in  the 
neighborhood  of  the  ecliptic  with  a  velocity  of  translation  of 
the  luminous  gas  equal  to  this  same  velocity  of  30.6  kilometres 
per  second,  the  position  of  the  prominence  will  undergo  a  certain 
change,  that  is  to  say,  an  apparent  displacement  of  ±  20".4?45, 
which  will  be  added  to  or  subtracted  from  the  preceding  effect 
according  to  the  circumstances  of  direction,  giving  rise  to  cor* 
responding  variations  in  distance  from  the  Sun's  limb. 

In  truth,  the  velocities  of  the  prominences  are  not  uniform,  and 
rarely  attain  the  supposed  value;  but  the  nature  of  the  phe- 
nomenon does  not  seem  doubtful,  and  these  great  movements  of 
the  solar  atmosphere,  the  existence  of  which  is,  however,  not 
here  contested,  must  give  rise  to  apparent  movements  which  de- 
pend upon  the  laws  of  aberration,  and  which  must  be  taken  ac- 
count of  in  the  more  precise  determination  of  the  actual  move- 
ments. 

In  what  precedes,  we  have  adopted  the  simplest  hypothesis  of 
the  constitution  of  the  prominences,  that  of  the  material  trans- 
portation of  hydrogen  and  metallic  vapors  rendered  visible  by 
their  high  temperature.  An  analogous  reasoning  applies,  with 
still  greater  probability,  to  the  hypothesis  of  the  visibility  of 
the  prominences  produced  by  an  extraordinary  development  of 
electrical  phenomena,  similar  to  our  storms  and  auroras. 

That  which  gives  to  this  point  of  view  a  s|)ecial  degree  of  prob- 
ability, is  the  constant  intervention  of  electricity  in  experiments 
where  the  h\'drogen  lines  are  observed. 

Up  to  the  present  time,  in  spite  of  numerous  attempts,  hydrogen 
burning  or  heated,  compressed  or  rarefied,  does  not  seem  to  have 
shown  its  characteristic  lines  without  the  employment  of  electric- 
it\'  in  the  form  of  spark,  current  or  discharge. 

Now  the  prominences  are  always  rose-colored,  by  the  various 
lines  of  hydrogen,  and  particularly  by  the  predominance  of  the 
red  line  C.  Moreover  the  rapidity  of  changes  in  form,  the  sudden 
modifications  in  brightness,  the  longitudinally  striped,  undulated, 
broken  appearance,  with  distorted  parts  completely  isolated,  and 
separated  from  the  Sun's  limb,  have  often  been  described.  All 
these  appearances  agree  without  difficulty  with  the  electrical  hy- 
pothesis, and  especially  with  the  varied  phenomena  presented  by 
the  aurora  borealis,  in  which  there  are  striped  appearances, 
fringed  edges,  luminous  propagations  sometimes  slow,  sometimes 
rapid,  but  generally  with  mean  velocities,  not  as  swift  as  light- 


nitig,  nor  as  slow  as  the  discharge  of  St.  Elmo's  fire  or  ball-light- 
ning. 

From  this  point  of  vie\v»  which  seems  to  be  at  present  adopted 
by  many  physicists  and  astronomers,  the  luminous  appear- 
ances of  the  prominences  must  not  be  considered  as  due  to 
movements  of  matter,  but  as  resulting  from  the  non -instantan- 
eous propagation  of  electrical  phenomena  through  the  gaseous 
masses,  which  may  have  their  own  movements,  but  do  not  im- 
pose them  on  the  electrical  and  luminous  phenomena.  These, 
completely  independent  of  the  first,  can  commence  at  the  base,  the 
middle,  or  the  top  of  the  prominence,  and  spread  either  up  from  be- 
low, or  down  from  above,  by  successive  movements  which  can- 
not fail  to  give  rise,  by  the  effect  of  aberration,  to  apparent  dis- 
placements, similar  to  those  mentioned  above,  but  still  more 
complex  and  more  difficnit  tt>  foresee. 

It  is  proper  to  add  here  that,  by  the  emplo^^ment  of  Tjvnde  slits, 
a  general  custom  for  exploring  the  forms  and  extent  of  promi- 
nences, the  exact  isolation  of  simple  rays  is  given  up,  and  one  is 
liable  to  take  for  a  displacement  of  lines  by  the  motion,  luminous 
manifestations  of  different  intensity  and  appearance,  which 
might  be  produced  in  different  parts  of  a  prominence. 

Let  us  remark,  in  concluding,  that  if  the  intervention  of  the  phe^ 
nomena  of  aberration  in  certain  studies  of  spectrum  analysis  is 
necessar\"  for  the  exactness  of  measures,  this  intervention  seems 
to  be  limited  to  a  small  number  of  phenomena,  and  notably  that 
studies  relative  to  the  motions  of  the  stars  are  not  at  all  affected 
bv  it. 


ON   ABBERATION.* 


M.  MASCART. 


In  1810  Aragot  communicated  to  the  first  class  of  the  Institute 
a  memoir  which  was  not  published  until  some  time  after,  on 
stellar  refraction.  In  it  the  following  remark  occurs:  **  .  ,  .  The 
constant  of  aberration ^  which  M.  Delambre  has  found  b^^  the 
discussion  of  a  large  number  of  eclipses  of  satellites  (Jupiter),  is 
absolutely  the  same  as  that  which  Bradley  has  deduced  from 
his  observations. 

**The  first  consequence  that  may  be  drav^im  from  this  remark- 
able  agreement   is   that   light   travels   uniformly,    or   at  least 

•  From  Comptes  rendua,  Nov,  2,  1891. 
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without  any  sensible  variation,  in  the  whole  space  comprised  by 
the  orbit  of  the  Earth ;  the  cJxrentricity  of  the  orbit  of  Jupiter 
allows  this  result  to  be  extended  so  as  to  comprise  the  immense 
distance  which  it  encloses.  It  is  also  natural  to  stippose  that 
stars  of  different  magnitudes  are  at  different  distances,  and,  as 
their  absolute  aberrations  deduced  from  direct  observations  are 
sensibly  the  same,  Bradley  has  concluded  that  the  motion  of 
light  is  uniform  at  all  distances,  and  that  the  aberration  of  all 
celestial  bodies  can  be  calculated  with  the  same  constant. " 

After  having  given  the  details  of  his  experiment,  Arago  ended 
by  some  conclusions,  of  which  the  first  is : 

**  The  aberrations  of  all  the  heavenly  bodies,  whether  they  send 
us  their  own  or  reflected  light,  can  be  calculated  with  the  same 
constant,  without  the  smallest  difference  in  this  respect,  as  I  have 
deduced  from  my  first  experiments." 

W.  Struve,  in  a  beautiful  and  important  investigation  on  aber- 
ration, gives  20".4451  for  the  constant,  which  is  the  mean  of 
results  differing  but  little  among  themselves,  as  determined  from 
the  observ-'ations  of  seven  stars ;  but  he  adds  **  that  it  is  necessary 
to  assume  for  the  seven  stars  the  same  constant  of  aberration, 
and  consequently  the  same  velocity  of  light.*' 

The  opinion  of  Bradley  and  O.  Struve  seems  to  have  been  unre- 
servedly adopted  by  astronomers ;  it  leads  to  the  consequence 
that,  if  observation  shows  that  aberration  is  exacth'  the  same 
for  all  stars,  the  propagation  of  light  must  be  uniform  in  all  stel- 
lar space.  This  interpret<ition  seems  to  mc  quite  unwarranted  by 
the  results  of  observation. 

The  exj>eriments  made  at  the  surface  of  the  Earth  b\'  the 
method  of  .\rago  and  that  of  our  fellow  member,  M.  Fizeau,  de- 
termine the  velocitN'  of  light  in  air,  and  consequentl3'  in  vacuOy 
on  the  whole  trajectory'  of  the  Earth.  The  eclipses  of  Jupiter's 
satellites,  by  de^^ations  from  the  predicted  times,  give  the  time  re- 
quired for  light  to  traverse  the  diameter  of  the  Earth's  orbit. 
The  concordance  of  the  result  with  that  which  can  be  deduced 
from  the  dimensions  of  the  solar  system,  determined  b\'  other 
methods,  also  proves  that  the  propagation  of  light  is  uniform  in 
the  interior  of  the  terrestrial  orbit.  The  eccentricity  of  the  orbit 
of  Jupiter  perhaps  allows  this  same  result  to  be  extended  a  little 
further,  but  not,  as  Arago  has  it,  to  the  immense  interval  which 
this  orbit  encloses. 

Aberration  def)ends  only  on  the  ratio  of  the  velocity  of  the  ob- 
server to  that  of  light  in  the  region  occupied  by  the  instrument, 
and  any  modifications  which  may  influence  the  propagation  of 
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the  light  waves  between  the  star  and  the  Earth  do  not  affect  it. 
The  constant  of  aberration  may,  fiowever,  change  from  one  star 
to  another,  as  Yvon  Villarceau  has  shown,  on  account  of  the  mo- 
tion of  the  solar  system.  Variations  in  its  amount  will  thus  be 
of  great  interest. 

Finally  the  displacement  of  the  lines  in  stellar  spectra  gives 
only  the  relative  velocity  of  the  star  and  the  Earth  in  the  line 
which  unites  them. 

If  we  reason  rigorously,  the  deductions  of  direct  experiments 
and  astronomical  observations  which  depend  upon  the  velocity 
of  light  must  thus  be  confined  to  the  space  comprised  within  the 
terrestrial  orbit ;  only  by  induction  can  we  go  beyond  it.  It  is 
hardly  necessary  to  add  that  this  induction  seems  legitimate; 
but,  however  probable  it  ma^^  be,  it  is  a  pure  hypothesis  to  con- 
sider the  progagation  of  light  as  uniform  in  celestial  space. 


THE   LARGE   SUN-SPOT   GROUP  OF  AUG.   28-OCT.  4,  I89I.* 


RBV.  A,  I*.  CORTIB. 


The  following  notes  on  some  telescopic  and  spectroscopic  phe- 
nomena observed  in  this  large  group  of  spots  are  intended  to  sup- 
plement the  note  by  Father  Sidgreaves  in  the  October  number  of 
the  Observaton\i  The  group  was  bom  on  Aug.  28  at  the  east- 
ern limb,  its  mean  heliographic  co-ordinates  being  lat.  18^.5  N* 
and  long.  221°, 0.  It  died  on  Oct.  4,  on  the  western  limb,  in  lat. 
22°.0  N.  and  long.  226'^.7.  It  thus  both  formed  and  died  on  the 
visible  hemisphere.  Moreover  it  was  the  largest  group  of  spots 
observed  since  June,  1885,  and  one  of  the  largest  since  the  great 
November  spot  of  1882.  Fourteen  drawings  were  obtained  of 
the  group  at  Stonyhurst.  During  its  first  passage  over  the  disk, 
Aug.  2S-Sept,  10,  it  consisted  mainly  of  two  very  large  irregular 
spots.  The  following  of  these  was  by  far  the  largest  spot  of  the 
^oup,  and  underwent  the  greatest  internal  changes.  It  did  not, 
however,  survive  to  a  second  rotation;  for  then  the  preceding 
spot  alone  appeared,  being  accompanied  in  its  passage  across  the 
disk  by  occasional  outbreaks  of  smalt  spots  scattered  over  a  wide 
area. 

At  its  birth  the  group  was  surrounded  by  bright  compact 
faculie,  one  scimitar-shaped  jet  lying  S.  of  the  preceding  spot  being 


♦  From  The  Observatory,  Novenil>er.  1891. 

t  See  also  Astkosomv  and  Astro-Puvsics,  Januao',  1892,  p,  66. 
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especially  remarkable.  At  its  death  the  faculae  were  still  very 
bright,  but  were  vastly  more  extensive. 

The  area  of  the  g^oup  at  its  birth  on  Aug.  28  was  77  millionths 
of  the  visible  hemisphere.  As  it  crossed  the  disk  it  steadily  devel- 
oped, and  attained  its  greatest  area  of  1834  millionths  on  Sept. 
7.  At  its  reappearance  after  one  rotation  on  Sept.  25,  the  area 
had  diminished  to  545  millionths.  The  diminution  continued 
until  the  extinction  of  the  spot  on  Oct.  4. 

The  group  displayed  some  remarkable  proper  motions,  the  two 
members  repelling  one  another,  except  for  a  slight  approach  on 
Sept.  3.  At  their  birth  on  Aug.  28  the  two  spots  were  3°.6  apart 
in  longitude,  which  was  increased  to  5°.9  on  Aug.  29;  to  10°'.4 
on  Sept.  2;  to  11°.8  on  Sept  4;  and  to  13°.0  on  Sept.  7.  Be- 
jj^  ,^  tween  Sept.  7th  and  the  9th,  the 

following  spot  changed  its  retro- 

«P^"*^^rf(fe^  grade  motion  to  one  of  approach, 

F  ^'*'^%'i^M  '  ^^^  ^^s  companion  gave  at  the 
^  ^f  same  time   such  a   leap   forward, 

i^wtBL  fipotA.  that    on    the   9th   their    distance 

apart  reached  its  maximum  of 
16°. 5.  This  forward  motion  of  the  whole  group  took  place  just 
after  it  had  attained  its  greatest  area. 

Considering  the  motions  of  the  individual  spots,  that  of  the  pre- 
ceding member  of  the  group  was  very  rapid,  as  it  advanced  from 
long.  222°.8  to  233°.8  between  Aug.  28th  and  Sept.  9,  or  11°  in 
12  days.  Its  most  rapid  drift  of  4°. 7  in  two  days  took  place 
between  Sept.  7th  and  9th.  The  drift  of  the  following  spot  in  the 
contrarj'  direction  was  not  at  all  great;  but  3°.l  in  the  1(>  days, 
Aug.  28-Sept.  7,aiid  from  long.  219°. 2  to  216°.l.  Both  the  spots 
rose  in  latitude,  the  mean  drift  of  the  group  being  from  18°. 5  N. 
to22°.2,  while  the  individual  drifts  were  from  19°  to  21°.8  and 
from  18°.0  to  22°. 5  for  the  preceding  and  following  spots  respec- 
tively. Their  common  advance  in  longitude  Sept.  7—9  was 
accompanied  by  a  slight  fall  in  latitude,  so  that  their  paths  were 
almost  parallel.  The  end  of  the  first  rotation  was  marked  by  the 
metallic  prominence  of  Sept.  10  immediately  over  the  following 
spot,  which  was  then  exactly  on  the  limb. 

.\t  the  beginning  of  the  second  rotation  the  preceding  spot, 
which  now  alone  remained,  was  found  on  Sept.  25  in  lat.  23°  and 
long.  228^.3.  Excluding  possible  oscillations,  it  had  therefore, 
when  on  the  invisible  hemisphere,  drifted  1^.8  higher  in  latitude, 
but  retrograded  5°. 5  in  longitude.  Until  Sept.  28  it  remained 
almost  stationary,  but  from  the  28th  to  the  29th  it  suddenly  rose 


1*^.5  in  latitude  and  advanced  2*^.6  in  longitude*  Next  day  it  as 
suddenly  dropped  to  almost  exactly  its  original  position  in  lati- 
tude,and  retrograded  3^.1  in  longitude.  This  seems  to  have  been 
its  expiring  effort,  as  on  Oct.  4  it  was  represented  by  a  group  of 
minute  scattered  dots.  Therefore  while  the  following  and  larger 
spot  remained  comparatively  stationary,  the  preceding  spot 
drifted  rapidly  forward  in  longitude  in  the  first  rotation,  and 
retrograded  in  the  second  rotation,  so  that  when  it  died  it  was 
but  3*^.9  in  advance  of  its  first  position. 

In  the  spectroscope  the  most  important  spot  of  the  group  was 
the  one  marked  B  in  the  figure.  The  following  are  some  of  the  de- 
tails of  the  variations  in  the  hydrogen  C  line  over  the  spots  when 
they  were  on  the  visible  disk.  The  observations  were  taken  dur- 
ing a  vacation  visit  to  the  Stonyhurst  Observatoni^  at  the  kind 
invitation  of  the  Director,  On  Aug  30,  at  11  a,  m.  G.  M.  T,,  in 
a  hazy  sky, and  employing  a  dispersion  of  6  prisms  of  60^,  the  line 
was  seen  to  be  reversed  and  displaced  towards  the  violet  in  the 
preceding  portion  of  the  nucleus  of  the  following  spot.  There  was 
also  a  less  brilliant  reversal  of  the  line  noted  in  the  faculae  which 
was  situated  between  the  two  spots,  while  in  that  which  followed 
the  group  the  line  was  broken  though  unreversed. 

The  next  observation  was  on  Sept.  3d  in  excellent  definition,  so 
that  the  full  batter)*  of  12  prisms  of  GO"^'  and  a  high  magnifying- 
power  were  employed.  The  following  of  the  two  spots  was  seen 
to  be  broken  up  into  a  number  of  separate  nuclei,  with  penumbral 
and  faculous  matter  filling  up  the  spaces  between.  As  on  Aug. 
30,  so  now  too,  the  C  line  was  unaffected  by  the  prece<ling  spot. 
But  in  its  companion  some  remarkable  reversals  and  displace 
ments  of  the  line  were  observed.  By  carefully  bringing  the  slit 
over  various  portions  of  the  spot,  it  was  possible  to  locate  the 
chief  seat  of  disturbance  as  being  situated  in  the  northern  half  of 
the  spot,  and  in  the  faculous  and  penumbral  gap  which  intervened 
between  this  and  the  southern  half  At  11:30  the  line  was  broken 
in  the  |)enumbral  gap,  and  a  small  portion  was  twisted  and 
blown  towards  the  violet.  It  was  pear-shaped,  with  the  stem  ad- 
hering to  the  dark  line.  It  gave  the  impression  of  fluttering 
about,  as  if  blown  by  a  wnnd.  The  estimated  displacement  was 
0.7  X-metre,  and  the  appearance  lasted  for  about  three  minutes. 
It  was  not  seen  again,  but  subsetiuently  the  line  became  very 
much  widened  on  both  sides.  At  11:53  the  line  was  reversed  in 
that  nucleus  which  was  situated  in  the  N.F  part  of  the  spot.  At 
12:15  it  became  less  dark  in  this  same  nucleus,  and  in  the  penum- 
bral gap  had  a  thin  hair  adhering  to  it  and  turned  towards  the 
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red.  The  motion  therefore  of  the  dark  hydrogen  had  been 
reversed  from  an  nprush  to  a  downrush.  The  thin  hair-like  line 
formed  an  angle  of  about  30°  with  the  main  line.  Lower  down 
this  latter  was  reversed  as  a  bright  dot  probably  in  a  region  of 
faculas,  and  below  this  again  was  greatly  thickened  in  some 
pennmbras.  Hence  five  different  appearances  of  the  line  were  to 
be  seen  in  the  same  field.  At  12:35  the  thin  line  had  vanished,  a 
thickening  of  the  main  line  having  taken  its  place.  When  the 
group  was  sketched  next  morning  at  9:45,  it  was  seen  that  the 
aspect  of  the  spot  had  changed  in  that  very  portion  in  w.hich  the 
disturbance  had  been  observed  in  the  spectroscope.  On  Sept.  6th, 
at  3  P.  M.,  the  C  line  over  this  same  spot  was  less  dark  but  other- 
wise unaffected. 

Fig.  2. 

r9<  ^S3•  132*  ejr  ?30*  229"  ?28'  227"  ^^6'  ^^5^  22^*  221'  22f  22\   ggcT  219*  ?i8*  gi7*  gie* 


^^'* 

LONGITUDE 

' 

*z< 

^^p^ 

♦ir 

-^                — T^^    OCT?  ♦ 

P' 

^: 

♦«: 

•-• 
t 

SEPrtMBER          3     2 

30 

f 

"  SEPI 

\ 

A 

AUGUST 

I 

• 

B 

♦  !»• 

On  Sept.  28th,  at  12  p.  m.,  the  C  line  was  reversed  in  the  nu- 
cleus of  the  preceding  spot,  which  now  alone  sur\'ived.  It  is  note- 
worthy that  as  in  the  case  of  its  comj)anion,  so  now  too,  a  rever- 
sal of  the  hydrogen  line  heralded  its  speedy  dissolution.  Nor 
must  we  omit  to  call  attention  to  the  fact  that  the  independent 
obser^'ations  of  the  reversals  and  twistings  of  the  C  line  on  Aug. 
30  and  Sept.  3,  and  the  observation  of  the  metallic  promi- 
nence on  Sept.  10,  agree  in  placing  the  seat  of  greatest  activity  as 
occurring  in  the  same  portion  of  the  following  sj)ot  of  the  group. 
As  the  scope  of  the  details  just  described  is  only  to  supplement 
the  obser^-ation  of  the  metallic  prominence,  all  reference  to  the 
observations  of  the  remaining  lines  between  B-D  in  the  sjiectrum 
of  the  group  has  been  omitted,  as  they  will,  it  is  ho])ed,  be  more 
appropriately  published  elsewhere. 

St.  Beuno's  College,  St.  Asaph,  1891,  Oct.  17. 


Distribution  in  Latitude  o^olar  Phenomena. 


ON    THE  DISTRIBUTION    IN    LATITUDE  OF  THE  SOLAR   PHENOM- 
ENA   OBSERVED    AT    THE    ROYAL    OBSERVATORY    OF   THE 
ROMAN  COLLEGE,  DURING  THE  FIRST  HALF  OF  I89L* 


M.  P.  TACCHINl. 


Below  are  the  results  which  relate  to  each  zone  of  10*^  in  the 
two  hemispheres  of  the  Sun : 
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Jt  may  be  seen  that,  during  the  first  half  of  1891,  the  solar 
prominences  have  been  more  frequent  in  the  southern  hemisphere, 
as  in  1889  and  1890,  with  the  maximum  of  frequency  always  in 
the  zones  (±  40^  i:  50*^),  while  the  spots  have  maintained  their 
great  predominance  to  the  north  of  the  equator,  like  the  faculae, 
with  maxima  at  lower  latitudes,  as  compared  with  the  promin* 
ences.  All  the  phenomena  are  very  infrequent  in  the  neighbor- 
hood of  the  solar  equator. 

Resume  of  Solar  Observations  made  at  the  Royal  Observatory 
of  the  Rowan  College  during  the  Third  Quarter  ofl89lA 

The  number  of  observing  days  was  31  in  July,  31  in  August^ 
and  19  in  September.    The  following  results  were  obtained : 

•  **Coroptcs  rendus  de  rAcadcttjic  ties  Scieooes,"  7  Sept.,  1891. 
t  From  **Comptcs  rend  us/'  Nov,  30,  lb91. 
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Relative  Frcqacncy 

Of  Days  Relatiye  Size.  No.  Groups^ 

1891.  Of  Spots,    without  spots.    Of  Spots.  Of  Paculae.  Per  day. 

Jnly 18.65  0.00  76.26  82.03  4..03 

Aogust 8.84  0.06  49.06  70.81  2.94 

September 17.52  0.00  114.45  61.10  4.10 

By  comparing  these  data  with  the  results  of  the  obserYation& 
made  during  the  preceding  quarter,  it  will  be  seen  that  the  solar 
activity  has  considerably  increased,  for  the  extent  of  the  spots  is 
twice  as  great.  It  is  also  shown  that  the  minimum  of  faculse  cor- 
responds to  the  maximum  spot  extent. 

The  season  has  been  equally  favorable  for  prominences.  The 
following  results  have  been  obtained : 

Prominbncbs. 
Nnmber  of  Mean  Mean  Mean 

1891.         obaervinc  days,  number.  height.  extent. 

Jolv 30  8.37  40.2"  1.4 

Aagast 30  6.77  41.0  1.9 

September 23  9.26  41.4  2.2 

As  in  the  case  of  spots,  we  have  thus  established  a  sensible  in- 
crease in  prominence  phenomena.  The  greatest  height  observed 
for  a  prominence  was  142",  in  the  month  of  August;  there  have 
been  but  few  metallic  eruptions,  although  interesting  peculiarities' 
were  observed  in  several  prominences,  especially  during  the 
month  of  August. 


THE  CHROMOSPHERE  LINE  ANGSTROM  6676.9. 


A.  L.  CORTIE. 


With  regard  to  Professor  Young's  observations  as  to  the  non- 
coincidence  of  the  bright  chromosphere  line*  {Nature^  November 
12,  p.  28)  with  the  corresponding  dark  line  6676.9  of  Angstrom ''s^ 
scale,  it  may  be  interesting  to  note  that  Professors  Liveing  and 
Dcwar  have  observed  a  barium  line  at  6677,  which  is  therefore 
slightly  less  refrangible  than  the  dark  solar  line.  In  his  catalogue 
Professor  Young  also  gives  a  barium  line  at  6018.0,  which  is. 
identified  with  Kirchoff  933.8.  In  the  course  of  the  observations 
of  Sun-spot  spectra  taken  at  Stonyhurst  with  a  twelve-prism 
spectroscope,  no  dark  solar  line  has  been  noted  in  this  position 
except  in  two  uncertain  instances  over  spots.  It  would  be  an  im- 
portant fact  should  two  barium  lines  be  found  in  the  chromo- 
sphere without  corresponding  dark  lines. 

•  See  also  Astronomy  and  Astro-Phvsics,  January  1892,  p.  59. 


In  the  period  of  maximum  solar  activity  the  bright  line  6676.9 
was  on  several  occasions  seen  in  the  spectroscope*  while  the 
height  of  the  chromosphere  was  being  measured  at  Stonvhurst  on 
the  C  line  of  hydrogen.  At  these  times  C  was  always  ver\- 
bright,  and  generally  displaced  in  the  prominences  in  which 
6676.0  was  seen.  The  latter  line  was  not  seen  in  the  observa- 
tions taken  between  March  9,  1886,  and  September  10.  1891. 
Although  both  Young  and  Thollon  attribute  the  line  to  iron,  no 
iron  Hue  is  given  in  this  position  by  either  Angstrom  or  the  cata- 
logues of  the  British  Association,  Duner,  quoted  l>y  Thollon, con- 
siders the  line  variable  with  the  state  of  solar  actiWty,  but  Ang- 
strom seems  to  have  made  an  error  in  drawing  it  as  a  hue  thin 
line,  as  Kircholf,  Burton,  Fievex^  Smyth,  Thollon  and  Higgs  give 
it  as  a  strong  dark  line.  Finally ,  Young,  Burton,  and  the  Stony* 
hurst  observers  identify  it  with  Kircholi^s  ra}'  654.3,  and  Thollon 
with  641,  which  latter  is  a  calcium  line.  There  would,  then,  ap- 
pear  to  be  some  dilTerences  of  opinion  with  regard  to  this  impor- 
tant line  (cf.  Monthly  Notices  R,  A,  S.,  Vol  li..  No.  1,  p.  22  ) 

St.  Beuko's  College,  St.  Asaph,  November  19, 


NOTES    ON    THE    USE   OF    THE    SPECTROSCOPE    FOR    SKETCHING 

SOLAR     PROMINENCES,     AND     FOR     OBSERVING     THE 

SPECTRA   OF   THE   SPOTS   AND   PROMINENCES.* 


WALTER  aiDGREAVBS, 

In  the  June  number  of  the  Journal  a  general  division  of  the 
work  on  the  Sun  that  nii^^ht  be  imdertaken  with  the  spectroscope 
w^as  given  under  five  headings.  The  Director  of  the  section  Iioped 
to  accomplish  during  the  summer  vacation  more  than  the  cloudy 
condition  of  the  atmosphere  has  allowed  Irim  to  realize.     Never- 

^theless  a  series  of  experiments  with  a  student*s  spectroscope  of  a 
lingle  60°  prism  of  dense  glass  by  Hilger,  ma^"  serve  their  purjjose  \ 

^sufficiently,  which  is»  not  to  guide  those  who  are  already  well 
equipped  fur  the  work,  but  to  help  others  of  our  associates  who 
may  lie  w^illing  to  join  the  section  as  soon  as  they  see  that  they 
can  contribute  to  its  success  by  collecting  material  for  the  study 
of  solar  physics. 

The  spectroscope  was  fitted  to  the  eye  end  of  a  telescope,  w^hich 
is  easily  mounted  on  a  strong  iron  pedestal  in  the  college  garden 
near  the  Observatory.    The  object  glass,  by  Alvan  Clark,  is  of 

•  Joar.  Britisb  Astr,  Assoc^  Oct.,  1891. 
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0V2  inches  aperture.  A  much  smaller  objective  would  do  equally 
well,  if  mounted  on  a  tube  and  axle  strong  enough  to  carry  the 
spectroscope  and  requisite  counterpoises.  The  instrument  is  fitted 
with  the  ordinary  equatorial  gear,  but  has  no  clockwork,  and 
depends  upon  its  slow  motion  rod  for  retaining  the  image.  So 
that  the  results  obtained  will  show  what  may  be  done  with  the 
least  of  needful  appliances. 

The  prominences  were  easily  seen,  and  their  heights  could 
liave  been  measured  with  the  aid  of  a  divided  scale  in  the  eye- 
piece. The  spectrum  of  a  spot  showed  very  well,  and  its  lines 
could  be  examined  while  the  spot  travelled  across  the  field  along 
the  slit.  The  addition  of  clock  movement  to  the  instrument 
would  have  rendered  the  observing  quite  easy. 

For  work  upon  the  prominences  a  position  circle  would  be 
needed  in  addition  to  the  divided  glass  scale,  in  order  to  measure 
the  base  as  well  as  the  height  of  each,  and  to  tabulate  their 
heliographic  latitudes. 

A  remark  here  ma3'  be  of  ser\Mce  to  observers  of  the  solar 
prominences.  Within  the  limits  of  dispersion  sufficient  to  show 
the  bright  lines  of  the  chromosphere  smaller  dispersion  should 
give  a  more  accurate  measure  of  the  height  of  a  prominence  than 
greater  dispersion.  For  the  line  is  brighter  with  the  smaller  dis- 
persion, and  is,  therefore,  not  onh"  visible  to  a  greater  height 
where  intensity  fades,  but  will  bear  a  greater  magnification. 
And  the  ocular  magnification  is  the  onl^'  help  to  the  measure- 
ment, dispersion  adds  nothing  to  the  apparent  length  of  the  line. 
For  observations  of  the  spectra  of  the  spots  and  prominences,  a 
good  map  of  the  solar  absorption  spectrum,  suited  to  the  degree 
of  dispersion  employed,  is  almost  indispensable.  At  the  end  of  the 
second  volume  of  the  **  Publicationen  des  Astrophysikalischen 
Observatoriums  zu  Potsdam*'  (Engelmann-Ivcipzic  1881),  two 
excellent  maps  are  given  for  moderate  and  for  small  dispersions. 
With  the  help  of  these  and  of  their  accompanying  wave-length 
catalogues,  the  observer  can  readily  identify  any  lines  that  are 
affected  by  a  spot  or  by  a  prominence.  He  would,  however, 
probabh'  find  but  little  work  of  this  kind  on  the  prominences, 
which,  so  far  as  we  know  at  ])resent,  only  rarely  show  other 
bright  lines  than  D^  and  the  Hydrogen  reversals.  The  tips  of  the 
absorption  lines  as  seen  with  the  slit  lying  radialh'  over  the  Sun's 
limb  should  be  carefully  scrutinised,  with  a  very  well  adjusted 
instrument,  for  a  small  reversal,  as  the  bright  line  may  reach  up 
to  only  a  snail  fraction  of  the  normal  height  of  the  chromo- 
sphere. 


The  spectra  of  the  spots  aflFord  more  work  for  the  observen 
When  the  image  of  a  spot  is  on  the  sht,  its  spectrum  appears  as  a 
thick,  or  fine  dust  line  according  to  the  size  of  the  spot,  but  read- 
ily distinguishable  from  these  flaws  by  its  flocculent  appearance, 
and  is  infallibly  recognized  by  its  movement  with  the  clock  varia- 
tions w  hen  the  slit  is  set  parallel  to  the  equator. 

The  following  observations  seem  to  be  well  within  the  means  of 
a  smaJl  dispersing  spectroscope: — 

1.  To  note^  according  to  some  scale  of  difference,  the  general 
density  or  darkness  of  the  band,  and  whether  the  density 
appears  to  be  maintained  throughout  the  length  of  the 
spectrum »  or  to  be  greater  in  some  parts  than  in  others. 

2.  To  note  whether  the  solar  lines  appear  to  be  of  uniform 
thickness  where  they  cross  the  spot,  or  to  taper  like  a 
spindle  towards  the  penumbral  regions. 

3.  To  look  for  thickening  of  an}'  lines  as  they  cross  the  spot 
band,  notably  the  prominent  lines  C,  D,,  D^,  E,  &c,,  express- 
ing the  widening  in  the  degrees  of  comparison,  **wMdened/' 
**more  widened,"  and  **most  widened''  where  more  wid- 
ened would  mean  between  one-half  and  the  whole  width  of 
the  line  as  seen  on  the  Sun  off  the  spot, 

4.  To  note  any  alteration  of  intensity  of  the  line  over  a  j^pot, 
whether  entirely  oljliterated,  or  even  reversed, 

0.  To  note  any  distortion  of  a  line,  and  to  which  end  of  the 
spectrum  the  bend  lies. 

In  all  these  observations  an  accurate  adjustment  of  the  instm- 
meot  is  of  the  greatest  importance.  To  detect  a  very  short 
reversal  of  a  line  in  the  chromosphere,  the  Sun's  limb  must  be  very 
sharply  de6ned,  together  wnth  the  perfect  definition  of  the  absorp* 
tion  lines.  When  this  is  obtained,  the  spectrum  of  a  spot  will  also 
show  a  well-cut  band  with  clearly  marked  shadings  responding  to 
every  degree  of  density  in  the  nucleus  and  penumbra.  The  follow- 
ing method  of  finding  the  true  adjustment  is  both  convenient  and 
speedy.  The  solar  image  is  first  brought  to  an  approximate 
focus  on  the  slit.  Then  the  eye-piece  is  ailjusted  to  give  sharply 
defined  edges  to  the  color  band.  Thirdly,  the  absorption  lines  are 
brought  to  focus  with  the  collimator.  This  last  movement  spoils 
the  definition  of  the  edges;  but  by  moving  both  the  collimator 
and  the  eye-piece  simultaneously  or  alternately,  the  lines  are 
quickly  brought  to  focus  coincidently  with  a  shar|>  definition  of 
the  edges  of  the  band.  Lastly,  the  slit  is  set  radially  over  the 
Sun's  image,  with  the  limb  cutting  it  in  the  middle,  and  the  tele- 
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scope  rack  is  moved  until  the  edge  of  the  color  band  given  by  the 
Sun's  limb  appears  as  a  sharply  cut  line.  This  last  movement 
gives  the  true  position  of  the  solar  image,  which  is  not  precisely 
that  of  its  best  definition  on  the  slit  plates. 

The  chromosphere  and  prominences  are  always  measured  here 
with  the  slit  radially  over  the  Sun's  limb  by  a  finely  divided  scale 
on  clean  glass  cemented  to  the  cross-line-plate  of  the  eye-piece. 
The  spectroscope  is  mounted  eccentrically  on  the  position  circle 
at  such  distance  from  the  center  that  only  a  very  small  band  of 
the  solar  spectrum  is  visible  in  the  field.  And  the  band  is  redu^red 
to  nothing  when  the  details  of  a  prominence  are  to  be  examined 
with  an  open  slit.  This  adjustment  of  the  open  slit  is  quite  as  ef- 
fective as  the  tangential  position,  and  is  better  suited  to  our 
method  of  measuring  the  heights  of  the  chromosphere  and  prom- 
inences. 

The  spot  spectra  are  always  observed  with  the  slit  set  parallel 
to  the  equator  in  order  that  any  variation  of  the  clock  movement 
may  not  throw  the  spot  off  the  slit.  The  true  orientation  of  the 
slit  is  found  by  turning  the  position  circle  or  holder  until  the 
chromosphere  remains  visible  in  the  line  C,  while  the  image  of  the 
Sun's  northern  or  southern  limb  travels  the  length  of  the  slit. 

With  a  telescope  of  long  focal  length  the  Sun's  image  is  large 
enough  to  show  a  spot  on  the  slit  plates,  and  then  it  can  be  eas- 
ily brought  on  to  the  slit  by  the  slow  moving  gear.  With  smaller 
telescopes  the  plan  is  to  sweep  the  slit  across  the  solar  image  by 
means  of  the  N.  P.  D.  rod  until  a  spot  band  flashes  along  the 
spectrum.  But  if  a  grating  or  a  single  prism  be  emploj-'ed  for  the 
spectrum,  the  method  suggested  by  Mr.  Townsend,  of  Stamford 
Lodge,  Sevenoaks,  is  clearly  the  simplest  and  the  most  efficient 
process.  He  turns  his  grating  to  serve  as  a  white  light  reflector, 
and  opens  the  slit  as  wide  as  possible,  so  as  to  view  the  Sun's 
disk  through  the  eye-piece  of  the  spectroscope  protected  with  a 
dark  glass.  The  spot  selected  for  observation  is  then  retained 
between  the  jaws  of  the  slit  by  the  AR  rod  while  the  slit  is  closed 
to  the  required  fineness.  One  of  the  faces  of  the  single  prism  can 
be  employed  as  a  first  surface  reflector  in  the  same  manner.  This 
method  is  so  convenient  and  efficient,  both  for  finding  a  spot  and 
for  the  orientation  of  the  slit,  that  where  a  train  of  prisms  is 
employed,  a  separate  reflector  for  the  purpose  would  be  a  valua- 
ble addition  to  the  instrument,  whether  as  a  solar  or  as  a  stellar 
spectroscope. 

Stoxyhurst  Observatory,  Lancashire. 
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THE  MODERN  SPECTROSCOPE, 

The  Star  Spectroscope  of  the  Lick  Observatory* 


J  A  MBS  B. .  K  B  BLE  R , 


In  designing  a  s[Tcctro9copc  for  so  larg^  a  telescope  as  the 
thirty -six-inch  refractor  of  the  Lick  Observator>\  the  weight  of 
the  instrument  is  not  a  consideration  of  special  importance.  Add- 
ing another  hnndred  pounds,  more  or  less,  to  a  telescope  already 
weighing  several  thousand,  has  no  prejudicial  effect  upon  the 
stability  of  the  mounting  or  the  performance  of  the  drixing  clock, 
and  the  si^e  of  the  spectroscope  is  practically  determined  by  the 
opitical  power  desired  or  by  considerations  of  convenience  in 
handling.  In  the  case  of  the  thirty -six-inch  refractor,  the  weight 
of  the  parts  requisite  to  give  sufficient  rigidity  is  considerably  in- 
creased by  the  unusually  great  ratio  of  focal  length  to  aperture, 
as  the  length  of  tlie  collimator  must  be  nineteen  times  the  desired 
effective  aperture  of  the  spectroscope,  and  hence  the  most  impor-^H 
tant  parts  must  be  supported  at  a  considerable  distance  outsidq^^ 
the  focal  plane  of  the  telescope. 

The  weight  of  the  Lick  Observatory  spectroscope  is  nearly  130 
pounds;  with  the  two  brass  rods  forming  the  connection  with 
the  telescope  it  i,s  perhaps  75  or  80  pounds  more. 

A  perspective  view  of  the  instrument,  (from  a  photograph  by 
Mr,  Barnard)  is  given  on  Plate  V,  and  a  scale  drawing,  with  ref* 
erence  letters,  on  Plate  VL  In  the  latter  figure  the  observing  tel- 
escope IS  shown  W'ith  its  axis  parallel  to  that  of  the  collimator. 

The  lower  part  of  the  eye-end  of  the  great  telescope  is  sur- 
rounded by  a  revolving  jacket,  which  is  furnished  with  slow  mo- 
tion  screws,  clamp,  and  position  circle.    On  each  side  are  cast 

three  strong  clamps^  bored  slightly  larger  than  the  brass  rods,  A, 

J5,  which  support  the  spectroscope.  The  rods  (or  rather  tubes^^H 
for  although  closed  at  the  ends,  they  are  hollow),  are  3  inches  in^ 
diameter  and  6  feet  long.  They  are  inserted  for  2Vi  feet  of  their 
length  in  the  clamps  on  the  revolving  jacket,  and  project  2  feet 
3  inches  beyond  the  focal  plane  of  the  telescope.  The  distance  be- 
tween their  centers  is  23Vi  inches,  Un  the  upper  end  of  each  rod 
is  a  short  circular  nut,  and  near  the  lower  end  is  a  projecting  pin, 
which  serves  to  always  bring  the  .^spectroscope  into  the  same  pos- 
ition with  respect  to  the  telescope.    When  all  the  clamps  are 

♦  CoiDmKinicated  by  the  author. 
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tightened,  the  rods  form  a  very  rigid  support  for  the  spectro- 
scope. 

The  brass  frame,  C,  of  the  spectroscope  is  cast  in  a  single  piece. 
It  is  secured  to  the  rods  by  four  clamps,  the  arrangement  of 
which  is  shown  in  the  figure.  The  lower  half  of  each  clamp  is  a 
single  piece;  the  upper  half  is  made  with  a  tight-fitting  hinge,  so 
that  it  can  be  turned  back  on  the  frame.  The  clamps  have  a  small 
amount  of  lateral  motion,  so  that  they  can  adjust  themselves  to 
the  distance  between  the  rods,  and  one  of  them  can  be  rotated  on 
an  axis  perpendicular  to  the  plane  of  the  rods,  an  arangement 
which  prevents  the  spectroscope  frame  from  being  strained  on 
tightening  the  clamps.  The  clamps  were  properly  adjusted  on 
first  mounting  the  spectroscope,  and  since  then  no  change  has 
been  necessary. 

In  mounting  the  spectroscope,  the  eye-end  of  the  great  telescope 
tube  is  first  supported  by  a  prop.  The  rods  are  then  inserted  and 
fixed.  The  spectroscope  is  placed  upon  the  rods  and  allowed  to 
slide  down  until  it  rests  upon  the  stops  provided  for  the  purpose 
on  their  lower  ends,  and  all  the  clamps  are  tightened.  Balancing 
weights  equivalent  to  the  weight  of  the  spectroscope  are  then 
removed  from  the  lower  part  of  the  telescope  tube,  completing 
the  operation,  which  requires  the  work  of  two  persons  for  about 
twenty  minutes. 

The  collimator,  G,  slides  in  the  case,  D,  whicji  is  connected  with 
the  frame  by  opposing  screws,  so  that  the  collimator  axis  can  be 
directed  to  the  center  of  the  great  objective.  The  collimator  can 
be  moved  through  a  range  of  about  100  millimeters  by  turning 
a  large  milled  head,  z,  its  position  being  indicated  by  an  index 
moving  along  a  millimeter  scale.  The  collimator  objective  has  a 
focal  length  of  20  inches  and  an  aperture  of  IV2  inches.  It  is 
made  of  Jena  glass,  and  the  lenses  are  cemented  together  with 
Canada  balsam  to  diminish  the  loss  of  li.qht  by  reflection. 

The  slit,  s,  is  provided  with  a  rack  and  pinion  for  focusing,  and 
a  clamp.  Its  jaws  move  equally  in  opposite  directions  from  the 
center  by  turning  a  right  and  left-handed  screw.  By  turning  a 
small  pinion,  not  shown  in  the  figure,  the  length  of  the  slit  can 
also  be  varied,  q  is  a  diagonal  eye-piece  which  moves  between 
stops,  so  that  when  pushed  in  the  slit  can  be  viewed  from  behind, 
and  when  withdrawn  the  rays  from  the  slit  pass  without  ob- 
struction. This  eye-piece  is  essential  in  so  large  an  instrument, 
for  ensuring  that  the  image  of  the  celestial  object  under  examina- 
tion is  proi3erh'  adjusted  on  the  slit  plate,    r  is  a  pinion  head 


for  moving  the  60^  totally-reflecting  prism  along  the  slit  plate. 
When  moved  fully  in  toward  the  center,  the  reflecting  angle  of  the 
prism  extends  a  little  beyond  the  center  of  the  slit. 

The  slit  and  its  accessories  are  protected  from  accidental  dis- 
turbance by  a  thin  tube,  H,  which  also  serv^es  to  hold  the  tube,  t, 
for  cylindrical  lenses. 

The  strong  cross-piece  which  carries  the  observing  telescope  has 
two  pivots,  one  on  each  side  of  the  spectroscope  frame.  At  Fis 
the  graduated  circle,  12  inches  in  diameter,  divided  on  the  edge, 
on  silver,  to  10'  and  read  by  two  opposite  verniers  to  10".  The 
circle  is  held  by  the  clamping  nut,  p,  and  when  the  latter  is 
loosened,  it  can  be  turned  so  as  to  bring  any  desired  graduation 
to  the  index  of  the  vernier  when  the  observing  telescope  is 
directed  to  the  slit.  In  general  the  reading  of  the  circle  for  this 
position  of  the  observing  telescope  is  made  0°,  and  the  reading 
for  any  other  position  gives  directly  the  deviation  of  the  ray  ob- 
served ;  h  is  tlie  clamp  and  tangent  screw  for  slow  motion  of  the 
observing  telescope,  and  o  is  a  reading  lens  and  shade.  The  vern- 
ier at  o  is  illuminated  by  the  electric  lantern,  i. 

The  smaller  head  shown  at  p  secures  the  outer  end  of  the  long 
spindle  which  forms  one  of  the  l>ea rings  of  the  observing  tele- 
scope. 

Two  observing  telescopes  arc  provided.  The  one  shown  in  the 
figure  has  a  Jena  glass  objective  of  IMs  inches  aperture  and  10 
inches  focal  length.  The  othen  which  is  twice  as  long,  is  used 
with  a  grating  for  solar  spectroscop}-.  The  micrometer,  and 
other  accessories,  are  made  to  fit  both  of  these  telescopes.  The 
short  telescope,  E,  is  more  convenient  when  prisms  are  employed, 
or  for  observation  of  faint  objects  with  low  magnifying  powers. 

The  micrometer,  m,  carries  a  fine  wire,  a  coarse  wire,  and  a 
pointer.  The  head  is  divided  into  100  parts,  and  one  revolution 
(when  the  small  telescope  is  used)  is  equal  to  3'  10", 8.  A  quicker 
motion  w^ould  be  preferable.  The  number  of  whole  revolutions  is 
indicated  on  a  diaL 

A  small  incandescent  electric  lamp  in  the  lantern,  i,  illuminates 
both  the  upper  vernier  of  the  graduated  circle  and  the  wires  of 
the  micrometer.  It  is  connected  by  flexible  w*ire  w4th  the  binding 
posts,  £  The  color  of  the  light  which  enters  the  micrometer  l>ox 
can  be  varied,  so  as  to  approximately  match  that  of  any  part  of 
the  spectrum,  by  means  of  a  revolving  disc,  /,  containing  colored 
glass,  and  its  intensity  is  regulated  by  turning  the  short  tube,  k, 
w  hich  contains  a  small   reflecting  prism. 
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The  two  eye-pieces  which  are  generally  used  on  the  short  teles- 
cope are  achromatic  and  they  have  magnifying  powers  of  7.3  and 
13.3  diameters.  An  eyepiece  giving  a  power  of  7  on  the  long 
telescope  is  also  provided. 

The  observing  telescope  is  counterpoised  by  the  weight,  /.  Ad- 
ditional counterpoises  are  supplied  for  the  long  telescope  and  the 
reversion  apparatus. 

Three  prisms  are  used  with  the  spectroscope,  two  of  them  be- 
ing single  prisms  of  30°  and  60°  refracting  angles  respectively, 
and  the  third  a  compound  prism  of  high  dispersion.  Each  prism 
is  cemented  to  a  separate  table,  or  circular  plate  of  brass,  which 
stands  upon  three  short  foot-screws.  Two  long  clamping  screws 
bold  this  plate  firmly  against  the  grating  table,  a.  The  prisms 
are  therefore  readily  interchangeable,  and  require  no  attention 
after  a  final  adjustment  of  the  foot  screws  has  been  made.  Bach 
prism  is  provided  with  a  light  cover,  6,  which  is  blackened  inside 
and  out  to  prevent  reflections. 

The  grating  table  a,  is  attached  to  the  end  of  a  long  conical 
spindle,  which  passes  through  the  hollow  pivot  of  the^observing 
telescope  arm,  and  carries  at  the  other  extremity  jD,  a  disc,c,  with 
ratching  on  its  circumference.  By  means  of  a  tangent  screw,  d, 
a  slow  rotary  motion  can  be  given  to  the  grating  table,  e  is  a 
small  lever  by  which  the  tangent  screw  can  be  thrown  out  of 
gear,  and  the  grating  table  can  then  be  rotated  freely  by  hand. 

Just  below  the  grating  table,  the  spindle  is  encircled  by  a  col- 
lar, to  which  is  attached  the  tail-piece  of  the  minimum  deviation 
apparatus,  g",  and  the  collar  is  clamped  to  the  spindle  of  the  grat- 
ing table  by  a  screw  A.  By  the  construction  of  the  apparatus 
the  tail-piece  is  made  to  always  bisect  the  angle  between  the  axes 
of  the  collimator  and  the  observing  telescope.  When  a  prism  is 
to  be  used  it  is  first  set  to  the  position  of  minimum  deviation  for 
any  line  of  the  spectrum,  by  means  of  the  tangent  screw,  d;  the 
clamp,  h,  is  then  tightened,  and  the  tangent  screw  is  thrown  out 
of  gear.  The  prism  will  then  be  aiitomaticalfy  kept  in  the  posi- 
tion of  minimum  deviation  for  all  parts  of  the  spectrum. 

When  the  grating  is  used,  the  minimum  deviation  apparatus  is 
undamped,  and  the  grating  is  held  in  position  by  the  tangent 
screw.  It  is  then,  of  course,  entirely  indcj)enclcnt  of  the  observ- 
ing telescope.  The  Rowland  grating  has  14-438  lines  to  the  inch, 
and  gives  very  brilliant  spectra  of  the  higher  orders  on  one  side. 
The  mounting  by  which  it  is  held  to  the  grating  tabic  does  not 
differ  from  the  form  in  common  use. 


At  K  is  shown  the  apparatus  for  producing  comparison  spec- 
tra. But  little  explanation  h  required,  w  are  the  forceps  for 
holding  metallic  electrodes,  w  is  a  rack-and-pinion  for  moving 
the  spark  in  the  line  of  the  forceps.  A  motion  at  right  angles  to 
this  direction  is  obtained  by  rotating  the  forceps-holder  in  its 
collar.  V  is  a  short  tube  holding  a  lens,  by  which  an  image  of 
the  spark  is  formed  on  the  slit,  and  as  the  angular  aperture  of 
this  lens  is  greater  than  that  of  the  collimator  objective,  the  en- 
tire collimator  aperture  is  filled  with  light  from  the  spark,  v  is 
a  tube  in  which  v  slides.  A  neutraUtint  compensated  wedge  can 
be  inserted  in  the  rectangular  aperture  shown  in  v,  if  it  is  neces- 
sary  to  reduce  the  light.  The  forceps-holder  can  be  removed, 
and  replaced  by  a  somewhat  similar  arrangement,  having  no 
rack-and-pinion  motion,  for  holding  spectrum  tul>es. 

A  box  (not  sho\vn  in  the  figure)  containing  an  elaborate  re- 
version attachment,  can  be  inserted  between  the  obseniMng  tele- 
scope and  its  supporting  arm.  The  single  reversion  prism^  which 
is  of  the  form  described  by  Dr.  Carl  Braun  in  the  publications  of 
the  Haynald  Observatory,  is  rotated  by  a  very  fine  micrometer 
screw,  acting  on  the  end  ot  a  long  arm.  The  apparatus  is  some- 
what similar  in  principle  to  the  prismatic  sextant  of  Pistor  and 
Martins,  the  micrometer  screw  rejilacing  the  graduated  arc  of 
the  latter  instrument,  but  the  reversion  prism  allows  an  object 
in  the  line  of  sight  to  be  seen  after  but  one  reflection.  The  re- 
flecting face  of  the  reversion  prism  is  slightly  inclined  to  the  re- 
fracting edge,  so  that  the  direct  and  reflected  spectra  do  not  co- 
incide, but  are  in  close  jixxtaposition.  The  relative  brightness  of 
the  two  images  can  be  varied.  THis  apparatus  answers  well  for 
bright  objects. 

The  Lick  Obseri'ator^'  spectroscope  has  an  effective  aperture  of 
1.06  inches,  when  used  in  connection  with  the  36-inch  refractor. 
When  it  is  not  in  use  on  the  telescope  it  rests  upon  a  truck,  and 
the  full  aperture  of  the  spectroscope,  1.50  inches,  becomes  avail- 
able for  laboratory  work.  The  truck  is  fitted  wnth  drawers  for 
holding  accessories.    There  are  no  photographic  attacliments. 

All  parts  of  the  instrument  (except  one  of  the  prisms)  w^ere 
made  by  Mr.  J.  A.  Brashear,  of  Allegheny,  Pa.,  and  the  workman- 
ship is  of  the  highest  class.  The  design  has  also  proved  to  be  sat- 
isfactory for  all  purposes  of  eye  observation. 
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STARS  OF  THE  FIRST  AND  SECOND  TYPES  OF  SPECTRUM.^ 


E.   W.  MAUNDER,  P.  R.  A.  S. 

The  question  of  stellar  evolution  has  been  much  discussed  dur- 
ing the  past  few  years,  and  not  a  few  new  facts  bearing  upon  it 
have  been  recently  brought  forward,  and  the  consideration  of 
some  of  these  has  led  me  to  think  that  some  conclusions  which 
have  been  very  generally  accepted  require  not  a  little  modification. 

It  is,  of  course,  well-known  to  all  that  stellar  spectra  are  by  no 
means  of  one  uniform  appearance,  and  that  they  show  strongly 
marked  and  striking  differences,  four  leading  types  being  readily 
recognized.  These  types,  if  we  follow  Secchi*s  numeration,  may 
be  briefly  described  as  follows : — 

Type  I.— Color  of  the  stars,  usually  white  or  bluish.  Examples: 
Sirius,  Vega,  Altair.  Characteristics:  the  hydrogen  lines  are 
very  strongly  marked,  being  broad,  dark,  and  diffused  at  the 
edges,  but  the  lines  of  the  metals  are  inconspicuous. 

Type  II. — Color  of  the  stars,  mostly  yellow.  Examples:  the 
Sun,  Arcturus,  Capella,  Aldebaran.  Characteristics:  the  hydro- 
gen lines  are  present,  but  are  not  specially  pronounced;  whilst 
the  metallic  lines  are  numerous  and  distinct. 

Type  III. — Color  of  the  stars,  mosth^  orange.  Examples: 
Betelgeuse,  Antares,  a  HercuHs.  Characteristic:  a  number  of 
shaded  bands  are  seen,  which  are  each  darkest  at  the  end  nearest 
the  violet,  and  shade  off  towards  the  red. 

Type  IV.— Color  mostly  red.  Examples:  19  Piscium,  152 
Schjellerup,  no  very  bright  stars.  Characteristic:  the  presence  of 
shaded  bands  due  to  carbon,  which  shade  off  in  the  opposite  di- 
rection to  those  of  the  preceding  type. 

It  was  ver\'  natural  that  so  soon  as  this  classification  was  rec- 
ognized, these  several  types  should  be  interpreted  as  representing 
different  successive  epochs  in  the  life  history  of  a  star.  Generally 
speaking,  it  has  been  supposed  that  the  Sirian  or  first  type  indi- 
cates the  earliest  period,  that  of  highest  temperature,  that  as  a 
star  cools,  it  enters  on  the  Solar  or  second  stage,  and  with  yet  a 
further  cooling,  on  a  stage  represented  b\'  one  of  the  two  orders 
of  shaded  spectra.  With  this  idea,  it  has  been  very  customary  to 
speak  of  the  Sirian  stars  as  being  on  the  average  much  larger 
than  stars  resembling  our  Sun  in  spectrum.  Thus  the  late  R.  A. 
Proctor,  writing  in  reference  to  them,  sa3's,  **the  stars  belonging 
to  this  type  are  certainly  in  many  cases,  and  probably  in  all, 
•  Jour.  Britisb  Astr.  Assoc,  Oct.,  1891. 


very  large  orbs/'  and  lie  often  spoke  of  them  as  **giant  suns/* 
a  practice  in  which  many  other  writers  have  imitated  him. 

This  was  a  ver^*  natural  inference,  for  on  the  assumption  re- 
ferred to  above,  that  a  first  type  spectrum  indicates  that  the  star 
possessing  it  is  in  the  earUest  stage,  that  of  highest  temperature, 
wc  should  infer:  {!,)  That  Sirian  stars  had  on  the  average  a 
greater  mass  than  Solar  stars,  for  the  larger  the  star,  the  sh>\ver 
would  be  the  process  of  cooling.  (2/)  Sirian  stars  would  on  the 
average  be  less  condensed  than  Solar  stars,  and  ha^nng  a  larger 
mass,  must  needs  have  a  much  larger  volume,  (3.)  Having  a 
much  larger  surface  than  Solar  stars,  and  being  at  a  higher  tern- 
peratare,  they  should  emit,  on  the  average,  a  very  much  greater 
amount  of  light. 

It  must  be  l)orne  in  mind  that  these  differences  cannot,  on  the 
assumption  referred  to,  be  slight  or  insignificant  in  the  mean. 
Since  the  whole  history  of  stellar  evolution  is  summed  up  in  but 
three  or  four  stages,  each  stage  must  represent  enonnous  periods 
of  time,  and  the  difference  between  a  star  in  the  height  of  the  first 
period,  and  the  same  star  in  the  height  of  the  second,  must  be 
yCty  great  indeed,  both  as  to  the  degree  of  condensation,  temper- 
ature and  total  radiation.  If  there  are  the  materials  for  institut- 
ing a  comparison  between  the  actual  brightness  of  stars  of  the 
different  types,  the  first  type  should  come  out  as  the  most  lumin- 
ous, beyond  all  possibility^  of  donlit. 

The  materials  for  such  a  comparison  within  our  reach  are  very 
slight,  but  such  as  they  are,  they  do  not  point  to  any  such  pre- 
dominence  in  brightness  {total  radiating  power)  of  the  Sirian 
stars.  First  we  have  a  few  stars  of  which  the  parallaxes  are 
known,  and,  knowing  their  distances  and  their  apparent  magni- 
tudes, we  can  compute  the  absolute  light-giving  power  of  each. 
The  result  of  the  comparison  is  given  below,  the  Sun  being  taken 
as  unity.  The  magnitudes  have  been  taken  from  the  Oxford 
Uranometria,  the  Sun  being  assumed  to  be  2GMr  magnitudes 
brighter  than  an  average  first  magnitude  star. 

Sirian  Stars. 


fi  Cnssiopicit....*.        12.3 

a  Fersci 83.0 

Sirius 42.4 


a  Cassiopeiie......  59.7 

tf  Cflssio])eia: 5.1 

p  Andromedae..,.  41,5 

Polaris...............  188.5 

a  Arietis 58. 1> 


Procvon 23.7 

Rej^uliis 108,0 

a  Lyrie 2048.1 

Solar  Stars. 

Aldcbarati 71.3 

Capclla 217.7 

Pollux 166.1 

7  Hcrculis 6.4 


a  Draconis 1.7 

a  Aquila:... «..        25,8 

a  Ccphci 67.8 


n  Hcrculis... 2^.0 

<  Cvgni... 1.3 

ArcVurus 6226.9 

Sun 1.0 
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Two  things  strike  the  attention  at  once.  First,  the  striking 
inferiority  of  the  Sun  to  even  the  feeblest  of  these  stars.  This 
may  be  due,  and  not  improbably  is,  to  an  under-estimate  of  its 
brightness.  Or  it  may  be  due,  and  this  is  also  not  unlikely  to 
be  the  case,  to  a  general  over-estimate  of  stellar  distances.  Next 
the  great  disparity  in  light-giving  power  of  the  various  stars. 
Vega  and  Arcturus  tower  far  beyond  all  the  rest.  Dr.  Elkin's 
parallaxes  have  been  used  for  both  these  stars,  and  in  both  cases 
he  has  found  a  much  smaller  value  than  his  predecessors  have 
done.  Still,  whilst  making  all  allowances  for  the  uncertainty  of 
our  knowledge  of  stellar  parallax,  the  comparison  seems  to  show 
that,  if  one  class  has  the  advantage  over  the  other,  the  superioirty 
lies  with  the  Solar  stars;  for  including  Vega  and  Arcturus,  we 
find  the  mean  first  type  star  to  have  a  radiation  of  268.1,  the 
mean  second  type  of  544.0.  Omitting  those  two  stars,  the 
figures  become  45.6  and  70.5  respectively.  Certainly  no  such  de- 
icded  and  unmistakeable  superiority  as  we  should  naturally  ex- 
pect, is  shown  by  the  Sirian  class. 

Another  and  rougher  method  of  comparison  is  to  see  how  the 
stars  of  the  two  types  are  distributed  for  different  orders  of  mag- 
nitudes. I  have  given  a  rough  comparison  in  Knowledge  for 
April  last,  which  seems  to  show  that  Sirian  stars  become  more 
numerous  the  fainter  are  the  stars  we  are  dealing  with.  This 
conclusion  is  confirmed  by  Professor  Pickering's  discovery  that 
the  Milky  Way,  which  is  especially  a  region  of  small  stars,  is  es- 
pecially rich  in  Sirian  stars.  It  appears,  then,  either  that  Sirian 
stars  are  on  the  average  smaller  than  Solar  stars,  or  else  that 
thcN'  are  situated  at  greater  distances  from  us. 

Yet  another  mode  of  comparison  is  afforded  us  by  double  stars. 
Here  we  have  two  stars  at  the  same  distance  from  us ;  difference 
in  apparent  brightness  is  therefore  equivalent  to  difference  in  real 
light-giving  power.  Unfortunately  we  know  but  little  of  the 
spectra  of  double  stars,  but,  if  in  default  of  better  information, 
we  are  guided  by  their  colors,  a  very  remarkable  circumstance 
becomes  apparent.  Where  the  two  stars  are  of  the  same  color, 
the\'  are  always  of  the  same,  or  nearly  of  the  same,  magnitude.  But 
where  the\'  are  of  different  colors,  the  difference  of  magnitude  be- 
comes much  more  marked ;  and  in  nearly  ever\'  case  the  smaller 
star  is  blue,  the  larger  one  white  or  yellow.  In  a  few  cases  the 
smaller  star  is  not  blue  but  red,  but  in  no  case  is  the  larger 
star  blue. 

Accepting,  as  in  some  cases  they  certainh'  are,  the  yellow  stars 
as  of  the  Solar  t\'pe,  and  the  blue  as  Sirian,  we  are  again  brought 


to  conclude  that  so  far  from  the  Sirian  stars  being  the  largest 
and  brightest,  the  very  reverse  is  the  case,  and  it  is  the  Solar 
which  have  the  better  right  to  be  entitled  **  Giant  Suns.  '* 

It  has  been  urged  that  the  succession  of  the  different  stellar 
types  might  be  just  as  plausibly  taken  in  the  reverse  order,  so 
that  the  Solai  stars  were  they  ounger»  and  not  the  Sirian.  The 
conclusion  just  reached  might  be  taken  as  confirming  such  a  view, 
were  it  not  for  certain  facts  which  strongly  point  to  the  first  type 
stars  being  much  less  condensed  than  those  of  the  second  type. 
For  in  the  case  of  binar\'  stars,  for  which  the  elements  of  the 
orbit  have  l>een  computed,  we  can  compare,  on  the  assumption 
that  the  intrinsic  brightness  per  unit  of  surface  for  all  the  stars  is 
the  same,  the  density  of  one  pair  with  that  of  another.  The 
result,  as  the  following  table  will  show,  gives  0.3026  as  the  mean 
density  for  the  Solar  class,  the  density  of  the  Sun  being  taken  as 
unity,  and  only  0.0211  for  that  of  the  Sirian.  One  most  remark- 
able exception  to  the  general  greater  density  of  Solar  stars,  how- 
ever, is  furnished  by  the  instance  of  r  Leonis,  which  appears  by 
this  comparison  as  b\^  far  the  lightest  of  all  binaries,  though  it  is 
of  the  second  type.  Still,  even  allowing  for  this  evidently  excep- 
tional star,  the  Solar  stars  are  on  the  average  14-, 3  times  as 
dense  as  the  Sirian,  a  difference  too  great  and  too  systematic  to 
be  accidental.  P'urther,  Dr.  Huggins  has  shown  us  stars  actually 
involved  in  the  great  nebula  of  Orion,  and  showing  the  typical 
nebular  lines;  so  that  they  would  seem  to  be  in  the  very  process 
of  forming  out  of  the  nebula.  Yet  the  Orion  stars  are  of  the 
first  type. 

SmiAx  Stars. 


02  4 0401 

OX  20 0  uOti 

14  Ononis 0.022 

12  Lyncis.............  0,003 

Sinus 0.011 

Castor 0.001 

CCiincH 0.037 


1  3062 0  323 

If  Cassiopeia?... 0,956 

36  Audromcdffi.....  0.012 
1228 U.143 

02  149.... 0.164 

2  1037»..».. 0.073 

13121 1.882 

4  Ursw  Miij... 0.181 

01  234 0.075 

Ol  235 0.059 


M  Lconis 0,022 

^  Trsar  M«j,. .........  0.O02 

y  Virginis 0,017 

25Cnii.  Yen. 0.017 

f/ Coroiirc  Bor......  0.109 

//•  Buutis. 0.040 

y  Camnre  Bor......  0.002 

S01.AR  Stars. 

42  Cofim? 0.047 

1  1757 ..0,803 

11819 ....0.196 

a  Ccntauri 0.121 

y  Lconis ..,0,0002 

$Bo5ti8. 0.914 

44  Hootia 0.061 

01  298 0,600 

a  Coronsc  Bar 0,077 

C  Hercolis... 0.018 


%  Scornii 0.013 

y  Oplnuchi., U.OOl 

pt  Draoiinis 0.O21 

;Sagittarii 0.0O2 

t^  Cv^ni. 0.001 

fi  Ddphini O.OIO 

\  Cv>.nri... 0.005 


12107.. 0.079 

12173 0.219 

r  Ojilnuchi....... 0.009 

70  0pliiut:hi 1.103 

^  Coronae  Aost....  0.134 

01  387 0.047 

01  400. 0.034 

4  Aquarii 0.026 

r  Cygnt 0.020 

n  Ccphci 0.005 

Sun 1,000 
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Further,  the  Algol  variables,  where  we  have  a  comparison  star, 
revolving  almost  in  contact  with  its  primary,  and  we  may  infer, 
bat  recently'  separated  from  it,  are  all,  so  far  as  we  know,  of  the 
first  tjrpe.  These  stars  are  evidently  in  an  early  and  but  little  con- 
densed condition.  So  too,  the  "spectroscopic  doubles"  hitherto 
discovered,  have  all  been  of  the  first  t3'pe.  We  may  conclude, 
therefore,  from  such  evidence  as  lies  before  us  as  yet,  that  if  these 
two  tA'pes  of  spectrum  indicate  successive  stages  of  development 
at  all,  the  ordinary  idea  that  the  Sirian  is  the  earlier  stage,  must 
be  accepted.  And  \'et,  as  we  have  already  seen,  the  Sirian  stars 
should  on  that  assumption  have  by  far  the  greater  total  radia- 
tion ;  whereas  the  reverse  would  rather  appear  to  be  the  case. 

The  colors  of  double  stars  emphasize  this  difficulty.  If  both 
members  of  a  pair  were  formed  at  the  same  time,  then  the  smaller 
should  enter  the  earlier  on  the  second  stage  of  development,  and 
we  should  expect  to  see  many  instances  of  Sirian  primaries  and 
Solar  companions.  And  the  greater  the  difference  in  size  between 
the  two,  the  further  should  the  smaller  body  be  advanced  as  com- 
pared with  the  larger.  We  really  find  the  very  reverse  to  be  the 
case.  We  never  find  the  primary  blue  and  the  satellite  yellow ; 
but  the  greater  the  difference  in  size  between  the  two  the  more 
frequently  is  it  the  case  that  the  principal  star  is  yellow  audits 
dependent  blue.  Nor  can  we  get  over  the  difficulty-  by  supposing 
that  the  small  star  was  formed  much  later  than  the  larger. 
Whenever  formed,  it  could  not  have  started  in  an  earlier  state  of 
condensation  and  temperature  than  its  parent  orb  possessed  at 
the  time  when  it  gave  it  birth. 

Yet  another  fact  has  recently  come  to  light  which  points  yet 
more  strongW  in  the  same  direction,  viz.,  the  prevalence  in  cer- 
tain limited  regions  of  special  types  of  spectrum,  such  as  those  of 
the  fourth  type,  or  of  the  **  Wolf-Rayet "  stars,  or  fifth  type.  The 
discover>'  which  Professor  Pickering  has  now  announced,  that 
the  Milk v  Way  is  specially  rich  in  first  type  stars,  is  a  fact  of  the 
same  order;  so  also  is  the  prevalence  of  a  particular  variety  of 
that  type  in  Orion.  But  the  most  conclusive  circumstance  of  the 
kind  is  the  discovery  that  the  stars  in  the  Pleiades  are  practically 
all  of  the  same  type.  P'orming,  as  they  manifestly  do,  a  real 
group,  and  therefore  lying  all,  practically,  at  the  same  distance 
from  us,  and  embracing  amongst  their  number  stars  of  a  great 
range  of  magnitude,  we  see  they  must  be  of  very  different  sizes. 
Yet  we  find  practicalh'  but  one  type  of  spectrum.  Is  it  reasona- 
ble to  suppose  that  throughout  the  group  the  smaller  stars  are 
just  so  much  younger  in  actual  interval  of  time  from  their  forma- 


tion  than  the  larger,  that  smaller  size  has  been  exactly  balanced 
hy  shorter  time  and  that  in  this  way  the  entire  ^roup  preserves 
to  us  an  appearance  of  unifonnity  ?  Is  it  not  much  more  natural 
to  suppose  that  they  all  show  the  same  si>ectrom,  because,  tbrni- 
ing  one  group,  they  contain  the  same  materials  and  in  similar 
proportions  ? 

There  seems  indeed  to  me  but  one  wa^'  of  reconciling  all  these 
different  circumstances,  viz,^  to  suppose  that  spectrum  type  does 
not  primarily  or  usually  denote  epoch  of  stellar  life,  but  rather  a 
fundamental  difference  of  chemical  constitution.  If  so,  we  can 
readily  understand  why  special  types  should  affect  special  regions, 
and  why  in  the  case  of  double  stars  the  two  should  be  of  the 
same  type  when  both  are  nearly  of  the  same  size,  and  the  smaller 
the  hydrogen  star  when  the  difference  of  magnitude  is  consider- 
able. The  spectroscope  has  indeed  shown  us  that  the  vsame  ele- 
ments exist  in  Sun  and  stars  as  we  are  familiar  with  here,  but  to 
tack  on  to  this  fact  the  assumption,  so  often  tacitly  made,  that 
they  are  distributed  throughout  the  universe  in  the  same  propor- 
tions, seems  to  me  wholly  unwarranted  and  contrary  to  proba- 
bility. If  they  are  not  thus  etpially  distributed,  then  we  ought  to 
find  some  stars  rich  in  hydrogen  and  some  in  metals,  and  the 
resulting  difterences  in  their  sjjectra  will  afford  us  no  ground  for 
concluding  the  one  to  be  in  an  earlier  condition  than  the  other. 
The  difference  will  be  one  of  chemical  and  fundamental  constitu- 
tion, not  of  epoch  of  stellar  histor^^ 

Of  course  our  knowdedge  on  the  various  points  to  which  I  have 
alluded  is  as  yet  very  meager,  and  further  researches  may  entirely 
change  the  aspect  of  affairs.  For  example,  wc  may  find  that  our 
present  types  are  far  too  general,  we  may  be  grouping  together 
as  of  the  same  class  of  spectrum  stars  which  a  more  careful  CAam- 
inatiou  may  show^  to  differ  from  each  other  in  some  easily  over- 
looked but  most  important  detail.  Professor  Pickering  has  al- 
ypeady  carried  the  classification  of  spectra  much  further  thau  it 
las  been  carried  before.  So  it  may  well  turn  out  to  be  the  case 
that  there  is  only  a  superficial  resemblance  between  the  spectra  of 
giants,  like  Sinus  and  Vega,  and  of  the  little  stars  which  swarm 
in  the  galaxy,  or  of  the  tiny  acolytes  of  unequal  doubles.  Lock- 
yer  has  already  urged  a  division  of  the  solar  tyt»e  into  two 
classes,  one  indicating  a  stage  earlier  than  the  Sirian,  and  the 
other  later;  an  arrangement  which  would  explain  some  of  the 
facts  I  have  here  touched  upon.  But  arguing  from  the  facts  we 
at  present  possess,  lam  inclined  strongly  to  helieve  that  the  first 
and  second  types  of  spectrum  indicate  rather  real  differences  of 
stellar  constitution  than  differences  in  the  stage  of  development* 
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The  cases  of  the  third  and  fourth  types  I  consider  different. 
We  have  much  fewer  facts  to  go  upon  with  regard  to  them,  but 
the  evident  connection  between  variability  and  third  type  spec- 
trum inclines  me  to  think  that  that  class  of  spectrum,  at  least, 
ma^'  be  really  indicative  of  the  particular  stage  in  its  history 
which  the  star  has  reached. 


THE  IRON  SPECTRUM  AS  A  COMPARISON  SPECTRUM  IN  SPECTRO- 

GRAPHIC  DETERMINATIONS  OF  STELLAR  MOTION 

IN  THE  LINE  OF  SIGHT.* 


PROFESSOR  H.  C.  VOGEL. 
DiBBCTOR  OP  TUB  ASTRO-PHYSICAL   OBSERVATORY, 


In  the  Sitzungsberichten  der.  K,  Akad,  d,  Wissenschaften  for 
March  15,  1888,  an  account  is  given  of  my  first  observations,  by 
which  it  has  been  shown  possible  to  reach  a  more  certain  basis 
for  the  determination  of  the  motion  of  the  stars  in  the  line  of 
sight  by  the  spectrographic  method  than  by  direct  observations, 
even  with  equal  instrumental  means.  The  expectations  raised  by 
these  first  results  with  a  temporary  apparatus  as  to  the  accuracy 
attainable  in  the  determination  of  stellar  motions,  have  not  only 
been  borne  out  in  the  course  of  time,  but  even  much  surpassed. 

The  more  exact  knowledge  of  the  motions  of  the  brighter  stars 
in  the  northern  sky,  gained  of  late  by  spectrographic  determina- 
tions, in  general  confirms  the  results  of  former  direct  observations 
as  to  the  direction  of  the  motion,  but  serves  to  considerabh^  alter 
our  notion  of  the  velocity,  which  in  the  direct  observations  was 
generally  much  over-estimated. 

I  have  given  in  Astr.  Nachrichten,  No.  2896,  a  description  of  the 
construction  of  the  apparatus  used  to  make  final  determinations, 
together  with  an  account  of  the  method  of  measuring  spectro- 
grams of  stars  of  the  second  type.  It  was  found  very  early  in 
the  course  of  the  research  that  the  accuracy  of  the  results  very 
largely  depends  upon  the  method  of  measuring  the  spectrograms ; 
for  this  reason  I  have  been  busily  engaged  in  ascertaining  the 
most  advantageous  method.  Great  diflSculties  as  to  this  point 
had  to  be  overcome,  especially  in  the  case  of  stars  of  the  first  t\'pe 
with  broad  hydrogen  lines,  but  even  here  I  have  succeeded  in  giv- 
ing to  the  measures  a  precision  nearlv  equalling  that  attained  in 
stars  of  the  second  type.     The  method,  which  was  described  in 

•  Translated  from  the  Sitzungsberichte  dcr  Berlin  Akademie  der  Wissenschaften, 
4Jone.  1891. 


Astr.  Nachnchten,  No,  2995  with  the  accotitit  of  the  observations 
of  rt  Virginls»  is  ver\^  simple,  and  at  the  same  time  secures  to  the 
observer  the  greatest  possible  freedom  from  prejudice.  In  all 
these  investigations,  however,  the  hydro*2:en  spectnim.  or  rather 
the  line  H r*  has  served  as  a  basis  for  measurement. 

In  the  atitnmn  of  1888,  when  the  first  experiments  with  the 
new  spectrograph  were  in  progress,  an  endeavor  was  made  to 
use  another  comparison  spectrum  in  addition  to  the  Indrogen 
spectrum.  Magnesium  naturally  suggested  itself,  as  the  Mg  line 
at  wave-length  448 '."  is  very  sharp  and  clearly  defined  in  a  g:reat 
many  stellar  spectra,  and  does  not  fall  too  far  from  the  center  ot 
the  portion  of  the  spectrum  given  by  the  spectrograph.  No 
satisfactory  results  have  as  vet  been  obtained  in  this  way,  how- 
ever, as  the  Mg  line  artificiallv  produced  by  the  spark  discharge 
in  air  is  broad  and  diffuse,  and  is  thus  not  suited  for  exact  meas- 
ures. Tlje  experiments  were  repeated  with  various  modifications 
at  the  beginning  of  the  present  year,  but  with  the  same  negative 
result.  But  the  iron  spectrum  has  turned  out  to  be  very  nseful 
for  a  comparison  spectrum.  The  lines  are  sharp  and  not  too 
numerous  in  the  neighborhood  of  the  Hr  and  Mg  (448-.'.)  lines, 
so  that  for  stars,  in  whose  spectra  this  magnesium  line  is  the 
onH*  one  visible  in  addition  to  the  hydrogen  line,  measures  may 
safely  be  made  by  connecting  some  iron  lines  with  the  magnesium 
line.  But  for  bright  stars  of  the  first  type,  the  spectra  of  which 
contain,  in  addition  to  the  hydrogen  line,  a  great  number  of  fine 
lines  mostly  belonging  to  iron,  there  was  reason  to  believe  that  a 
higher  degree  of  accuracy  might  be  reached  in  the  determination 
of  stellar  motion  in  the  line  of  sight  by  photographing  the  iron 
s[Jectmm  on  the  same  plate  with  the  spectrum  of  the  star.  For 
this  purpose  it  is  necessary  that  the  iron  lines  do  not  cross  the 
stellar  spectrum,  as  I  hnve  found  useful  in  the  case  of  the  hydro- 
gen line,  but  extetid  only  to  its  edges  on  either  side.  This  result 
may  be  (jbtained  by  covering  the  part  of  the  slit  through  which 
the  image  of  the  star  passes  with  a  small  strip  of  metal,  while 
the  photograph  of  the  iron  spectnnn  is  being  taken.  If  this  were 
not  done  it  might  happen  that  on  account  of  their  very  small  dis- 
placement, the  lines  of  the  artificial  spectrum  might  fall  too  near 
the  stellar  lines,  or  even  overlap  them,  so  as  to  prevent  accurate 
measures. 

In  the  observations  of  Sirius  recently  made  here  the  iron  elec- 
trodes (piano-wire)  were  placed  at  a  distance  of  35cni  from  the 
slit,  and  were  so  adjusted  that  the  short  spark  (2mm  to  3mm) 
was  exactly  in  the  optical  axis  of  the  collimator.     The  spark  was 
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produced  by  a  large  RuhmkorfF  coil  with  4  Leyden  jars.  An  ex- 
posure of  25  seconds  was  sufficient  to  give  the  principal  iron 
lines. 

In  addition  to  this,  several  points  essential  to  accurate  meas- 
ures, to  which  I  have  called  attention  before,  have  been  carefully 
observed.  The  comparison  spectrum  must  be  taken  with  the 
telescope  directed  to  the  star,  and  the  middle  of  the  exposures  for 
the  stellar  and  metallic  spectra  must  coincide  as  closely  as  possi- 
ble, in  order  to  do  away  with  the  effect  on  the  measures  of 
changes  in  the  flexure  of  the  apparatus  and  variations  in  the  dis- 
persion due  to  temperature. 

The  following  wood-cut  gives  an  illustration  (negative)  of  a 
portion  of  the  spectrum  of  Sirius  with  the  principal  iron  lines,  as 
obtained  on  March  22,  1891.  The  cut  was  made  from  an  en- 
larged copy  of  the  original  negative.* 
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Besides  the  lines  of  the  iron  spectrum,  the  artificially  produced 
hydrogen  line  Hy  is  seen  extending  across  the  spectrum  of  the 
star.  All  of  the  stellar  lines,  as  compared  with  the  correspond- 
ing lines  of  the  artificially  produced  iron  spectrum,  show  a  slight 
displacement  toward  the  red. 

Measures  of  the  plates  under  the  microscope  have  given  the  fol- 
lowing: results: 
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'  Double  line,  the  first  component  very  faint  in  the  stnr  spectrum.  -  As  it  is 
doubtful  whether  the  stellar  and  iron  lines  correspond  the  observation  is  omitted. 

*  Lines  of  the  iron  si>eetrnm  too  broad  and  strong  for  a  good  measure.     *  Lines 
in  the  iron  spectrum  too  broad  and  strong,  in  the  star  diffuse  and  not  well  seen. 

*  Iron  line  very  faint. 

•  Much  of  the  perfection  of  detail  in  the  original  has  unfortunately  been  lost 
in  the  reproduction.  The  hydrogen  line  in  the  star  should  be  very  diffuse  at  the 
edges,  not  sharply  defined  as  shown.        [G.  E.  H.] 


The  first  column  gives  the  wave-lengths  in  millionths  of  a  milli- 
metre, the  second  the  measured  distances  between  the  lines  in  the 
stellar  spectrum  and  the  corresponding  lines  of  the  comparison 
spectrum  in  turns  of  the  micrometer  screw  (1**  —  0'""\25).  The 
value  of  the  distance  measure  obtained  as  the  mean  of  4  settings 
has  a  weight  1.  In  the  case  of  particularly  well  defined  lines  two 
sets  of  i!idependent  measures  have  been  made;  the  mean  of  these 
measures  is  given  the  weight  2»  while  the  weight  %  designates 
observations  of  lines  which  were  measured  with  difficulty. 

In  the  photographs  of  March  21  the  stellar  spectra  are  narrow, 
and  the  lines  of  the  iron  spectnmi  do  not  extend  to  the  edges  of 
the  spectrum  of  the  star.  In  measures  of  the  star  spectrum  the 
settings  were  made  tangential  to  the  curved  lines,  while  in  the 
case  of  the  iron  spectrum  the  ends  of  the  arcs  above  and  below  the 
star  spectrum  were  united  by  the  cross-hair,  thus  rendering  neces- 
sary a  coiTCction  to  the  measures.  The  mean  of  several  measures 
in  the  neighborhood  of  the  H  r  li^e  gave  266^  as  the  radius  of 
curvature  of  the  lines  in  the  spectrum,  and  thus  corrections  of 
0**.008  and  0**.U05  are  deduced  for  the  distance  of  the  point  of 
tangency  from  the  middle  of  chords  4.»*J>  (No.  246)  and  3^.3  (No. 
247)  in  length  respectively.  Since  the  lines  are  convex  toward  the 
red  end  of  the  spectrum,  and  the  displacement  of  the  stellar  lines 
as  referred  to  the  comparison  lines  is  in  the  same  direction,  it  fol- 
lows that  all  measures  will  be  diminished  by  this  amount.  In  the 
photograph  of  March  22  the  iron  lines  reach  to  the  edges  of  the 
star  spectrum.  In  the  measures  the  settings  were  made  on  the 
points  of  contact,  and  on  the  stellar  lines  also  at  the  edge  of  the 
spectrum,  so  that  no  correction  is  necessary. 

The  amount  of  the  linear  displacement  in  different  regions  of  the 
prismatic  spectrum  is  different  for  equal  differences  of  wave- 
length, or  tilt!  same  displacement  corresponds  to  a  diflercut 
velocity  in  the  line  of  sight.  For  the  wave  lengths  in  question  the 
motions  in  geographical  miles  may  be  found  in  the  following 
tabic,  which  has  been  determined  from  numerous  measures  of 
photographs  of  the  solar  spectrum  made  with  the  spectrograph. 
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Applying  the  correction  for  the  curvature  of  the  lines  the  mo- 
tions of  Sirius  corresponding  to  the  displacements  as  calculated 
from  the  table  are  as  follows : 
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Mean:  1.24  1.05  0.87 

The  mean  of  the  three  determinations,  considered  as  of  equal 
weight,  is  1.05  gepgraphical  miles,  which  is  the  amount  per  sec- 
ond by  which  the  star  increases  its  distance  from  the  Earth,  as 
the  displacement  of  the  lines  in  the  spectrum  is  toward  the  red. 
At  the  time  of  the  observation  the  component  of  the  Earth's 
motion  in  the  direction  of  Sirius  was  +  3.01  geographical  miles. 
The  motion  per  second  of  Sirius  with  respect  to  the  Sun  on 
March  22.0,  1891,  was  therefore: 

—  1.96  geogr.  miles. 

I  give  below  the  observations  of  the  motion  of  Sirius  obtained 
with  the  spectrograph,  in  which  the  measures  of  displacement 
were  made  with  respect  to  the  hydrogen  line  H^. 

Observed  Motion  of 

Displacement  in     Sirius  wilh  re-         Reduction      Motion  of  Sirius 
revolutions  of    ppect  to  Hnrth.  to  Sun.     with  resjiect  to  Sun. 
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The  agreement  of  this  mean  with  the  value  deduced  above  is 
certainly  ver\'  satisfactory',  and  in  this  case  the  use  of  the  iron 
spectrum  is  of  little  advantage,  especially  if  it  is  considered  that 


much  more  physical  apparatus  is  needed  for  tie  observation. 
Great  accuracy  is  also  required  in  the  adjustment  of  the  elec- 
trodes, in  order  that  the  spark  may  be  as  nearly  as  possible  in 
the  optical  axis  of  the  telescope^  while  the  adjustment  of  the 
hydrogen  Geissler  tube  at  right  angles  to  the  optical  axis  does 
not  require  particular  care,  if  the  tube  is  accurately  placed  at 
right  angles  to  the  direction  of  the  slit.  That  the  advantage  of 
using  the  iron  spectrum  is  not  clearly  brought  out  in  the  case  of 
Sirius  is  principally  due  to  the  circumstance  that  the  lines  in  the 
Sinus  spectrum  are  so  very  faint  and  narrow  that  settings  of 
the  micrometer  cross-hair  cannot  be  made  \%nth  as  great  accuracy 
as  with  somewhat  broader  and  stronger  lines.  The  photographs 
on  March  21  and  22  of  this  year  are  also  not  as  good  with  re- 
s\)GQt  to  the  fine  h*nes  as  others  obtained  before.  «  C^^gni  would 
have  served  better,  as  the  iron  lines  in  its  spectrum  are  stronger. 

The  principal  advantage  of  the  method,  which  must  not  be 
overlooked,  lies  in  the  fact  that  each  line,  comjjared  with  the  cor- 
responding line  of  the  artificial  spectrum,  gives  an  independent 
determination  of  the  motion  ;  thus  the  value  of  a  single  plate  is 
auch  increased,  as  in  the  method  which  I  have  used  for  sf>ectra  of 
Hie  second  type,  for  the  effect  of  any  irregularities  in  the  photo- 
graphic film  is  eliminated  by  measuring  several  lines. 

The  iron  spectrum  is  also  recommended  as  a  comparison  spec- 
trum for  stars  of  the  sccontl  type,  but  in  these  spectra  containing 
a  great  number  of  lines  mistakes  are  more  easily  made  in  com- 
paring the  stellar  lines  with  the  corresponding  artificial  lines  than 
is  the  case  with  stars  of  the  first  type,  particularly  those  which 
show  only  iron  lines,  and  great  care  is  therefore  necessary  in  the 
choice  of  the  lines.  This  caution  may  even  be  carried  so  far  as  to 
omit  narrow^  double  lines  w4th  ver\'  uneciual  components,  for  I 
have  found  that  in  photographs  of  emission  st>ectra  an  unsym- 
metrical  widening  occurs  in  very  close  double  lines,  such  that  after 
long  exposure  the  centers  of  the  photographed  lines  are  more 
widely  separated,  since  the  deposit  of  silver  is  greater  on  the  outer 
edges  than  between  the  lines.  When  the  components  are  equal 
this  peculiarity^  of  the  photographic  plates  does  no  harm,  if  the 
measures  are  made  on  the  middle  of  the  double  lines.  Even  in 
absorption  spectra  a  very  similar  propensity  to  that  seen  in 
emission  spectra  is  to  be  expected,  though  perhaps  to  a  less  ex- 
tent, and  in  fact  it  has  been  found  in  a  great  number  of  measures 
in  the  spectra  of  stars  of  the  second  type  which  contain  a  great 
many  lines,  that  large  deflections  are  most  frequent  in  the  case  of 
close  double  lines  with  une(|ual  components.  Single  lines  have 
therefore  been  used  as  far  as  possible  in  the  measures. 
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I  may  add  in  conclusion  that  with  the  investigations  on  Sinus 
here  presented  my  preliminary  spectrographic  observations  for 
the  determination  of  stellar  motions  are  ended  for  the  present; 
but  I  hope  that  I  will  be  able  to  resume  them  shortly  with  more 
powerful  optical  apparatus. 


RESEARCHES    ON    THE    RADIAL    MOTION    OF    STARS    WITH    THE 
SIDEROSTAT  OF  THE  PARIS  OBSERVATORY.* 

M.  H.  DESLANDRES. 


The  investigation  of  the  radial  velocityt  of  stars  by  the  dis- 
placement of  lines  in  their  spectra,  according  to  the  method  of  M. 
Fizeau,  must  furnish  the  solution  of  new  and  important  ques- 
tions. But  the  experiment  is  a  delicate  one,  and  twenty-five 
years  of  visual  observations  of  these  displacements  has  given 
only  uncertain  or  contradictory  results;  photographic  observa- 
tion, on  the  contrary,  does  not  seem  to  be  subject  to  the  same 
sources  of  error.  It  is  my  intention,  according  to  the  plan  of 
Admiral  Mouchez,  to  carry  on  at  the  Paris  Observatory  the 
regular  study  of  stellar  motions  by  spectrum  photography. 

The  first  results  were  obtained  with  the  great  telescope  of  1.20 
metres  aperture  (see  Compter  re/2c/us,1891);  but  the  spectroscope 
employed,  which  was  then  the  onh-  one  which  could  be  adapted 
to  this  great  instrument,  was  of  small  dispersive  power  (a  dis- 
placement of  TjJo  millimetre  corresponding  to  a  velocity  of  11 
kilometres  per  second).  I  have  also  used  for  the  same  purpose 
the  Foucault  siderostat,  with  which  an}-  form  of  spectroscope 
may  be  readily  employed. 

Method  of  Experiment. — The  beam  of  light  reflected  horizon- 
tally b\'  the  mirror  of  the  siderostat  is  received  by  a  12-inch 
objective  (Secretan),$  which  gives  an  image  of  the  star  on  the 
slit  of  the  spectroscope.  The  spectroscope,  arranged  for  photo- 
graphy, has  1  or  2  prisms  of  light  flint,  with  lenses  of  0.65  metre 
focal  length.  A  displacement  of  tJ„  millimetre  corresponds,  with 
one  prism,  to  a  velocity  of  8  kilometres  per  second;  with  two 
prisms,  to  a  velocity   of  5  kilometres. 

But  the    siderostat  has  no    finder,   and    follows  the    diurnal 

*  "Comptes  rendus"  Noveml)er  23,  1H91. 

f  I  call  radial  velocity  the  velocity  projected  on  the  radius  which  unites  the 
earth  to  the  star.  This  velocity,  as  is  well  known,  is  not  given  b\'  ordinar}- 
observations,  which  can  only  reveal  the  component  periKndiciilar  to  the  radius. 

X  This  objective  was  formerly  employed  on  the  ecfuatorial  of  the  West  tower; 
I  have  achromatized  it  for  thechemical  ra^-s  by  a  suitable  separation  of  the  lenses. 


motion  very  badly.  I  have  had  recourse  to  a  special  method  of 
directing  and  maintaining  the  star  on  the  slit.  This  slit,  which 
is  illuminated  by  a  red  light,  is  formed  of  two  platinum  jaws, 
polished  and  inclined  in  such  a  manner  as  to  reflect  to  one  side 
the  beam  of  light  from  the  objective.  An  auxiliary  telescope, 
placed  near  the  right  ascension  and  declination  slow  motions, 
receives  this  light,  and  gives  the  image  of  the  star  and  the  slit  in 
the  same  field  of  view.  It  is  thus  possible  to  correct  the  irregular 
movement  of  the  siderostat.*  As  a  further  precaution  another 
auxiliary  telescope  receives  the  rays  reflected  from  the  first  prism, 
and  indicates  at  any  instant  the  quantity  of  light  which  enters 
the  spectroscope. 

At  the  middle  of  the  exposure  the  comparison  spectra  are  photo- 
graphed above  and  below  the  spectrum  of  the  star,  the  two 
sources  to  be  compared  being  placed  in  as  nearly  as  possible 
identical  conditions.  The  sources  of  comparison  are  electric 
sparks  from  at  least  tJiree  substances,  hydrogen,  calcium  and  iron, 
winch  are  found  in  most  of  the  heavenly  bodies.  The  electric  spec- 
trum of  iron,  which  I  was  the  first  to  employ  and  recommend 
(Comptes  rendus,  1890  and  Feb.,  1891),  is  particularh'  advanta- 
geous on  account  of  the  numerous  fine  lines  which  it  contains;  for 
the  investigation  of  displacement  it  is  much  to  be  preferred  to  the 
single  line  Hy  of  hydrogen,  employed  by  M.  Vogel ;  with 
white  stars  of  the  first  type,  it  assures  twice  as  great  precision  to 
the  measures.  Moreover,  in  a  receut  note.t  M.  Yogel  announces 
that  on  the  21st  of  last  March  he  tried  the  iron  spectrum  and 
recognized  its  superiority. 

Results. — These  simple  arrangements  have  allowed  photographs 
and  measures  of  displacement  to  be  made  of  the  brighter  stars.  I 
have  the  honor  to  present  to  the  Academy  one  of  these  photo- 
graphs, which  shows  the  spec t aim  of  Sinus  compared  March  3, 
1891,  with  the  spectra  of  hydrogen,  iron  and  calcium. 

The  photograph  shows  at  a  glance  that  4  lines  of  hydrogen,  2 
of  calcium  and  11  of  iron  are  present  in  the  star.  Moreover,  the 
lines  of  the  star,  referred  to  the  comparison  lines,  are  slightly  dis- 
placed towards  the  red.  This  displacement,  measured  to  ^J^  mil- 
limetre on  the  10  sharpest  lines,  corresponds  to  an  apparent  re- 
ceding motion  of  the  star  of  +  19  kilometres  per  second.  Now 
the  velocity  of  the  earth  in  its  orbit ^  projected  on  the  liirection  of 


•The  inrjralantics  are  lately  Hue  to  the  tiature  of  the  appAratu^^;  Umr  move- 
ments of  rotation  take  place  around  four  different  axes«  and  these,  with  nti  ad- 
ditional sliding  motion,  must  be  simultaocous.  Moreover,  the  correcting  move- 
menu  arc  insufficient,  f  See  page  151. 
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Sirias,  is  +  20.2  kilometres.    Thus  on  March  3  Sinus  was  mov- 
ing towards  the  Sun  with  a  velocity  of —  1.2  kilometres. 

These  results  show  the  aid  that  may  be  derived  from  the  sider- 
ostat  for  thestudy  of  the  chemical  composition  and  motions  of  the 
bright  stars;  a  future  note  will  describe  a  new  arrangement  of 
the  great  telescope  of  1.20  metres  aperture  for  the  study  of 
fainter  stars  with  high  dispersion. 


NOTE  ON  RECENT  SOLAR  INVESTIGATIONS. 


GRORGB  E.  HALE. 


On  December  28,  1891,  photographs  made  at  this  Observatory 
showed  that  the  H  and  K  lines  are  reversed,  not  only  in  the  vi- 
cinity of  Sun-spots,  but  in  regions  irregularly  distributed  over 
the  entire  disc  of  the  Sun.  On  January  12,  18S2,  it  was  found 
possible  to  photograph  the  forms  of  some  of  these  reversed  re- 
gions, using  a  moving  slit  apparatus  just  completed  for  our  large 
diffraction  spectroscope  by  Brashear.  The  K  line  in  the  fourth 
order  spectrum  was  employed,  as  is  customary  in  the  case  of 
prominences.  The  reversed  regions  are  of  great  extent,  and  in 
appearance  closely  resemble  faculse.  Several  explanations  may 
be  suggested  to  account  for  them.    They  may  be : 

1.  Ordinary  prominences  projected  on  the  disc. 

2.  Prominences  in  which  H  and  K  are  bright,  while  the  hydro- 
gen lines  are  absent. 

3.  Faculae. 

4.  Phenomena  of  a  new  class,  similar  to  facula?,  but  showing 
only  H  and  K  bright,  and  not  obtained  in  eye  observations  or 
ordinary  photographs  because  of  the  brilliant  background  upon 
which  they  are  projected. 

The  investigation  will  be  continued  as  rapidly'  as  the  present 
unfavorable  atmospheric  conditions  will  permit. 
Kenwood  Astro-Physical  Observatory, 
Chicago,  January  18,  1892. 


ASTRO-PHYSICAL   NOTES. 


All  articles  and  correspondence  relating  to  sj)ectroscopy  and  other  subjects 
properly  included  in  .Astro- Physics  should  l)e  addressed  to  George  E.  Hale,  Ken- 
wood Astro- Physical  Observatory,  Chicago,  V .  S.  A.  Authors  of  papers  are  re- 
quested to  refer  to  page  176  for  information  in  regard  to  reprint  copies,  etc. 


In  addition  to  tbe  letters  from  well-known  astfonotners  and  spectroscoptsts 

which  were  printed  in  our  last  numlx^r,  others  expressing  interest  in  Astru-Phvs- 
ics,  and  promising  support,  have  been  received  from  Dr.  B,  Hasselberg,  Stock- 
holm, Professor  N.  C»  Dun^r,  Upsnla.  and  Dr.  Ralph  Cof»eland,  Astronomer  Koval 
for  Scotland.  The  latter  has  been  kind  enough  to  make  arrangements  such  that 
important  papers  communicated  by  the  stafT  of  the  Royal  Obscrvatorj'  to  the 
Edinburgh  Royal  Socidy,  will  be  found  at  an  early  date  in  these  columns.  Pro- 
fessor Hasselberg  will  soon  publish  a  paper  \n  A&tro-Phvsics  on  his  recent  in- 
vestigations, and  other  important  articles  may  be  expected  from  Herr  Victor 
Schumann  and  Herr  J.  Plassmann. 


Effect  of  Aberration  on  Measures  of  SoUr  Prommeoces.  On  pages  126  and  128 
translaiions  arc  given  of  the  pajiers  on  aberration  by  MM,  Fizeau  and  Mascart, 
which  were  referred  to  by  Dn  Crew  in  the  last  number  of  Astroxomy  a\i>  Astro- 
Physics.  Dr.  Crew  has  done  a  service  in  pointing  out  the  error  in  M,  Fizeau's 
paper,  for  though  the  question  cannot  be  considered  as  in  anj'  degree  difficult ,  it  is 
at  the  same  time  somewhat  misleadiiiii:,  as  such  an  error  on  the  part  of  so  distin- 
guished a  specialist  as  \L  Fizeau  sufficiently  testifies.  We  must  ourselves  confess 
to  having  been  deceived  on  this  point,  but  wickedly  find  a  crumb  of  comfort  in  the 
thought  that  the  editors  of  the  Observatory  and  t.thcr  well-known  publications 
were  equally  unfortunate. 


Photographa  of  the  Recent  Total  Eclipse  of  the  Mood.  In  the  Coniptes  rcndus 
for  November  23,  M*  G.  Rjiyct  gives  ^he  results  ol  observations  made  at  Bordeaux 
of  the  total  lunar  eclipse,  which  occurred  on  Nov.  15,  1891.  In  spile  of  unfavora- 
ble atmospheric  conditions  it  wns  found  possible  during  totality  to  photograph  a 
considerable  portion  of  the  Moon*8  disc  with  an  exposure  of  about  two  minutes. 
The  instrument  emplo^'cd  was  the  photographic  equatorial  of  33  centimeters 
aperture.  In  his  remarks  on  M.  Rayct's  comiuunicutioii,  M.  Jansiten  suggests 
thot  a  measure  of  the  photographic  value  of  the  light  from  the  totally  eclipsed 
Moon  might  l>e  obtained  by  finding  the  time  required  to  give,  on  a  portion  of  the 
plate  used  in  photographing  the  eclipse,  an  image  of  the  full  Moon  of  the  same  in* 
tensity.  The  ratio  of  the  times  of  exposure  would  give  the  inverse  ratio  of  the 
photographic  intensities*  As  the  light  reflected  from  the  Moon  during  eclipse 
must  pass  through  a  grciit  depth  of  the  earth's  atmosphere  M.  Janssen  hoped  to 
observe  the  faint  oxygen  absorption  hands  in  the  green  and  blue  regions  of  its 
sf^ectrtmi,  but  observations  at  Meudon  were  unfortunately  prevented  by  bad 
weather. 


Herr  Schumann's  Discoveries  in  the  Ultra-Violet  Hydrogen  Spectrum.  In  a  letter 
dated  Dec.  10,  1891,  Herr  Schumann  sends  us  a  most  interesting  account  of  his 
recent  important  discoveries  in  the  extreme  ultra-violet,  During  a  visit  to  his 
laboratory  in  I^ipzig  last  summer  we  were  greatly  struck  by  the  extreme  neat- 
ness and  attention  to  detail  there  apparent.  Under  a  microscope  the  photo- 
graphs of  gaseous  and  metallic  spectra  showed  a  sharpness  of  definition  which 
has  probably  never  liecn  equalled  in  work  of  a  similar  degree  of  difficulty.  For 
his  extensive  investigations  of  the  hydrogen  spectrum  Herr  Schumann  has  not 
less  than  one  hundred  tubes,  most  of  them  fitted  with  quartz  stoppers  for  end-on 
aiumination»  and  his  collection  of  quartz  and  fluorspar  prisms  and  lenses  is  rts 
markably  large. 
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In  no  region  of  the  spectrum  does  the  investigator  encounter  such  great 
difficulties  as  in  the  extreme  ultra-violet,  for  not  only  do  these  short  waves 
exercise  but  little  effect  upon  the  most  carefully  prepared  photographic  plates, 
but  in  addition  they  are  completely  absorbed  by  a  layer  of  air  of  only  a  few  feet 
in  thickness.  For  this  reason,  in  passing  be3'ond  X  1800,  Herr  Schumann  finds 
it  necessary  to  use  his  spectrograph  in  a  vacuum.  After  working  an  entire  year 
be  has  succeeded  in  preparing  photographic  plates  by  a  new  formula,  which 
possess  an  extraordinary  degree  of  sensitiveness.  The}-  also  have  the  peculiar 
property  of  becoming  more  sensitive  the  longer  they  are  kept,  without  being 
subject  to  any  of  the  defects  which  ordinary  bromide  of  silver  plates  acquire 
under  the  same  conditions. 

A  few  weeks  preceding  the  date  of  his  letter,  working  with  his  new  plates  on 
the  spectrum  of  hydrogen,  Herr  Schumann  succeeded  in  photographing  several 
centimetres  beyond  the  most  advanced  ultra-violet  boundary  line  then  known. 
In  the  most  refrangible  part  of  this  extremel}'  feeble  region,  but  one  plate  was 
sufficiently  sensitive  to  show  any  trace  of  action.  All  other  plates,  though  made 
by  the  same  formula,  were  not  acted  upon  in  the  least,  even  after  very  long  ex- 
posure. With  the  highly  improved  apparatus  then  used  the  attempt  was  made 
to  resolve  the  group  of  hydrogen  lines  beyond  X  1820  discovered  bj'  the  same  in- 
vestigator in  the  preceding  year.  The  results  greatly  surpassed  his  expectations, 
for  the  group  was  not  only  perfectly  resolved,  but  found  to  contain  many  more 
Knes  than  had  been  supposed  from  the  photographs  of  1890.  Beyond  X  1820 
fourteen  clearly  defined  groups  were  found,  all  of  them  containing  a  remarkably 
large  number  of  lines.  The  first  group,  which  is  only  11"""  long  on  the  plate, 
and  was  made  with  a  slit  0.004'"'"  wide,  contains  over  90  well  defined  lines. 
The  other  groups  are  hardly  so  rich  in  lines,  but  altogether  contain  about  600. 
It  is  thus  evident  that  the  radiation  of  incandescent  hydrogen  in  the  hitherto  un- 
known region  beyond  X  1820  is  surprisingly  great. 

It  is  unfortunate  that  the  nature  of  the  apparatus,  supplied  as  it  is  with  fluor 
spar  prisms  and  used  in  a  vacuum,  will  not  allow  the  w.'ivc  lengths  of  the  most 
refrangible  lines  reached  to  Ije  deterniined.  For  this  purpose  it  is  hoj^ed  that  a 
Rowland  concave  gratin>f.  wliich  is  very  brilliant  in  certain  s|K'ctra,  may  !)e  used. 
With  this  grating  the  aluminium  lines  at  /  lSr>(»  and  /  ISo'J  have  been  photo- 
graphed through  a  layer  of  air  two  metres  thick  in  45  minutes,  a  primary  current 
of  onlv  seven  amperes  l)cing  employed,  while  the  plates  were  ])repared  after  the 
new  formula.  It  has  l)een  found  impossible  with  any  other  plates  to  photograph 
these  lines  through  an  equal  thickness  of  air.  though  with  the  grating  this  maj'  \ye 
accomplished  with  ordinary  silver  bromide  plates.  The  remark  is  made,  in  pass- 
ing, that  the  line  at  /  1929,  assigned  by  Cornu  to  aluminium,  belongs  in  fact  to 
silicon,  as  has  been  found  by  extensive  investigation. 

A  further  peculiarity  is  recorded  in  the  fact  that  the  lines  /.  ISGO  and  x  1852 
show  a  different  relative  intensity,  according  as  the  grating  or  prisms,  whether 
quartz  or  fluor  spar,  are  used.  The  grating  gives  the  more  refrangible  line  of 
much  less  intensity  than  the  other,  while  with  prisms  the  lines  are  e(|ual  in  in- 
tensity. .\s  yet  a  lack  of  time  has  prevented  an  investigation  of  the  cause  of 
this  difterence.  It  may  be  due  to  atmtispheric  absorption,  but  it  is  also  possible 
that  the  speculum  metal  may  absorb  the  short  waves  more  strongly  than  the 
long.  The  general  absorption  of  the  si>ecuhim  metal  may  change  at  this  point 
into  a  selective  absorption,  such  that  the  more  refrangible  line  would  be  much 
weakened. 

In  the  construction  of  the  new  si)ectrograph  the  camera  will  l)e  so  arranged 


I 

that  it  can  be  set  at  any  denircd  anj^^le  to  the  opticol  axis  of  the  lens.  In  the 
present  instrument  the  camera  ia  fixed  at  a  constant  anj^le  of  2*5"^',  which  issnit* 
able  for  the  region  between  k  1860  and  A  1820,  For  waves  shorter  than  these, 
the  angle  must  lie  very  much  smaller  in  order  to  secure  the  best  definition. 


The  Chromosphere  Line  Angstrom  667G.9.  In  Nature  for  Dec,  31, 15491,  Proies- 
«or  Young  thus  replies  to  the  Rev.  Cortie's  letter  on  page  135. 

"In  response  to  Father  Cortie's  implied  que?ition  as  to  the  idenliHcation  of 
this  tine  as  belonging  to  the  spectrum  ol  iron,  I  would  refer  him  to  ApiKnclix  G 
of  Roscoe's  lectures  on  \*  Spectrum  Atialysis**  (third  edition).  It  is  an  extract 
from  a  joint  p^ipfi'  by  Angstrom  rmd  Thalcn,  giving  a  list  of  several  hundred 
(them  new  identifications;  among  them  apjiears  K  654-. 3,  ascribed  to  iron. 

"The  original  memoir  was  presented  to  the  Stockholm  Academy  of  Sciences 
in  February,  1805»  and  nn  English  translation  appeared  the  next  year.  I  am  un- 
able to  assign  any  reasun  why  many  of  the  identifications  given  in  this  memoir 
fail  to  appear  in  the  map  published  three  years  later;  but  they  do,  and  K  654.3 
is  among  the  missing/' 


Observations  of  Sun-spot  Spectra,  On  another  page  we  reprint  from  the  [our- 
nal  of  the  British  Astronomical  Association,  a  paper  by  the  Director  of  the  Solar 
Si3ectro8copic  Section,  the  Rev.  Walter  Sidgreaves.  Those  who  propose  to  take 
a p  spectroscopic  work  on  the  Sun  will  find  in  this  article  many  valuable  sugges- 
tions. Though  the  fact  that  the  possessors  of  even  very  small  tdcscojies  can  se- 
cure valuable  results  in  the  stud3'  of  the  Sun  has  been  fully  demonstrated  by  sct- 
eral  members  ol  the  British  Astronomical  Associatitm,  the  impression  still  seems 
to  be  very  generni  that  spectroscopic  work  tif  any  kind  cannot  be  done  without 
the  most  elaborate  and  costly  apparatus.  For  this  reason  many  amateur  obser- 
vers with  small  instruments  may  be  found  engnged  in  planetary,  lunar,  or  stel- 
lar observation,  while  very  few  ever  consider  the  really  important  contributions 
they  might  easily  make  to  Astro-F'lnsics,  without  expensive  additions  to  their 
cijuipmcnt.  At  the  present  time,  the  sf_>ectra  of  Sun-spots  offers  a  most  promis- 
ing field  for  investigations  with  small  instruments.  Of  the  two  or  three  en- 
gaged in  a  systematic  stud}'  of  the  lines  affected  in  spots,  the  Rev.  Sidgreaves  is 
the  most  active  observer,  but  the  observations  at  Stony  hurst  are  necessarily  con- 
fined to  a  small  portion  of  the  spectrum,  and  at  South  Kensington  the  invcstiga* 
tion  is  even  more  limited  in  extent.  Man^'  more  observers  are  needed  at  once  for 
this  work,  lor  some  rjf  the  most  important  questions  in  solar  physics  may  find 
their  answers  in  the  statistical  stud3^  of  data  thus  obtained,  A  telescope  of  4 
inches  aperture  or  even  less  is  large  enough  for  the  punw^se,  and,  if  possible,  some 
sort  of  driving  mechanism  should  Ik  used,  such  as  a  sand-clock,  air-bag  and 
weight,  water*clock^  or  similar  simple  contrivance.  As  the  Rev.  Sidgreaves 
points  out,  however,  observations  may  be  made  even  without  a  driving-clock. 
But  wc  imagine  that  to  mnny  the  most  serious  question  will  be  as  to  the  spectro- 
scope. No  difficulty  should  be  anticipated  on  this  point,  for  a  very  satisfactory 
instrument  can  easily  be  put  together  at  a  vcr>'  small  expense,  A  suitable  frame 
can  be  made  of  wood,  and  adapted  to  the  telescope.  On  it  two  little  telescopes 
of  |»erhflps  an  inch  aperture  should  be  fixed  at  an  angle  of  25°  or  less,  and  one  of 
them,  which  is  to  act  as  the  collimator,  must  have  at  its  eye-end  a  simple  adjust- 
able brass  slit,  on  w*hich  the  image  of  the  Sun  formed  by  the  large  telescope  ia 
brought  to  a  focus.  The  only  thing  necessary  to  complete  the  spectroscope  for 
observing  solar  prominences  or  spot  spectra  is  a  small  retlecttng  grating,  which 
niust  be  so  supported  that  it  can  be  rotated  around  an  axis  through  the  point  of 
ititersectton  of  the  optical  axes  of  the  collimator  and  observing  telescope,  and  at 
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right-angles  to  the  plane  in  which  they  lie.  Such  a  grating,  ruled  by  Rowland, 
and  therefore  of  the  best  quality,  can  be  obtained  for  about  fifteen  dollars.  It  is 
grcatlv  to  be  hoped  that  some  amateur  observers  will  take  up  the  study  of  spot- 
spectra,  and  they  may  be  certain  of  the  most  fruitful  results  as  the  reward  of 
careful  investigation. 


We  heartily  recommend  to  our  readers  Part  XII  of  Old  and  New  Astronomy, 
which  has  recently  been  brought  out  by  Mr.  A.  Cowper  Ranyard.  It  will  be  re- 
membered that  at  Mr.  Proctor's  death  Mr.  Ranyard  took  up  the  task  of  editing 
"Knowledge,"  and  also  that  of  completing  the  partly  finished  volume  of  Old  and 
Xew  Astronomy.  Certainly  all  astronomers  owe  a  debt  of  gratitude  to  Mr.  Ran- 
yard for  the  beautiful  reproductions  of  recent  photographs  of  celestial  objects 
whicfi  have  been  published  in  '*  Knowledge."  Some  of  these  appear  as  most  fit- 
ting illustrations  in  Old  and  New  Astronomy,  and  bring  out  very  clearly  the 
prominence-like  forms  in  the  Great  Orion  Nebula,  and  the  remarkable  dark  struc- 
tures in  the  Milky  way. 

We  refer  to  the  book  for  an  interesting  discussion  of  the  nature  of  the  Milky 
Way,  where  the  conclusion  is  reached  that  this  great  structure  is  much  nearer  to 
OS  than  has  been  supposed.  The  probability  is  also  pointed  out  that  there  is  ab- 
sorption of  light  in  space.  In  addition  to  many  other  interesting  pK>ints  which 
the  author's  papers  in  ''Knowledge"  have  made  familiar,  the  discussion  of 
proper  motions  is  given  considerable  space,  and  a  reason  is  offered  for  the  large 
average  proper  motions  of  the  smaller  stars. 

Old  and  New  Astronomy  will  soon  be  completed  by  the  publication  of  Part 
XIII,  which  will  also  contain  the  index. 


CURRENT  CELESTIAL  PHENOMENA. 


THE  PLANETS   DURING  MARCH. 

Mercury  will  be  at  superior  conjunction  with  the  Sun,  March  5  at  midnight. 
It  will,  therefore,  for  the  first  h.-ilf  of  the  month  be  invisible  behind  the  Sun. 
Toward  the  middle  of  the  month  it  will  be  far  enough  cast  from  the  Sun  for  day- 
light observations  with  large  telescoi)es,  and  at  the  end  of  the  month  will  be  visi- 
ble to  the  eye  after  sunset.  Greatest  eastern  elongation,  19°  03',  occurs  March 
3<3,  when  the  planet  will  set  two  hours  later  than  the  Sun.  Mercury  and  Jupiter 
will  be  in  conjunction,  only  14'  apart  in  declination,  March  12  at  2*^  53™  p.  m., 
central  time. 

Venus,  during  March,  will  be  in  excellent  position  for  observation.  She  is 
moving  rapidly  northward  so  that  her  meridian  passage  will  be  at  a  high  alti- 
tude, and  this,  occurring  at  a  little  before  three  o'clock  in  the  afternoon,  will  give 
opportunity  for  both  day  and  evening  observations  at  favorable  altitudes.  The 
diameter  of  the  disk  of  Venus  will  be  15"  March  1,  and  18"  March  31.  The  il- 
luminated portion  of  the  disk  will  l)e  0.760  of  the  whole  on  the  first  and  0.650 
on  the  last  day  of  the  month.  The  brilliancy  of  this  most  brilliant  of  the 
planets  will  increase  during  the  month  from  81  to  103  on  the  Hcale  given  in  the 
American  Ephemeris. 

Mars  is  a  morning  planet  yet,  rising  in  the  southeast  a  little  before  3  o'clock. 
His  declination  is  23°  south,  so  that  he  will  not  be  in  very  good  position  for  ob- 
servation during  March. 


Uh  I 


I  March  I 


h$ 


i$ 


Jupiter  will  be  in  conjtinctioii  w 
will  be  possible  during  this  montb. 

Saturn  will  Ix?  at  opposition  Marcb  16,  so  that  bis  position  during  this 
wiontb  is  the  most  favorable  for  observation.  This  planet  is  in  the  constenation 
Virgo  between  the  stars  ^  and  ?;,  being  considerably-  brighter  than  any  of  the 
stars  in  the  vicinity.  For  chart  of  path  among  the  stars  see  page  81  of  the  Jatiu* 
^r}'  number  of  thisjournab 

The  rings  of  Saturn  are  still  very 
nearly  edgewise  toward  the  earth.  At 
present  their  apparent  width  is  decreas- 
ing and  will  decrease  from  1,8R",  March 
1,  to  0  26"  May  25,  after  which  it  will 
increase  slowly.  Valuable  observations 
upon  the  relative  brightness  and  thick- 
ness of  the  two  a/7sa?  of  the  rings  may 
be    made    by    careful    observers    thiring 

these  months.  The  relative  thickness  of  the  artsw  and  of  the  shadow  of  the  rings 
on  the  face  of  the  planet  should  also  be  carefully  determined.  Sharp  lookout 
should  also  l>e  kept  for  the  shadows  of  the  satellites  and  any  markings  which 
may  l>c  detected  upon  the  face  of  the  planet  and  which  may  serve  to  determine 
the  rotation  period.  A  number  of  small  dark  spots  were  observed  last  year  by 
Mr,  A.  S.  Williams  in  England.  The  accurate  determination  of  the  times  when 
the  satellites  are  in  conjunction  with  the  ends  of  the  ring»  the  center  and  extrem- 
ities of  the  planet's  equatorial  diamelrr,  in  the  positions  indicated  by  the  accom- 
panying diagram*  an,  as,  bth  bs,  cru  cs,  dn^  dst  en  and  es,  will  be  of  great  value 
in  determining  the  corrections  to  the  elements  of  the  satellite  orbits.  The  pre- 
•dieted  times  of  these  conjunctions  are  given  in  Mr.  Marth's  ephemeris  p  166. 

Uranus  is  tn  the  eastern  part  of  Virgo  near  the  star  i.  with  which  it  will  be  in 
•conjunction  March  18  at  about  7  P.  sr.,  central  time.  Uranus  will  tiicn  l>c  only 
4ibout  1'  20"  north  of  the  star.  This  will  be  an  excellent  opportunity  for  the  pos* 
lessors  of  small  telescojies  to  identify  the  planet,  for  it  will  be  quite  near  the 
star  yl  Virginis  for  several  days.  For  chart  of  the  constellation  Virgo  and  path  of 
Uranus,  see  our  last  numljer,  page  81. 

Neptune  will  be  above  the  western  horizon  during  the  evening  hours  of 
March,  a  little  north  of  the  V-shaped  group  of  stars,  the  Hyades,  of  which  the 
first  magnitude  red  star  Aldebaran,  is  the  principal  star  For  chart  of  hisi>ath. 
see  Stohkeal  Messekger,  Nov.  1891,  p.  463. 
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Date  R.  A.  Heel. 

1892.  h       m  **       ' 

Mar.    5 11  55.2  + 

15 11  52.4  + 

25 11  49.5  + 

Mar.    5 14  14.6  —12  58 

15 14  13.6  —12  53 

25 14  12.3  —12  46 

Mar.    5 4  19.1  +19  50 

15 4  19.6  4-  19  52 

25 4  20.4  +  19  54 

Mar.    5 23  07.1  —    5 

15 23  44.0  —    1 

25 0  20.4  +    2 


39 
44 
13 


SATURN. 
Rises. 


41  P.  M. 

58     ** 
14     *• 


URANUS. 
10    05  P.  M. 

9  24     " 

8  43     '* 

NEPTUNE. 

9  56  A.  M. 

9  17     •* 
8  38     " 

THE   SUN. 
6    29  A.  M. 

6   11     " 
5  53     ** 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A 0»»52"32' 

Decl -1-81°  17' 

Period 2c/ll»»50«» 

Mar.    2     10  p.  M. 
7     10    »* 

12        9    •* 

17        9    •* 

22        9    •• 

27        8    •* 

ALGOL. 
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R  CAMS  MAJ. 

R.  A 7^  14"  30'' 

Decl —  16^  11' 

Period Id  03^  16" 

Mar.    3        6  p.  m. 
4     10    " 

11  6    " 

12  9/* 

13  midn. 

19  4  p.  M. 

20  8    ** 

21  11     *• 

28  7    •* 

29  10     * 


S  CANXRI. 

R.  A 8h  37"  39- 

Decl -i-  19°  26' 

Period Od  11»»  38" 

Mar.    6       6  a.  .m. 
15       6  p.  M. 

25  5  a.  .M. 

<5  LIBR.E. 

R.  A 14''  55"  06* 

Decl —     8"    05' 

Period 2d  07*' 51" 

Mar.  12        2  a.m. 
19        1     " 

26  1     " 

U  CORONVK. 

R.  A IS'' 13"  43' 

Decl -h  32°  03' 

Period 3J  lO^'Sl" 

Mar.    2        5  a.  m. 
9       3*' 
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29        8     " 
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3  " 

9 

11  P.M. 
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14 
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19 
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19 
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24 
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25 
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Mar.  29       6  a.  m. 
30        2     *' 


S  ANTLL^. 
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Decl 
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1  a.  m. 

2 
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3 
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4 
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5 

10  " 

6 
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7 

9  ** 

8 
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9 
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10 
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11 
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12 
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13 
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13 
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14 
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15 
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16 

10  ** 

17 

9  " 

18 

9  •* 

19 

8  '* 

20 

7  •* 

21 

6  '* 

22 

6  " 

23 

5  " 

24 

1  A.  M. 

25 

1  •' 

25 

midn. 

26 

11  P.M. 

27 

10  ** 

28 

10  " 

29 

9  " 

30 

8  *• 

31 

7  " 

^^^^^16^^                        Current  Celestial  Phenomena, 

^^^^H                             Mr.  Marth*s  Epbemcrides  of  the  Satellites  of  Saturn. 

^^^^H                                                               fProm  Monthly  Noticcn.  Nov,  1891.] 

^^^^P              In  this  table  the  times  have  Ijeen  chon^d  from  Greenwich  Mean  Time  to  Cen- 

^^^^        tral  Standard  Time,    The  abbreviations  Rb,,  Te.,  />/..  En,,  and   A/i..  stand  for 

^H              the  names  of  the  satellites  Rhea.  Tethys,  Dione,   Enccladus,  and   Mimas.    The 

^^m              letters  a,  6, c,  J,  and  e,  stand  for  conjunctions  of  the  satellites  in  order  as  follows: 

^^m               With  the  preceding  end  of  the  outer  ring;  with  preceding  end  of  planet's  equator- 

^^m              iai   diameter;  with  center  of  planet;  with   following  end  of  planet *s  diameter; 

^H               wnth  follov^^ing  end  of  ring.     The  letters  n  and  s  signify'  that  the  satellite  at  the 

^H               time  of  conjunction  is  north  or  south  of  the  point  designated  by  the  preceding 

^H              letter;  Sh,  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian  oi 

^^1               the  planet;  BcL  D.  and  Eel.  R,,  the  disappearance  and  rcap[>carancc  of  a  satellite 

^H               at  beginning  and  end  of  an  ecUpse. 
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3  A  pm  Uli  as 

7  Transit 

8.«         M\m 

^^f                                    Tee« 

S.7         Dl  bit 

8.8         MUtn 

20  12  2  aw  Envn 

^^1                  1ft  13  1  am  T«  dH 

4  7         Te  dii 

•.i         En  tin 

2  5         Mi«« 

^^^               }%B         Ml  AH 

4.d         I>l  aji 

lU.i         TItao  bM 

5.S         Ta  ea 

^^^^L                             Ell  oil 

e  7         T**  iU 

"35    2,'iam  Ml  ni^ 

2  3piO  DIM 

^^^H            1  ^      T« 

7.0         Ml  AD 

:!>         Tffaii  MM 

4  4         Dl  da 

^^^^B                          0            T9   hH 

7.»         T^  Sb 

1  ft  pill  TM  Ell    D 

4.0        En  an 

^^^H                            Te  A« 

n.d         Eti  at] 

2  (1         En  iia 

5.8          Dt  Kb 

^^^^H              a,«  ptn  Pi  «« 

V.O         Ti*  brt 

2.ft         Te  Sb               1 

7  2         MI^K 

^^^^1                             En  iM 

lid         Tunn 

4  J         Tp  Ij0 

7.7         Dl  Im 

^^^^B                             Di  dfi 

33  yj.l>  am  \n  «n 

5  2         Uf  tin 

V.9          Dl  ai 

^^^H                                         Ml  Ml 

.i,^         En  cti 

B.3         Rh  t« 

Mar 

^^^H                    m 

S.S  poi  Te  ai) 

«  I            Tf  IM 

1    12ainMlM 

^^^^H 

6  0        Ti-  Erl     D 

7.4         DJ  ttti 

27        Knao 

^^^^B                               bs 

n.7         Mi  an 

7.4         Ml«n 

4.5         Ta  aa 

^^^H                           Te  Eel. 

0.0         Dl  an 

7J»        Rb  dl 

5.7         Rii  «M 
12.Spni  Ta  Eel.  D 

^^^^^^^ 

Phases  and  Aspects  of  the  Moon. 

^^^^^^^H                                                                                                                    Central  Time                              V 

^^^^^H                                                                                                                         b    m                                     ■ 

^^^^^^B            First  Quarter , Mar.     5        1  14  P.  M.                       B 

^^^^^B             Pull  Moon '^     13        6  55  a.  m.                        ■ 

^^^^^H             Apogee... ..            '*     15        3  42   p.  u.                        ■ 

^^^^^H            Last  Quarter *'     21      11  16  a.  u,                       | 

^^^^^^^^^H            New  Moon*. 

**     28 

7  18       '*                             B 

^^^^^H 

*'     28 

4  00   P.  II.                       J 

Current  Celestial  Phenomena. 
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Occultations  Visible  at  Washington. 


Date 
1892. 


Star's 
Name. 


MaKni- 
tude. 


IMMERSION.        BMBRSION. 
Wash.     Angle  Tm    Wash.    Angle  Vm     Dura- 


Mean.  T.    N.  P't. 
h 


March.     4...  u*  Tauri  5 

4...  r'  Taiiri  6 

8...  A   Cancri  6 

14...  X  Virginis  6 

15...  m  Virginis  5 

15...  B.A.C.  4591  6 

22...  00  Sagittarii  5 


11  48 

12  15 
12  28 
11  06 

9  52 
14  34 
17  03 


93 

59 

100 

161 

117 

99 

38 


Mean  T. 

h  m 

12  41 

13  02 
13  33 
12  16 
11  04 
15  50 
17  58 


N.  P't. 

o 

251 
288 
304 
277 
315 
335 
312 


tion 
h 


0 
0 

1 
1 
1 
1 


53 

47 
05 
10 
08 
16 


0    55 


list  of  Binary  Stars  and  Test  Objects  for  Small  Telescopes  for  February  and 

March. 


Xo. 


Name. 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2S 

29 

30 


02  165,  45  Geminorum 7 

2:  1037 

1  170 

2  1066,  <J  Geminonim 

2  1110,  Castor  AB 

AC 

02  182 

02  186 7 

2  1186. 11  Cancri 8 

2  1196,  ;  Cancri  AB 

AB-C 

02193 

2  1273 

2  1291.  <P  Cancri 

02  196.  I  Urs.  Maj 8 

2  1306 9 

2  1334 

2  1356.  CO  Leonts 

2  1377,   161  Scxtantis 

02  210 9 

02  215 10 

02  523,  39  Leonis 

2  1424 

2  1457 

02  224 

02  228 

2  1504 10 

2  1523 1 1 

2  1536,  I  Leonis 

02  236 

02  237 ^ II 

02  249  AB 12 

AB-C 


R.  A. 

1890. 
m 
02.1 
06.0 
12. 1 
13.6 
27.6 

47-2 
56.6 
02.1 
06.0 

22. 

41. 1 

47.7 
51.8 
00.5 
12.0 
22.6 
37.8 
55-7 
10.3 

11. 2 
14.0 

34.0 
41.3 
59.8 

12.3 

18.3 

30 

33'^ 

18.7 


Decl. 
1890. 


Position     Dis- 
Angle.      tance. 


Mag- 
nitude. 


+  16 
+  27 
+  9 
+  22 

+  32 

+  3 
+  26 

+  27 

+  17 

+  33 
+  6 
+  30 
+  48 
+  67 
+  37 
+  9 
+  3 
+  46 
+  >8 
+  23 

-I-    20 

+  6 
+    9 

+  23 

+  4 
+  32 
4-  II 

-I-  66 

+  41 
+  54 


07 
25 
30 
II 
08 

40 
36 
48 
58 

55 
49 
59 
28 

35 
16 

32 
08 

54 
17 
39 
23 
18 

25 
09 

14 
10 
09 
57 
45 
46 


50 
305 
no 
205 
230 
165 
30 
75 
215 

30 
120 
295 
225 
330 

5 
240 

235 
100 

>35 
270 
215 
300 

115 
320 

3'5 
200 

285 

200 

60 

215 

275 
300 
150 


3-5 
«-3 
1.5 
7.0 

5-7 

73- 
I.I 
0.7 
3-2 
1.2 
5.0 

14.0 
3-2 
1.4 
9-5 
3.0 
2.9 
0.7 

3-3 
0.8 
0.7 
6.7 
3.6 
1.2 
0.5 
0.4 
I.I 
1-7 
2.5 
2.7 
i.o 
0.5 
13.0 


II 

7 
7 
8 

3.5 
II 

7.5 

8 
10 

5-7 

5-5 
II 

8 

6.5 
10 

8 

7 

7 

II 

8 

7 
II 

4 
8 

9 
8 

7 

5 

7 

II 

9 
8 


In  response  to  frequent  requests  of  some  of  our  subscribers  we  give  this  list  of 
doable  stars  which  cross  the  meridian  during  the  evening  hours  of  February  and 
March.  Most  of  the  stars  in  the  list  are  binaries,  which  need  to  be  measured 
frequently,  and  many  of  them  will  afford  good  tests  for  the  quality  of  telescopes 
of  4  inches  or  more  aperture. 

Xos.  2,  3,  6,  12,  22,  25, are  good  tests  of  the  separating  power  of  a  4  or  5-inch 
objective.  Nos.  7,  16, 18, 19,  will  serve  the  same  purpose  for  a  6  or  7-inch  glass, 
and  Nos.  23,  24,  and  30  for  larger  glasses.  As  tests  of  definition  Nos.  4,  11,  14, 
15  and  21  are  good  objects.  The  fainter  components  of  10,  13,  17,  20.  28  and  30 
may  be  used  to  test  the  light-gathering  or  space-penetrating  power  of  a  telescope. 


OccitltatioDs  of  Stars  bj  the  Planets. 
In  Astro rtontische  Xnchrichten  No.  3'>73,  Dr.  Hcrt^erich  gives  a  list  of  near  ap- 
proaches and  possible  occultations  of  stars  by  the  piatiets  during  the  year  1892. 
As  tt  is  important  that  these  sh*niJd  I^e  observed  as  jfenerally  as  possible  we  will 
give  the  list  for  each  month.  Most  of  the  stars  are  so  faint  as  to  be  l^eyond  the 
reach  of  small  telescopes  when  in  the  vicinity  of  the  planet,  yet  many  may  be  ob- 
served possibly  with  telescoijea  of  as  low  as  4  inches  aperture.  In  these  observa- 
tions one  should  note  the  exact  time,  standard  or  locals  corrected  for  error  of 
time-piece,  of  the  disappearance  and  reappearance  of  the  star»  as  well  as  any 
change  tn  appearance  of  the  star  as  it  passes  f>ehirid  the  planet. 

STARS   SEAK   VESVS. 


Cmtrnl  Time 

DifT.  of 

MnscJmum 

Miignittidc 

Date 

of  Coi»junctk>n. 

Dnl. 

Diirnlion. 

ol  Star. 

h 

111 

** 

m 

Feb,     6 

3 

5<;  p.  XI. 

-  5H 

4.4 

7.8 

H 

12 

4S  A.  M. 

-  m 

4.5 

9,3 

10 

3 

14  A.  M, 

H-27 

4.5 

9.3 

18 

12 

58  A,  M. 

-  20 

4,7 

9.0 

20 

10 

47  A.  M. 

+  7a 

4,8 

89 

22 

12 

04  A.  M. 

--  56 

4.8 

7,3 

2H 

5 

<m  V.  M. 

4^49 

5.0 

9.4 

Mar.    7 

4 

14   A,M. 

-  39 

53 

9.0 

12 

11 

51   p.  M, 

-  79 

5.6 

9.0 

12 

11 

59  l>.  M. 

+  87 

5.6 

9.0 

21 

n 

18  A.  11. 

+  57 

6.0 

8.9 

23 

5 

26  A.  M. 

-  22 

6,1 

6.0 

2^ 

12 

19  P.  M. 

+    S 

6.5 

8.3 

Two  Minor  Planets  Discovered  by  Photography.  Two  planets  were  discovered 
photographicaDy  at  Heidelberg  Decemlier  22.  Tbey  were  observed  at  Vienna, 
Dec.  31  in  the  following  positions: 

Dec.  31.3550  Gr.  m.  t.;        R.  A.  C*  37"'  0L2': 

Dec.  31.4806    **         *'  **       6    48     48,2*; 

Daily  motion  of  the  first  —1"'  24*  and  +  19' 

Daily  motion  of  the  second —I     00' and  +    2' 
The  latter  of  these  w*aB  found  to  be  Sapientia  (275). 


Decl.  +2^^  50'  22" 
"      +18    .^8    2ft 


New  Minor  Planet  No,  1324).  A  planet  of  the  11th  ma/jnitude  was  discovered 
at  Heidelberg  photngraphically  January  20.2491  in  R.  A.  3*»  50"*  06.1»; 
Decl.  +  22°  17'  34".    Daily  motion  12*  eastward  and  2'  northward. 


Brilliant  Meteor.  Mr.  E.  M.  Wilson  observed  a  brilliant  meteor  Dec.  19.  1891, 
at  8:18  J*.  M.  central  time,  one  mile  east  of  Onslow.  Jones  county,  Iowa.  It 
aro«e  in  the  northeast,  from  behind  a  bank  of  clouds,  near  (^  or  p  (?)  of  Ursa  Ma- 
jor, crossed  a  little  east  of  the  zenith,  between  Caf>ella  and  the  Pleiades,  toward 
the  southwest,  and  vanished  at  an  attitude  of  about  45%  not  far  from  Jupiter. 
Its  motion  was  slow  at  first  sight,  faster  as  it  passed  the  zenith,  and  its  brigbt* 
ness  exceeded  that  of  Jupiter.  Ita  train  remaned  in  view  a  second  or  two.  No 
explosions  observed,  or  heard* 


AlnxAnaque  Nautico  Ptri  el  Ano  iSgi  is  received.    It  is  a  large  voltiitie  of  591 

pages,     It  IS  in  the  usual  form  and  contains  about  the  usual  matter  of  govern- 
ment publications  of  the  kind.     It  is  the  first  we  have  seen  from  Spain. 
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COMET  NOTES. 


The  Tcmpel-Swift  periodic  comet  is  now  too  faint  for  all  but  the  largest  tele- 
scopes. Mr.  Barnard  writes  that  he  is  still  observing  it.  At  Goodsell  Observa- 
tory we  looked  for  it  last  on  the  night  of  Jan.  13,  but  the  temperature  was  13° 
below  zero  and  seeing  poor,  so  that  the  comet  was  not  seen.  On  the  same  night 
Wolfs  comet  was  an  easy  object  with  the  16-inch  and  barely  visible  in  the  5-inch 
finder.  With  the  large  telescope  Wolfs  comet  had  a  sharp  stellar  nucleus  of 
about  the  12  magnitude,  dense  coma  of  about  2'  diameter,  and  short,  faint 
brush  of  tail  directed  almost  due  north.  During  March  this  comet  will  pass 
through  the  familiar  constellation  Orion.  March  1  it  will  t)e  about  4°  north  and 
a  little  west  of  Rigel,  near  the  star  fi  Eridani.  From  the  23rd  to  the  26th  it  will 
be  passing  through  the  belt  of  Orion  between  the  stars  e  and  ^.  There  is  a  neb- 
ula near  C.  the  lower  of  the  three  bright  stars  in  the  belt,  which  must  not  be  mis- 
taken for  the  comet. 

No  ephemeris  has  yet  reached  us  for  Tempel's  comet  which  is  due  at  perihelion 
in  the  latter  part  of  February.  Neither  Winnccke's  comet  nor  Brooks'  comet 
11886  lY)  have  yet  been  picked  up.  We  continue  below  the  search  ephemeris  for 
the  latter  from  Astr.  Xach.  Xo.  3064. 


1892. 
Mar. 


.Mar. 


Search  Ephemeris  for  Comet  Brooks,  i886  IV. 

[See  also  p.  86]. 
Perihelion  March  31. 


Perihelion  April  30. 


Light 


Light 


h 

m 

o 

' 

h 

m 

o 

' 

1 

16 

52.9 

-  14 

34 

0.32 

15 

02.1 

-f    2 

35 

0.48 

11 

17 

28.1 

-  17 

14 

0.38 

15 

24.8 

-f    0 

32 

0.66 

21 

18 

03.8 

-  19 

44 

0.43 

15 

47.3 

-     2 

01 

0.93 

31 

18 

39.3 

-  22 

04 

0.48 

16 

09.4 

-     5 

15 

1.37 

Perihel 

ion  May  30. 

Perihelion  June 

29. 

a 

f5 

Light 

a 

r^ 

Light 

h 

m 

o 

' 

h 

m 

° 

' 

1 

12 

45.3 

+  24. 

48 

0.39 

10 

36.8 

-f  39 

24 

0.20 

11 

12 

43.8 

+  35 

29 

0.53 

10 

24  9 

4-39 

00 

0.22 

21 

12 

38.7 

+  25 

58 

0.71 

10 

14.3 

+  37 

52 

0.25 

31 

12 

31.8 

+  25 

45 

0.90 

10 

06.6 

-f  36 

02 

0.28 

Next  Apparition  of  Wolf's  Comet.  In  the  last  numlnrr  (253)  of  the  Astronom- 
ical Journal  Dr.  Berberich  gives  the  elements  of  WoIPh  comet  from  the  observa- 
tions of  its  second  apparition  (the  present)  as  follows: 

Epoch  1891  Sept.  8  0  Berlin  M.  T. 
Ms=      0^    39'    12.4" 
63=1:172      48      28.0) 
W  =206      21      27.5}  1890.0 
I—    25      14     37.6) 
0=    33      51      25.7 
M  —  520.2536" 
log.  a  =0.5558610 

These  elements  represent  the  observ.itions  ol  1884  verj'  satisfactorily.  The 
next  ret  am  will  be  in  1898,  perihelion  taking  place  June  30.  The  comet  will  then 
be  observable  during  many  months.  The  later  returns  will  be  unfavorable  for 
observations.  In  1922-23  the  comet  will  approach  so  near  to  Jupiter  as  to  have 
rts  orWt  greatly  changed  and  perhaps  be  lost  to  sight  forever. 
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Sphemeris  of  Winnecke's  Periodic  Comet. 

(Continued  from  page  86.) 

App  R 

h       m 

:.  A. 

s 

App 

».  Decl. 

logr 

log  J 

1 

March,     i 

12     52 

36 

+  23 

47.8 

2 

52 

24 

24 

09.6 

0.2689 

9.9749 

0.325 

3 

52 

10 

24 

31.8 

4 

51 

53 

24 

54.4 

5 

51 

34 

25 

17.2 

6 

51 

12 

25 

40.4 

0.2596 

9.9521 

0.377 

7 

50 

48 

26 

039 

8 

50 

21 

26 

27-7 

9 

49 

52 

26 

517 

10 

49 

20 

27 

16.0 

0.2501 

9.9298 

0.437 

11 

48 

45 

27 

40.5 

12 

48 

08 

28 

05.3 

u 

47 

28 

28 

30.2 

14 

46 

45 

28 

55-4 

0.2403 

9.9080 

0.505 

15 

45 

60 

29 

20.7 

i6 

45 

II 

29 

46.2 

17 

44 

20 

30 

11.7 

i8 

43 

26 

30 

27.4 

0,2302 

9.8871 

0.583 

19 

42 

29 

31 

03.1 

20 

41 

30 

31 

28.8 

21 

40 

27 

31 

54.6 

22 

39 

22 

32 

20.3 

0.2198 

9.8670 

0.607 

23 

38 

14 

32 

46.0 

24 

37 

03 

33 

II. 7 

25 

35 

49 

33 

37.2 

26 

34 

33 

34 

02.5 

0.2092 

9.8480 

0.769 

27 

33 

14 

34 

27-7 

28 

3« 

H 

34 

52.7 

29 

30 

28 

35 

17.4 

30 

29 

01 

35 

41.9 

0.1982 

9.8300 

0.878 

31 

27 

32 

36 

06.0 

Apr.    I 

26 

00 

36 

29.9 

2 

24 

27 

36 

53-3 

3 

22 

51 

37 

16.4 

0.1870 

9.8130 

1. 000 

4 

21 

13 

37 

39'^ 

5 

'9 

33 

38 

01.2 

6 

17 

52 

38 

23.0 

7 

16 

09 

38 

44.2 

0.1754 

9.7970 

1. 135 

8 

14 

24 

39 

05.0 

9 

12 

38 

39 

25.2 

10 

10 

5» 

39 

44.8 

II 

09 

02 

40 

03.9 

0.1636 

9.7819 

1.285 

12 

07 

>3 

40 

22.3 

13 

05 

22 

40 

40.2 

14 

03 

3« 

40 

57.4 

'5 

12    01 

40. 

4-41 

14.0 

0.1514 

9.7675 

«.453 

Sphemeris  of  Comet  1891  (Wolf's 

Periodic  Comet.) 

( From  Astr.  Nachr.  No. 

3071) 

Berlin  Midnight.      App.  R.  A. 
h      m        8 

App.  Decl. 

logr 

log  J 

Feb.  15 

4    42 

49 

— 

7    21.0 

16 

43 

53 

7     >o.9 

0.3510 

0.2705 

17 

44 

58 

7    00.9 

18 

46 

04 

6     50.8 

0.3533 

0.2777 

19 

47 

II 

6    40.9 

20 

48 

18 

6    31.0 

0.3556 

0.2848 

21 

49 

27 

6      21. 1 

22 

4     50 

36 

6     11.3 

0.3579 

0.2919 
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Berlin  Midnight. 

App.  R 

.A. 

App.  Decl. 

logr 

log  J 

b  m 

s 

0    / 

Feb.  23 

4  51 

45 

—  6  01.6 

24 

52 

56 

5  51-9 

0.3602 

0.2989 

25 

54 

07 

5  42.3 

26 

55 

19 

5  32.7 

0.3625 

0.3058 

27 

56 

32 

5  23.2 

28 

57 

45 

5  13.8 

0.3648 

0.3127 

29 

4  58 

59 

5  04.5 

March,  i 

5  00 

'3 

4  55.2 

0.3670 

0.3194 

2 

01 

29 

4  46.0 

3 

02 

45 

4  36.9 

0.3693 

0.3261 

4 

G4 

01 

4  27.8 

5 

05 

18 

4  18.9 

0.3715 

0.3328 

6 

06 

36 

4   lO.O 

7 

07 

54 

4  01.2 

0.3737 

0.3393 

8 

09 

'3 

3  52.6 

9 

10 

32 

3  440 

0.3760 

0.3458 

10 

II 

52 

3  35-4 

•  II 

13 

12 

3  27.0 

0.3782 

0.3521 

12 

14 

33 

3  18.7 

'3 

15 

54 

3  IO-5 

0.3804 

0.3584 

14 

17 

16 

3  02.3 

15 

18 

3« 

2  54.3 

0.3826 

0.3647 

16 

20 

00 

2  46.4 

«7 

21 

23 

2  38.5 

0.3848 

0.3708 

18 

22 

47 

2  308 

. 

19 

24 

II 

2  23.2 

0.3869 
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Comets  and  Meteors.  You  recently  inserted  an  extract  from  a  letter  of  mine  to 
the  effect  that,  jud|?ing  from  their  orbits,  meteors  appeared  to  belong  to  the  solar 
svstem  instead  of  lacing  visitors  from  external  space.  May  I  now  add  that  the 
comets  with  which  meteor-showers  have  hitherto  been  connected  are  all  elliptic 
or  periodical  comets.  It  would  thus  seem  that  a  parabolic  or  hyperbolic  comet 
which  passes  but  once  through  the  Solar  System,  fails  to  pick  up  any  meteor 
train  worth  mentioning,  while  on  the  other  hand,  periodic  comets  which  have 
circled  round  the  Sun  for  ages  appear  to  possess  these  appendages  whenever  they 
approach  sufficiently  near  us  to  afford  a  test.  That  comets  generally  are  visitors 
from  outer  space  is  confirmed  by  some  investigations  which  I  lately  made  as  to 
their  apbelia  and  which  I  hope  to  publish  shortly.  But  meteor-comets  have  at  all 
events  been  domiciled  with  us  for  a  considerable  time. 

W.  H.  S.  MONCK. 

A  CUrk  Three-inch  Telescope  in  the  possession  of  one  of  our  subscribers  can 
be  purchased  at  a  reasonable  price.  It  is  said  to  l)e  in  first-rate  condition;  eye- 
pieces are  32,  80,  135  and  220  diameters  respectively ;  ordinary  and  solar  diago- 
nals, plain  equatorial  mounting,  without  circles  or  tripod.  The  head  has  l)een 
used  on  a  fixed  wooden  stand.  A  larger  instrument  has  been  procured,  and  hence 
this  one  is  ofTered  for  sale. 
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It  is  grntifving  to  aiiiiniincc  ihiit  our  subscription  list  has  not  fallen  off  scri* 
ously  stince  tht  arWancc  in  price,  as  we  feared  it  niighL  do,  but,  on  ttie  contrary,  it 
lias  |?a  in  eel  a  little  during  the  last  month,  so  that,  at  present,  the  number  of  ac- 
tual subscriljers  is  a  little  larger  tJian  it  has  been  at  any  previous  time  during  the 
ten  years  of  history  distinctively  belonging  to  The  Messbnger. 


As  usual  there  is  a  considerable  number  of  subscrtt^er?  who  are  yet  delinfjuent 
for  a  portion  of  189K  It  is  resf>ectfnlly  and  tir^jently  asked  that  every  such  one 
promptly  notily  the  publisher  that  conlinunrtcc  or  discurttinunnce  is  desired,  so 
that  the  pid>li«  ation  unilcr  the  new  form  may  be  sent  only  to  those  dcsirinic  it.  If 
any  names  arc  drop|ied  Irom  our  hooks  it  will  l>e  because  suhscriptions  have  not 
been  renewed,  or  continuance  of  the  same  ordered. 


If  it  were  our  custom  to  print  the  good  things  that  our  many  readers  say  of 
us  in  our  new  dress  aj»d  form,  wc  could  easily  fill  considerable  space;  but  it  seems 
l>est  to  adhere  tt»  itur  old  plan  in  this  particular;  so  we  most  heartily  and  cor- 
dially thiuik  our  rnnuy  friends  for  their  well  wishes,  congratulations,  and  sub- 
stantial help,  that  so  many  have  already  rendered  us  in  promptly  renewing 
subscriptions,  and  ofTertng  unexpected  slid  in  other  ways. 


tight  Curve  of  the  Eclipse  of  Japetus,    By  referring  to  the  figure  on  page  120 

c»fMr.  Uarnard*s  article  it  will  readily  be  understood  that  the  vertical  column  of 
figures  metins  the  sidereal  times  of  individual  estimations,  while  tlic  horizontal 
colutnn  above  gives  the  tlilference  ol  light  between  EficefmJas  and  Tethys  in  steps 
of  one-tenth  each  during  theeclipse»  Fkginning  with  the  emergence  from  shadow 
of  ball  of  Saturn  the  curve  indicates  the  variation  of  light  till  the  satellite  passes 
into  the  shadow  of  the  crape  ring,  and  then  it  falls  off  rapidly  until  entering  the 
shadow  of  the  bright  ring  which  was  fully  as  dense  as  the  shadow  of  the  ball 
itself. 

DeLcate  Refractaineter.  Mr.  J.  A*  Brashear  of  Allegheny,  Pa.,  has,  very  re- 
cently, completed  the  optical  surfaces  for  a  new  refract omcter  for  Professor  A.  A. 
Michelson,  who  is  to  determine  the  value  of  the  standard  meter  of  the  Inter- 
national Bureau  at  Brentueib  in  France.  These  surfaces  show  work  of  the  most 
delicately  accurate  kind.  The  itntiting  error  is  said  to  be  less  than  one-millionth 
of  an  inch.  Still  Mr,  Brashear  is  conscious  of  vciy.  very  small  existing  errtirs, 
which  it  seems  next  to  impossible  to  remove. 


Neue  Annalen  der  K.  Sternwarte  in  Bogenhausen  bei  Munchen,  This  publica* 
tkm  was  prepared  under  the  direction  of  flugo  Seeligcr,  Director  of  the  Royal  Ob- 
servatory, and  contains  the  results  oi  seven  different  kmds  of  work.  The  first  is 
a  catalogue  of  132D0  stars  whose  mean  places  are  for  the  epoch  of  1880  and  were 
observed  and  reduced  by  Dr.  Julius  Bauschiuger. 

2.  Netie  Beobachtnng  und  Ausmessung  des  StemHuufens  38h  Persei,  voq  Dr. 
K.  Oertel;   mit  2  Taflen, 

3.  Die  Vertheihing  der  in  beidcn  Durchmusterung  enthaltenen  Steme  am 
Himmel  von  dem  Unterzcichntcn. 

4- .  IJeber  die  Biegung  von  Meridianfcrnrohren  von  Dr.  J.  Bauschinger,  mit  1 
Taflen. 

These  and  other  papers  are  of  special  valtie  to  the  astronomer. 
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Since  our  last  issue  the  sad  news  comes  across  the  water  of  the  death  of  two 
of  England's  great  men ;  Sir  George  B.  Airy,  formerly  Astronomer  Royal,  and 
Professor  J.  C.  Adams  of  Cambridge  Observatory ;  the  former  occurring  Jan.  2  and 
the  latter  Jan.  22.  In  another  issue  of  this  publication  will  be  given  brief  ac- 
counts of  the  lives  of  these  scholarly  men. 


A  Semarkable  Aurora.  The  Auroral  display  upon  the  evening  of  Tuesday, 
Jan.  5,  as  viewed  from  a  suburb  of  Boston,  was  one  of  exceeding  beauty,  and  oflen 
of  marked  brilliancy.  At  7:30  p.  m.,  an  arched  bank  of  auroral  light  extended 
from  N.E.  to  N.W.,  rising  at  the  north  point  20*^  above  the  horizon.  At  this  time 
there  was  no  other  display  except  in  the  n.  n.e.  at  an  altitude  of  30°;  here  an 
solated  bright  area,  about  15**  vertically  by  10°  horizontally,  was  fairly  per- 
manent; and  at  times,  faintly  connected  with  the  underlying  bank.  The  sky  was 
not  observed  again  until  about  10  p.  m.,  at  which  time  the  aurora  had  assumed 
magnificent  proportions.  At  times  the  sky  was  almost  completely  covered  from 
E.  s.E.  through  N.  to  w.  s.w.,  and  when  most  extended,  reached  south  of  the 
zenith  even  to  the  "belt'*  of  Orion.  A  variety  of  tints  was  very  noticeable  both 
upon  the  same  areas  in  succession,  and  upon  different  areas  simultaneously.  The 
colors  noted  were  yellow,  pale  green,  olive  green  and  bluish.  At  times  while  one 
color  extended  over  an  area  of  distinct  boundary,  another  color  would  completely 
pervade  the  adjoining  regions.  There  were  comparatively  few  streamers,  the  dis- 
play being  mostly  in  extended  sheets  and  broken  waves.  There  was  relatively 
little  smooth  upward  flow  of  the  waves,  but  a  marked  pulsation,  the  waves  rising 
and  falling  as  they  advanced  toward  the  zenith.  In  one  instance  a  wave  seemed 
to  ''see-saw"  as  it  ascended;  the  right  and  left  sides  advancing  alternately  while 
the  general  form  remained  that  of  a  parallelogram  hinged  at  each  vertex.  One 
figure  which  appeared  in  the  zenith  was  of  a  character  to  produce  consternation 
among  a  superstitious  people.  At  a  time  when  the  sky  near  the  zenith  was  essen- 
tially clear,  the  blue  presenting  a  beautiful  contrast  with  the  auroral  light  to  the 
north,  east,  and  west;  there  suddenly  api)cared  in  the  midst  of  this  clear  area  a 
form  suggesting  at  once  an  immense  ciigle  with  spread  pinions,  flying  directly 
southward.  The  wings  were  ]x?rhaps  15'^  long,  yellow,  and  exceedingly  brilliant.* 
This  form  remained  approximately  jiermanent  for  at  least  three  minutes,  and 
soon  after  its  api)earance,  the  general  display  was  extended  much  farther  south- 
ward. 

There  was  some  haze  upon  the  sk^-  during  most  of  the  evening,  and  there 
were  a  few  light,  high-running  clouds.  j.  b.  c. 

Measures  of  the  Faint  Double  Star  (H  2948)  between  /^>  and  /i^  Capricomi.  The 
faint  pair,  H  294-8,  which  lies  a  little  north  of  the  line  joining /^^  and  fP  Capri- 
comi, has  been  often  referred  to  in  popular  articles  as  a  light-test  for  moderate 
apertures.  For  this  reason,  and  the  further  reason  that  it  had  never  been  meas- 
ured, I  took  occasion  to  measure  it  on  two  nights,  after  having  measured  the 
close  pair,  fi^  Capricomi,  discovered  b\'  Barnard  in  1H83. 

As  a  double  star,  H  2948  must  l)e  regarded  a  failure.  The  distance  between 
the  stars  is  much  too  great  to  make  any  physical  connection  Ijctween  stars  of 
this  magnitude  in  the  least  probable.  It  first  appears  in  Herschel's  Fifth  Cata- 
logue (1830-31)  with  a  single  measure  of  the  angle,  and  the  following  note: 

*•  A  very  minute  star,  forming  an  obtuse-angled  triangle  with  ^*  and  ^5*  Cap- 
ricomi.   Pos.  from  ^^  =:  63°.4;  from  fi^  :=  29r>.°0.    It  is  one  of  the  most  minute 

*  Being  as  bright  as  any  area  observed  that  evening,  and  far  surpassing  in  brilliancy 
most  of  the  waves  and  streamers. 


and  cU-licAte  double  stars  I  have  seen;  and  being  so  easily  found,  is  an  excellent 
test  object.'* 

There  is  an  earlier  estimate  of  the  angle,  distance  and  magnitudes  in  Her- 
schcrs  Seventh  Catalogiw  (observations  made  1823  to  1828).  Concerning  this 
pair  he  sa^vs  in  ibc  remarks  in  the  Filth  Catalogue: 

'*  I  have  sometimes  been  asked  for  test-objects  to  try  at  once  the  light  and  dis- 
tinctness of  a  tek\seo|7c  under  high  powers.  In  stich  cases  it  is  desirable  to  se- 
lect nl»jects  which  can  be  certainly  found  witbuut  the  possibility  of  mistake;  and 
in  this  view  I  would  point  out  the  small  double  star  accompanying  ^3f'  and  jj^  Cap- 
ricomi,  (H  294-8),  or  the  small  double  companion  of  ^3  Equulei  (H  2023)  as  very 
well  adapted  for  the  purpose.  A  telescope  which  will  show  the  former  of  these 
objects  distinctly  double,  I  have  no  hesitation  in  saying,  must  he  competent  to 
the  most  difficult  work  which  any  ordinary  obser^'cr  is  likel\^  to  task  it  with.  No 
telescope.  I  ought  to  add^  can  be  expected  to  show  the  satellites  of  Uranus  (at 
leant  in  the  present  low  situation  of  the  planet  in  the  ecliptic)  which  wmII  not 
stand  this  test,'' 

This  little  pair  is  by  no  means  as  difficult  as  one  w'ould  Ix-  led  to  expect  from 
the  foregoing  remarks,  and  from  the  magnitudes  (17  and  18)  which  Herschel 
gave  to  the  components.  I  found  it  very  plain  with  the  9.4-inch  Clark  refractor 
at  Hanover  in  1874,  and  as  one  star  it  was  always  easy  enough  with  niy  Ginch, 
but  that  aperture  |:)erhaps  could  not  l>e  said  to  show  it  fairly  double.  But  at 
most  it  is  only  a  light-test.  To  form  a  test  for  the  definition  of  an  objective,  the 
distance  would  of  course  have  to  he  reduced  to  at  least  one-fifth  of  that  between 
these  stars. 

I  give  in  tabulated  form  the  observations  of  Herschel,  and  my  recent  meas- 
ures with  the  36'inch : 

1825  ±        120**  ±         8'' ±         15......16        H    In 

1830  ±        322.2  3     f        17 18        H     1?/ 

1891.66       322.3  B.42  13 13.4    fi    2r/ 

I  measured  also  the  position  of  this'pair  from  the  followtng  of  the  two  bright 
stars  as  follows: 

/P  Capricorni  and  H  2948. 
1891.655  294M  lll".75 

.673  294  .0  til    .66 


1891.66  294*.0  111''.70 

Obviously  there  is  no  evidence  oT  any  change  cither  in  the  components  of 
H  2948.  or  in  their  position  with  reference  to  /S^  Capriconii,  Ko  chatige  could  be 
cx|5cctcd  excejjt  such  as  might  lie  the  result  of  some  proper  motion. 

Mt.  Hamdton,  Dec.  21  s.  w.  sur!«ham. 

Bumham's  Measures  of  Planetary  Nebulae.  |During  his  regular  double  star 
work  with  the  36  inch  equatorial  of  the  Lick  Ohservatorj%  Mr.  Burnham  has 
given  some  attention  to  the  more  interesting  nebuli^,  and  incidentally  to  a  few  of 
the  Herschel  planetary  nebula?  On  examining  the  records  of  the  best  observers, 
he  was  surprised  to  find  that  ^ilmost  nothing  had  been  done  ixi  the  way  of  takiug 
careful  micrometrical  measures  to  determine  the  places  even  of  the  brighter  of 
the  planetarj'  nebula?.  This  seemed  to  him,  ver\*  naturall3%  a  most  useful  field  of 
work  J  as  a  means  of  determining  wdiether  or  not  these  bodies  have  proi:>er  mo- 
tion. There  can  be  no  doubt,  but  that,  in  time,  careful  work  of  thi^  kind  would 
reveal  important  results.  The  central  star  in  this  class  of  nebulie  is,  of  coitrae, 
used  as  the  point  of  reference  in  measurement,  and  this  is  so  generally  found  in 
planetary  nebulae  that  it  is  suggested  as  a  criterion  for  classification  of  these  bod* 
les.  Some  of  these  stars  are  very  faint  and  can  only  Ix'  seen  wnth  telescopes  ol 
large  aperture,  and,  in  a  few  instances^  the  large  object-glass  of  the  36-inch  equa- 
tonal  furnishes  none  too  much  light  for  their  accurate  measurement  with  the  mi- 
crometer. Mr,  Burnham  has  used  Dreycr's  General  Catalogue  in  making  up  his 
observing  lists^  and  he  says  he  has  examined  Nos.  934,  2440,  2452,  4107,  5144 
and  6210,  and  found  them  more  or  less  lacking  in  the  characteristics  of  planetary 
ncbulic.    He  thinks  they  properly  belong  to  a  much  larger  and  less  interesting 
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class  of  objects  which  would  be  briefly  described  as  small  circular  patches  of  neb- 
ulosity. He  also  speaks  of  the  so-called  ** stellar*'  nebulae  discovered  b}'  Picker- 
ing, Swift  and  others.  '*  These  are  all,  so  far  as  I  have  examined  them,  very 
small,  bright,  round  nebulae,  which  in  a  small  instrument  would  resemble  stars 
slightly  out  of  focus,  but  do  not  appear  to  come  within  the  planetary^  class." 

In  speaking  of  the  central  star  in  this  class  of  nebulae,  Mr.  Burnham  says 
**  there  can  be  no  doubt  that  these  central  stars  are,  in  some  way  associated  with 
the  nebulae  themselves,  and  that  any  change  in  the  positions  of  these  stars  will 
be  accompanied  by  a  corresponding  drift  in  space  of  the  nebulae.  Of  the  thou- 
sands of  nebulae  now  known,  these  examples  of  the  planetary  class,  with  b,  few 
exceptions  possibly  among  very  minute  nebulae,  are  the  only  ones  where  any 
proper  motion  could  be  detected  within  any  reasonable  Lime.  For  this  reason 
there  is  no  reliable  evidence  yet  of  the  change  in  position  of  any  nebulae  in  the 
heavens." 

It  is  further  claimed  that  there  is  no  apparent  reason  why  the  nebulae  should 
nut  be  distributed  in  space  as  the  stars  are,  nor  why  they  should  not  have  proper 
motion  like  the  stars.  A  few  measures  during  a  brief  period  of  years  will  cer- 
tainly reveal  small  changes  of  place,  even  if  these  be  in  the  form  of  slight  annual 
variation  only.  The  detailed  descriptions  of  thirty  or  more  of  these  planetary 
nebulae  recently  observed  by  Mr.  Burnham  add  large  and  new  interest  to  this 
field  of  research. 

Anrora  Obsenrations.  We  take  pleasure  in  giving  the  following  letter  from  Mr. 
M.  A.  Vecder  of  Lyons,  N.  Y.,  which  bore  date  January  16. 

*•  The  note  in  Astronomy  and  Astro-Physics  in  regard  to  observing  auroras 
is  being  heard  from,  and  I  am  much  obliged  for  your  inserting  it. 

••In  sending  out  blanks,  etc.,  during  December  I  generally  called  attention  to 
the  fact  that  a  series  of  recurrences  of  the  aurora  at  27V4-day  intervals  would 
probably  begin  on  January  5th.  This  expectation  has  been  fully  realized  by  the 
appearance  of  an  unusually  brilliant  aurora  on  that  date.  It  would  seem  from 
this  that  the  next  few  months  are  likely  to  be  especially  favorable  for  observa- 
tions of  this  character.  Already  interesting  results  are  being  secured  from  the 
plan  of  observation  that  has  been  organized.  By  noting  the  time  of  each  ob- 
servation and  recording  the  absence  as  well  as  the  presence  of  the  aurora  it  has 
become  evident  that  an  aurora  may  be  piesent  at  southern  stations  when  absent 
at  those  directly  northward.  This  is  something  different  from  what  we  would 
naturally  expect,  and  perhaps  its  explanation  may  become  apparent  in  the 
course  of  the  research." 

From  Dr.  Wilson's  notes  we  give  the  description  of  the  aurora  that  was  seen 
at  Goodsell  Observatory  Jan.  5,  as  follows: 

"Remarkable  aurora  extending  from  80°  west  to  100°  east  of  north  point; 
at  times  reaching  10°  south  of  the  zenith.  Noticed  first  at  0  o'clock  p.  M.,  in 
light  of  the  moon  nearly  half  full.  Very  few  streamers,  but  large  oval,  cloud-like 
masses  changing  rapidly.  Motion  from  east  to  west.  Dark  cloud-lihe  arch 
about  15"  high  at  7  o'clock  i*.  m.  .\t  D  i*.  m.  arch  4-5 ■  high  surmounted  by  fine 
arch  of  short,  bright  streamers  changing  rapidly,  the  whole  lasting  only  a  few 
minutes,  then  changing  to  the  oblong  bright  clouds." 

Variation  of  Latitude.  Recently  various  scientific  journals  have  Ixren  discus- 
sing the  question  of  the  variation  ol  latitude.  The  articles  that  have  appeared 
during  the  last  two  months  in  the  Astronomical  Jonrnnl  are  esix'cially  note- 
worthy. In  No.  248,  Mr.  S.  C.  Chandler,  of  Canihridge,  calls  attention  to  a  ser- 
ies of  observations  made  with  the  .-Vlniucantar,  six  years  ago.  which  ''exhibited 
a  decided  and  curious  progression  throughout,"  the  earlier  values  of  the  differ- 
ence between  computation  and  observation  being  j)ositive  while  the  later  ones 
were  negative.  These  observations  extended  Irom  November,  1884,  to  April, 
1885,  and  the  range  was  about  four-tenths  of  a  second.  The  observations  were 
continued  to  the  end  of  June  of  the  same  year,  and  a  negative  niaxinium  was 
found  alxjut  May  1,  while  from  the  previous  observations  of  May  to  Nov.,  1884, 
a  positive  maximum  appeared  about  .Sept.  1,  showing  a  range  of  about  0".7, 
"with  a  half  period  of  about  seven  months."  This  discussion  was  based  on  the 
observations  of  stars  between  —  5°  and  -}-  5°  declination.  Another  study  of 
stars  between  -\-  5°  and  +  50°  in  declination  gave  an  exactly  corresponding  vari- 
ation of  latitude  both  in  direction  and  range.  In  this  connection  Mr.  Chandler 
mentions  the  fact,  that  Dr.  Kiistner  in  his  determination  of  aberration  from  a  ser- 
ies of  observations  made  at  the  same  time  and  published  in  1888,  noticed  similar 


anomalies,  and,  tha  twork  at  Berlin,  Prague.  Potsdntn  and  PolVowa  indicates  a 
change  in  range  and  period  that  surprisingly  accords  with  results  already  named. 

In  Nos.  24'y  and  250  of  the  Astronomical  Journal,  Mr.  Chandler  gives  a  de- 
tailed discussion  of  the  observations  before  referred  to,  and  others  similar  to 
them,  from  which  he  reaches  a  general  result  in  this  preliminarv  discussion,  show- 
ing *'a  revohition  of  the  Earth's  pole,  in  a  period  ot  427  days,  from  west  to  east 
with  a  radius  of  30  feet  measured  at  the  Earth's  surface.  Assuming  provision- 
ally for  the  purpose  of  statement,  that  this  is  a  motion  of  the  north  pole  of  the 
principal  axis  of  inertia,  about  the  axis  of  rotation »  the  direction  of  the  former 
trom  the  latter  lay  towards  the  Greenwich  meridian  about  the  beginning  of  the 
year  1S90.  This,  with  a  period  of  427  days,  will  serve  to  fix  approximately  the 
relative  positions  of  the  axes  at  any  other  time  for  any  given  meridian.  It  is  not 
possible  at  this  stage  of  the  investigation  to  l>e  more  precise,  as  there  are  facts 
which  apjjear  to  show  that  the  rotation  is  not  a  jjertectly  uniform  one,  but  is  sub- 
ject to  secular  change,  and  jicrhaps  irregularities  within  brief  spaces  of  time.** 

Readers  who  w^ish  to  make  a  study  of  the  evidence  of  these  importaot  con- 
clusions should  refer  to  the  pajicrs  mentioned  above. 

Periodic  and  Secular  Variations  of  the  Latitude.  Professor  George  C.  Corn- 
stock,  Wasbum  Observatory,  Madison,  Wis.,  has  also  published  a  vcrv  suggest 
tive  paper,  in  No.  252  of  the  Astronomicnl  Journah  on  the  Relation  of  the  Peri- 
odic and  Secular  Variations  of  the  Latitude  In  this  article  he  calls  attention  to 
a  paper  which  he  published  in  lUc  American  Journal  of  Science,  Deeembcr,  1891, 
and  which  gives  a  discussion  oJ  the  data  furnished  by  observations  at  Pulkowa, 
Koenigsl«?rg.  Washington  and  Madison,  which  appears  to  show  a  progressive 
motion  of  the  terrestrial  p^le  whose  effect  on  the  latitudes  of  these  Observatories 
is  represented  by  the  expression 

<p  —  ^o  +  '>''.044  co5{a  —  69^" ){t  —  t^h 
in  which  the  longitudes,  /,  are  reckoned  from  the  meridian  of  Greenwich,  and  the 
unit  of  t  is  a  year. 

Mr.  Cotnstock  does  not  offer  any  hypnthesis  for  the  cause  of  secular  change 
of  latitudes^  but  prefers  to  treat  it  at  present  as  a  phenomenon  requiring  con- 
firmation. Its  existence  is  legitimately  assumed,  as  a  working  hypothesis,  and 
its  relation  to  other  phenomena  may  be  discussed.  He  thinks  that  the  existence 
of  a  secular  term  in  the  latitudes  will  n»cessarily  produce  a  jjeriodic  term  also, 
for  by  virtue  of  its  progressive  motion,  the  instantaneous  axis  of  rotation  of  the 
Earth  is  moved  away  from  the  ]»rincipal  axis  of  inertia.  *' The  forces  developed 
by  the  separation  of  these  axes  will  tend  to  re-adjust  the  figure  of  the  Earth  so 
as  to  bring  these  axes  again  into  coincidence;"  but  this  can  not  be  done  in- 
stantly, "and  the  axis  of  figure  will  lag  behind  the  axis  of  rotation,  by  an 
amount  dejx*ndiiig,  in  great  part,  upon  the  modulus  of  the  Earth's  rigidity,  thus 
producing  the  theoretical  [periodic  motion  of  the  pole  associated  with  Eider's 
name  " 

We  arc  sorry  we  have  not  before  tis  Professor  Newcomb's  article  on  this 
theme  which  w^as  published  in  the  Astronomical  Journal,  Ko,  4^51,  so  as  to  refer 
to  it  more  fxilly  in  this  c<>nnectiou.  Pn»fessor  Comstock  refers  to  that  pajKT  and 
says:  '*  Professor  Ncwcomb  lias  indicated  that  the  imperfect  rigidity  of  the  Earth 
may  produce  a  very  appreciable  lengthening  of  this  |>eriod,  and  he  is  inelined  lo 
attribute  to  this  cause  alone  the  total  excess  *»f  the  period  found  by  Mr.  Chand- 
lerover  the  value  306  days  which  would  obtain  in  a  rigid  Earth.'*  But  Profes- 
sor Comstock  thinks  that  im[jerfect  rigidity  of  the  Earth  would  not  explain  the 
anomalous  variations  of  amplitude  and  period  of  inequality  found  by  Mr. 
Chandler,  chiefly  Ijecause  w*e  are  constrained  to  regard  the  rigidity  u(  the  Earth 
as  practically  constant,  at  least,  for  short  periods  of  time,  but  he  does  think  that 
both  can  l>e  explained  by  taking  into  the  account  the  secular  change  of  the  posi- 
tion of  the  pole.  The  proofs  for  this  position  are  given  and  the  results  are  tn 
striking  conformity  with  the  empirical  results  found  by  Mr.  Chandler.  Professor 
Comstock  further  .says:  **  That  all  the  characteristic  features  of  the  periodic  term 
detected  by  Mr.  Chandler  seem  to  admit  of  explanation  through  the  assumed 
nutation  and  secular  variation  of  the  pole.  Any  secular  variation  of  the  position 
of  the  pole  will  produce  a  periodic  variation  of  latitudes.  If  the  secular  variation 
is  a  uniform  motion  along  a  great  circle,  the  periodic  term  w^ill  l>e  of  constant  am- 
plitude and  length,  but,  if  the  secular  variation  itself  contains  periodic  terms,  they 
will  manifest  their  presence  through  irregularities  in  the  periodic  terms  of  the 
latitude."    Plans  for  further  study  of  this  qaestion  are  suggested. 
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TIDAL  THEORY  OF  THE  FORMS  OF  COMETS.* 
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In  Fig.  I  let  C  be  the  center  of  a  comet,  Donati's  for  example, 
when  so  far  from  the  Sun,  at  S,  on  June  2nd,  1858,  that  it  ap- 
peared of  a  spherical  form  with  a  diameter  of  3',  according  to 
Professor  Newcomb's  statement,  Popular  Astronomy,  page  380. 


FIG.  1. 

Let  CS  =  a  =  the  comet's  radius-vector,  or  distance  from  the 
Sun  ;  CA  ^=^  x,  AP=^  y,  P  being  any  point  at  the  distance  CP  =  R 
from  the  comet's  center,  whether  on  its  surface,  or  on  a  concentric 
circle  within  it.  Let  the  circle,  EGHK,  rei)resent  any  section  of 
the  comet,  in  any  direction,  made  by  a  plane  passing  through  the 
Sun's  center,  and  that  of  the  comet.  Let  PS  =  D=^  the  distance 
of  the  particle,  P,  from  the  Sun,  and  let  PB  be  parallel  to  CS,  and 
PT  be  a  tangent  to  the  circle  at  P,  and  considered  as  having  a 
positive  direction  when  the  particle,  P,  begins  to  move  along  it 
in  a  right-handed  direction  counted  around  the  circle,  or  from  P 
towards  E.    In  the  opposite  direction,  from  P  towards  G,  or  to 

*  Commmiicated  by  the  author. 

t  Profiesaor  of  Mathematics  and  Astronomy,  Uniyersity  of  the  City  of  New 
York. 


the  left  around  the  circle,  it  must  be  counted  as  negative*    PA  is 

drawn  perpendicular  to  CS^  and  CPZ  is  the  normal  to  the  circle 

at  P. 

The  accelerative  attraction  of  the  Sun  on  P,  if  bis  mass  is  Af,  is 

M 

y—  ,  omitting  the  constant  factor  k  used  by  Professor  Watson. 

The   component    of  this  acceleration,  in    the  direction   PB^  is 

-^^  cos  f.    The  acceleration  of  the  comet  as  a  whole,  at  C,  is  — x. 

The  disturbing  force  of  the  Sun,  w^hich  tends  to  draw  away  the 
particle,  P,  from  the  comet  in  either  of  the  parallel  directions,  CS 
or  PB,  is  the  difference  of  these  two  accelerations,  or 


M 


M 


Let  this  disturbing  force  be  resolved  into  the  two  normal  and 
tangential  components,  acting  in  the  directions  PZ  and  PT  re- 
spectively.   Denoting  them  by  iVand  T,  they  will  evidently  be: 


N' 


cos  ip 


acting  along  PZ^  and 


T  = 


_2  COS  *p A  ,  sin  -v^  acting  along  PT, 

There  will  also  be  what  may  be  called  a  Pressure  Component  of 

M 
the  Sun*s    acceleration,  ^y.,^^    acting    along   PA,    whose  value  is 


M 


sin  if.    If  this  be  resolved  in  the  directions  PC  and  PT,  and  if 


they  are  denoted  respectively  by  n  and  t,  since  they  are  in  the 
normal  and  tangential  directions,  they  will  !>e 

u  =  —  *  „  sin  <f  sin  '^,  in  the  direction  PC^ 

M 
t  —  +  ^^  sin  f  cos  *,  in  the  direction  PT, 

The  negative  sign  belongs  to  the  first  of  these  because  it  tends  to 
diminish  the  radius,  R,  while  the  component,  iV,  tends  to  increase 
it,  and  is  therefore  positive. 

The  component  N^  which  tends  to  remove  the  particle  Pin  the 
direction  PZ*m  resisted,  or  restrained,  by  the  gravity  of  the  comet 
or  the  attraction  of  its  mass,  m,  towards  C.  As  this  force  tends 
to  diminish  the  radius,  i?,  it  must  be  considered  as  negative,  and 

♦^  =  fl  of  Fig.  1. 
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may  be  represented  by  —  j^ .    Hence  the  particle,  P,  will  be  kept 
in  eqnilibritiniy  so  far  as  the  normal  forces  are  concerned,  when 


m      M   . 


fM  M\ 

f  sin  t»  +  1^  cos  ^  —  —  I  cos  t»  =  0. 


From  Fig.  I  it  is  evident  that  x  =  R  cos  ^,  y  =  R  sin  ^,  also 
—  X  =  Z)  cos  ip,  y=-D  sin  f . 

/.  1)2  =  (a  —  x)2  +  j2  =  a3  —  2ajr  +  x^  +  j3 

.-.  D2  =  a2  —  2al?cos  *  +  ija  =  a2  (1  —  2  —  cos  «  +  ^), 

a  a'* 

Let  /?  =  —  ,.-.  02  =  a2(l  —  2/S  cos  •>  +  /?2) 
a 

.-.  Z)    =:a(l  — 2/?COSi^  +  /?2)i 
a  —  X  __        a  —  i?  cos  »>  _        1  —  /?  cos  »> 


COS  f 


D         a(l  — 2/:^cos*  +  /^2)  i      (1  — 2/:/cosi^  +  /y3)i 

_  ^ R  sin  >» ^sin^ 

sin  f  —  ^  —  ^^^  __  2^  ^-  ^^  ^  ^2)^  —  (1  —  2fi  cos  t5»  +  /^2)  i 

iW  _  M  1  —  /?  cos  i» 

Z>2  ^^®  ^       a2  •  (1  —  2// cos  i>  +  p^)  f 

M    .        __^    (i  sin  »» 

2)2  s^"  ^"""  a2  •  (1  —  2/^cos.v  +  /^2)4 


(A) 


(B) 


^  =  -^2  {^l-^27l^^-f^2)f  -  l)  .sin  ^  in  direction  Pr. 

o  — 5" .  -7,^ TT-j ^   .  —.7^.3 ,  in  the  direction  PC. 

a2     (1  —  2P  cos  »v  +  /^2)^ 

,  Af    fi  sin  >»  cos  >»  __M    ft  sin  2'» 

■"  "^  a2~  •   (1  —  2/^  cos  'V  +  /^2)f  —  2a~2 '  (1  — 2,rcos  »5^+/5=»)  f , 

in  the  direction  PT. 

We  shall  first  discuss  the  Pressure  Components,  (B).  Of  these 
the  normal  component,  n,  is  evidently  zero,  both  at  B  and  at  ff, 
where  sin  »^  =  0 ;  but  at  G  and  K^  denoting  them  by  n^  and  n^, 
they  are 

n,  =  n,  =  -  ^(1  +  /if2)-|  =  -  ^(1  -  |<J2),  nearly. 


Hence  the  Sun's  normal  pressure  is  greatest  at  right-angles  to  the 
line  joining  the  centers  of  the  Sun  and  cornet^  and  is  directed  both 
at  G  and  K  towards  the  coraet^s  center.  This  force  tends  to 
compress  the  spherical  figure  of  the  comet  into  an  ellipsoid  of 
revolution  around  the  greater  axis,  which  is  directed  towards  the 
Sun. 

The  tangential  component,  t,  of  the  Sun*s  pressure  is  evidently- 
zero  at  each  of  the  points  E,  G,  H,  K,  where  sin  2-''  —  0,  But  it 
will  have  a  maximum  vaUie  at  the  middle  of  each  of  the  quad- 
rants EG,  GH,  HK,  KE,  where  sin  2'V  =  ±  1.  Denoting  that  at 
the  middle  of  the  first  quadrant  by  ti^^,  it  will  be 

AIR  — 

or  nearly  ty,  =  +  ^^a*  <^  +  *  ^^'^^  * 

It  will  diminish  both  towards  E  and  towards  G»  but  will  have 
always  the  positive  sign,  and  will  therefore  tend  to  move  the 
particle,  P,  along  the  circle  towards  the  right,  or  towards  E. 

The  tangential  component  at  the  middle  of  the  fourth  quad- 
rant, which  may  be  represented  In-  t^ ,  will  be 

t|  =  -  ^  (1  -  A  2  +  P'^H,  =  -^  ^  (1  +  |,Sv/2),  nearly. 

It  IS  negative,  as  are  all  the  tangential  components  of  the  Sun's 
pressure  in  this  quadrant,  and  hence  they  tend  to  move  the  parti- 
cle P  in  the  negative,  or  left  handed  direction  around  the  circle, 
or  still  towards  E, 

The  tangential  component,  t,  at  the  middle  of  the  second  quad- 
rant, or 

t|  =  -  ^?  (1  +  A'2  +  ^=H  =  -  li?  (1  -  f^'v^)  nearly. 

It  is  negative  like  the  others  in  this  quadrant,  and  tends  to  move 
P  in  the  left  handed  direction,  or  towards  H, 
In  the  middle  of  the  third  quadrant  it  is 

«|  =  +  ^f  (1  +  m  +  n-i  =  +  -2^^?  (1  -  4A'2)  nearly. 

Like  the  other  tangential  components  of  the  Sun's  pressure  in 
this  quadrant,  it  tends  to  move  P  tow^ards  the  right  or  back  to 

Hence  the  tangential  components  of  the  Sun's  pressure  tend  al- 
ways to  transfer  the  comet's  materials  along  the  surface,  for  each 
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Talae  of  1?,  from  the  positions  G  and  K  towards  E,  nearest  the 
Sim,  and  towards  H,  farthest  from  him.  This  process  will  also 
tend  to  increase  the  diameter  HjB,  and  to  diminish  that,  GK,  at 
right-angles  to  the  Smi's  direction.  But  it  should  also  be  noticed 
that  the  maxima  and  other  values  in  the  two  quadrants  nearest 
the  Sun  have  the  factor  1  + 1/^2,  while  those  in  the  two  quad- 
rants, or  hemisphere,  farthest  from  the  Sun  have  the  factor 
1  —  |iV2.  Hence  more  matter  is  conveyed  by  these  tangential 
currents  into  the  hemisphere  nearest  the  Sun,  than  is  conveyed  by 
the  feebler  currents  into  the  hemisphere  farthest  from  him.  The 
consequence  of  this  is,  that  the  effect  of  the  tangential  compon- 
ents of  pressure  is  to  transfer  the  comet^s  center  of  gravity  away 
from  its  center  of  Sgure  towards  the  sun. 

Discussion  of  the  Normal  and  Tangential  Components  of 
THE  Disturbing  Force,  N  and  T. 

At  JB,  or  the  beginning  of  the  first  quadrant,  let  these  compo- 
nents be  denoted  respectively  by  AT,  andT,. 

.  • .  iV,  =  ^  .  /  2,J  +  3/S2  +  4,S»  +  S/S*  +  etc. I 

•••  ^i  =  ^^^ir^  (1  +  l'»  +  4<*^  +  4'*"  +  etc-) 
a 

and  T,  =  0,  since  sin  »9  =  0. 
Denoting  these  components  at  G,  by  N^  and  Tj,  they  will  be  fotmd 
to  be 

Nj  =■  0,  since  cos  »^  =  0, 

^' = ^  {<i + 1^)"'  - 1} = - ""  ^  °°"'''' 

SimUarly  at  H  and  K,  will  be  found  for  AT,,  T,  and  N^,  T„ 

a;  =-^|(l  +  ^)-»-l}= -^[- 2/?  +  3/J2-4y8'  +  5/S*  -  etc.} 

T,  =  0. 

...    N,  =  —J—(l-l0  +  *0i-lfi'  +  etc.) 
•  a 


N,  =  o.  j;.^_^f(l  +  ;sr2)-|_ij=^^f^.^2| 


MR^ 


T  —  H-  » 


nearly. 


At  E.Fig.  I,  T,  =  0;  at  G,  T,  =  -  « 


A/i?2 


nearly ;  and  it  is  easy 


to  see  that  when  ^>0»  and  ^<^]^0°,  T  must  be  positive  up  to  some 
point  on  the  quadrant  EG,  where  it  must  again  become  zero 
without  sin  *^  "  0,  after  which  it  will  be  negative  up  to  and  in- 
cluding G.    This  point  on  EG  will  be  determined  by  the  condition 

1  —  ft  cos  »^ 


—  1 


0. 


An  approximate  solution  of  this  equation  gives 
cos  ^^^^  %ft^  nearly. 

As  ft  is  generally  small,  hence  ^'^  will  be  large,  or  the  inquired 
point  not  far  from  G.  Hence  the  tangential  companent  of  the  dis- 
turbing force  T,  in  the  first  quadrant,  is  positive,  or  right-handed, 
up  to  near  G,  Like  the  tangential  component  of  the  Sun's  pres- 
sure, it  produces  a  flow"  of  the  comet's  fluid  material  from  near  G 
towards  B.  Similarly  the  flow  takes  place  from  near  K  towards 
E;  and  in  the  second  and  third  quadrants,  the  flow  of  material 
takes  place  from  near  G  and  A'  towards  //.  Hence  a  further 
increase  of  the  diameter  HE,  at  the  expense  of  the  diameter  GK, 

In  addition  to  the  increase  of  the  diameter  HE,  and  the  diminu- 
tion of  the  diameter  GK,  by  both  the  normal  and  tangential  com- 
ponents of  the  Sun's  pressure,  and  also  by  the  tangential  com- 
ponents of  the  Sun's  disturbing  force  proper,  or  T,  there  is  an 
increase  of  the  diameter  HE  by  the  normal  components,  N^  and 
iV,  and  by  similar  components,  which  may  be  called  the  Solar 
Tidal  Forces.  These  forces  tend  to  raise  tides  of  unequal  magni- 
tude, in  the  hemisphere  GEK,  directly  tow^ards  the  Sun,  and  in 
the  hemisphere  GHK,  away  from  him,  that  towards  the  Sun 
being  the  greater.  The  type  of  the  tide  raised  nearest  the  Sun 
may  be  considered  as  represented  approximately  b3'  the  disturb- 
ing force, 

a;  =^  ,2R.h  +  P  +  J/S2  +  1^  +  etc.] ,  (I), 

^  I  ) 

That  of  the  tide  in  the  opposite  hemisphere,  GHK,  by  the  disturb- 
ing force, 

iV,  -  ^  .  2/?  .  (l  -  p  +  J,^2  «  f,^  +  etc.> 


\ 


1' 


(11). 
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It  will  be  perceived  that  the  maxima  disturbing  forces,  N^  and 
Ai,  on  account  of  the  smallness  of  /?,  in  general,  are  nearly  in  pro- 
portion directly  to  the  mass  of  the  disturbing  body,  Ai,  inversely 
proportional  to  the  cube  of  the  disturbed  body's  distance,  a,  from 
the  disturbing  body,  and  directly  as  the  diameter,  or  radius,  i?,  of 
the  disturbed  body. 

But  the  eflFect  of  these  disturbing  forces  in  raising  these  tides 
will  also  depend  greatly  on  the  force  by  which  they  are  resisted, 
namely  the  gravitation  toward  the  center  of  gravity  of  the  dis- 
turbed body,  principally  at  its  surface,  B  and  ff,  but  more  or  less 
also  at  other  distances  from  the  center,  C.  It  will  be  instructive 
to  compare  these  forces,  and  their  effects  in  producing  the  tides  in 
the  waters  of  the  earth,  with  what  they  ought  to  be,  when  simi- 
larly computed,  for  a  given  comet,  as  Donati's. 

With  the  Earth's  mean  distance  from  the  Sun,  considered  as 
constant,  its  known  mass,  compared  with  that  of  the  Sun, 
mziz^y-^^^,  according  to  Professor  Watson's  tables  in  his  Theo- 
retical Astronomy,  that  of  the  Sun  being  the  unit,  and  its  known 
radius,  i?,  the  forces  N<^  and  -W,,  for  the  Earth's  solar  tides,  are 
readily  computed.    But  these  forces  are  so  resisted  by  gravity 

at  the  Earth's  surface,  which  may  be  represented  by  5"  =  ^^ ,  that 

the  highest  tides  raised  on  the  Earth,  at  E  and  H,  by  the  Sun 
alone,  are  about  one  foot  in  the  open  ocean,  far  away  from  any 
land  except  a  small  island.  According  to  Professor  Newcomb, 
Donati's  comet  was  first  discovered  on  June  2,  1858,  with  an  ap- 
parent diameter  of  3'.  How  large  was  the  comet  then,  and  how 
far  from  the  Sun  was  it  ?  From  the  elements  of  the  comet  given 
by  Professor  Watson,  No.  248  of  his  Catalogue  of  Comets,  which 
elements  were  computed  by  Professor  G.  W.  Hill,  it  appears  that 
the  comet  was  then  in  the  part  of  its  orbit  120  days  before  peri- 
helion passage,  which  was  nearly  on  Sept.  30.  With  these  data 
the  comet's  radius- vector,  or  distance  from  the  Sun,  computed  by 
W^atson's  formulae  and  tables,  both  as  a  parabola  and  as  an 
ellipse,  was  a  little  more,  especially  in  the  ellipse,  than  two  and  a 
quarter  times  the  Earth's  mean  distance  from  the  Sun. 

Using  the  solar  parallax,  8''. 848,  and  the  Earth's  equatorial 
radius  given  bj'  Professor  Chauvenet  (Spherical  and  Practical 
Astronomy),  the  Earth's  mean  distance  was  found  in  miles,  and 
thence  that  of  the  comet.  Then,  from  the  3'  apparent  diameter 
of  the  comet,  its  diameter  was  found  to  be,  on  June  2,  1858, 
somewhat  more  than  182,000  miles.  Hence  the  radius  of  the 
comet  was  at  least  R  =  91,000  miles,  or  nearly  23  times  the 


Earth's  equatorial  radius.  Professor  Newcomb  says,  (Popular 
Astronomy,  page  380)»  **No  tail  was  noticed  until  the  middle  of 
August,  and  at  the  end  of  that  month  it  was  only  half  a  degree 
in  length,  while  the  comet  itself  was  barely  visible  to  the  naked 
eye/'  Al>out  the  middle  of  August  would  bring  the  comet  to 
within  45  or  46  days  of  its  perihelion  passage.  At  that  time,  by 
AVatson's  forraulfe,  the  comet  would  be  a  little  more  distant  from 
the  Sun,  than  the  Earth  was.  Supposing  the  comet  to  have  then 
the  same  diameter,  HE  ^  2R  ^  l82,UtH)  miles»  or  23  times  the 
Earth*s  diameter,  it  is  evident  from  (I)  and  (II),  that  the  Sun's 
disturbing  forces  would  tend  to  raise  tides  at  Kand  II,  23  times 
as  great  as  they  would  on  the  Earth  at  the  same  distance,  or 
nearly  23  feet  instead  of  one  foot.  But  the  actual  heights  of  the 
tides  raised  by  the  forces  A^,  and  N^^  would  also  depend  upon  the 
strength  of  the  forces  tending  to  counteract  their  effect.    On  the 

Earth  the  counteracting  forces  are  mainly  the  gravity  §  =  j^,^-^ 

acting  at  E  and  H  toward  the  centre  C.  To  determine  what 
these  counteracting  forces  are  on  the  comet  its  mass,  m,  as  well 
as  its  radius,  A%  must  be  known.  La  Place's  limit  of  a  comet's 
mass,  to  produce  no  perturbation  in  the  solar  system,  is  ^^q\ji  of 
the  Earth's  mass.  It  is  better  perhaps  to  make  the  following 
supposition.  Since  it  is  known  that  the  Earth's  atmosphere  is 
about  io(ja\ioo  of  'the  Earth's  mass,  let  it  be  supposed  that  the 
mass  of  Donati's  comet  is  equal  to  400  times  that  of  the  Earth's 
atmosphere.  It  will  then  be  m  ~  ic»iSuoo  —  ts^c  ^f  ^^^  Earth*s 
mass.  This  is  just  twice  as  great  as  La  Place's  limit. 
As  the  comet's  radius  is  23  times  that  of  the  Earth,  hence  the 


gravity  at  its  surface,  at  E  or  f/,  is  ^  =  — 


e 


25U0  X  232  *  '^''^''^^ 
g  ^  the  gravity  at  the  Earth's  surface,  and  ^,  that  at  the 

comet's.    Hence  ^  =  j^f^^. 

As  this  restraining  force  of  gravity  on  the  comet's  surface  is  so 
much  smaUer  than  it  is  on  the  Earth,  the  23  feet  elevation  of  the 
tides  at  B  and  f/,  in  the  case  of  the  comet,  must  be  increased 
1,322,500  times  or  30,417,500  feet,  or  about  5,760  miles,  nearly 
one-sixteenth  the  length  of  its  radius. 

Without  intending  this  as  an  absolutely  accurate  and  definite 
calculation  on  the  subject,  in  all  its  complicated  details,  it  is  suf- 
ficient perhaps  to  show  how  enormous  the  Sun's  tidal  distur- 
bance of  the  comet's  figure  of  equilibrium  must  be,  even  when 
it  is  as  far  from  him  as  the  Earth  is,  con.sidering  how  small  the 
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comet's  mass  is,  compared  with  that  of  the  Earth,  and  how 
large  its  diameter  is.  But  when  the  comet  runs  down  still  nearer 
to  the  Sun,  it  gains  nothing,  as  a  whole,  in  its  restraining  power 
over  the  disturbing  forces;  but  these  are  again  enormously  in- 
creased inversely  proportional  to  the  cube  of  the  comet's  distance 
from  the  Sun. 

The  diflTerence  between  the  tidal  forces  towards  the  Sun,  and  on 
the  comet's  side  turned  away  from  him,  being  greater  in  the 
former  case,  tends  still  farther  to  transfer  the  comet's  centre  of 
gravity  towards  the  Sun,  in  the  same  direction  namely  as  its 
transference  by  the  pressure  and  tangential  components. 

That  this  change  of  the  comet's  centre  of  gravity  is  not  a  small 
one  may  be  understood  from  the  following  considerations. 
When  Mr.  Croll,  the  English  geologist,  first  published  his  views 
with  regard  to  a  large  ice-cap  placed  over  one  of  the  Earth's 
polar  regions,  the  north  pole  for  example,  and  the  removal  of  all 
ice  from  the  opposite  pole,  he  computed  that  there  would  be, 
in  consequence,  a  considerable  displacement  of  the  Earth's  centre 
of  gravity  towards  the  pole  on  which  the  ice-cap  rested.  A  scien- 
tific friend  brought  these  results  to  my  notice;  but  I  was  dis- 
posed to  doubt,  or  deny,  that  the  effect  of  such  an  ice-cap  could 
change  the  Earth's  centre  of  gravity  by  any  appreciable  amount, 
because  the  mass  of  the  supposed  ice-cap  may  be  regarded  as  al- 
most infinitesimal  compared  with  the  mass  of  the  Earth. 

Bat,  said  my  friend,  try  the  calculation  yourself,  and  tell  me 
how  great  is  the  change  of  the  centre  of  gravity,  for  an  ice-cap  at 
the  north  pole,  say  one  mile  high,  and  thinning  down  to  zero 
thickness  at  45°  north  latitude.  On  making  the  calculation,  by 
supposing  the  mass  of  the  Earth,  without  the  cap,  with  the 
mean  density  of  5.6,  to  have  its  centre  of  gravity,  or  its  weight, 
at  the  centre  of  a  sphere  with  the  Earth's  mean  radius,  and  com- 
puting the  weight  and  position  of  the  ice-cap's  centre  of  gravity, 
with  a  mean  density  of  0.92,  the  place  between  these  two 
points, — ^the  earth's  center,  and  the  ice-cap's  center  of  gravity, — 
where  the  two  weights,  on  opposite  sides  of  a  fulcrum,  would 
balance  each  other,  was  found,  to  my  surprise,  at  a  large  frac- 
tion of  a  mile  from  the  Earth's  centre.  Then  it  was  easy  to  see 
that  while  the  ice-cap  was  really  but  a  small  fraction  of  the 
Earth's  mass,  yet  its  power  of  changing  the  centre  of  gravity 
really  depended  upon  the  very  great  leverage  at  which  it  acted; 
nearly  four  thousand  miles. 

In  the  same  manner,  although  the  mass  of  the  comet  that  is 
transferred  towards  the  Sun,  in  excess  of  that  transferred  to  the 


opposite  side,  may  be  comparatively  small»  yet  the  enomioos 
leverage  at  which  it  acts,  in  the  case  of  the  comet,  23  times  as 
large  as  the  Earth,  and  only  Y^^pa  <>f  the  Earth's  mass  l^esides, 
would  necessarily  change  its  centre  of  gravity  towards  the  Sun 
by  a  very  large  amount. 

Again  Mr.  Croll  inferred  from  the  displacement  of  the  Earth's 
centre  of  gravity  towards  that  of  the  ice-cap»  that  the  moveable 
waters  of  the  Earth  would  be  drawn  towards  the  new  centre  of 
gra^-ity,  arra3ing  themselves  somewhat  spherically  around  this 
new  centre,  and  thus  throwing  a  still  larger  mass  of  water  upon 
the  hemisphere  containing  this  centre.  The  effect  of  this  would 
be  to  still  farther  transfer  the  centre  of  gravity'  in  the  same  di- 
rection, until  a  new  equilibrium  of  all  the  forces  could  be  estab- 
lished. 

Exactly  in  the  same  way,  the  transference  of  the  comet's  centre 
of  gravity  towards  the  Sun,  by  the  forces  previously  discussed, 
would  cause  an  additional  portion  of  its  fluid  mass  to  move 
towards  the  Sun,  especially  at  the  comet's  surface,  and  thus  still 
farther  remove  its  centre  of  gravity  towards  the  Sun. 

The  next  important  consequence,  resulting  from  this  change  of 
the  comet's  centre  of  gravity,  is  that  the  radius,  R,  in  the  two 
formulae,  (I.),  (II.)  on  page  182,  or  in  the  expressions  for  the 
Sun's  normal  disturbing  forces  at  E  and  H  of  Fig.  I,  can  not  be 
the  same.  For  the  R  in  (I.)^  counted  from  the  comet's  centre  of 
gravity,  is  now  diminished,  while  that  of  (11.)  is  increased.  Let 
the  smaller  R,  in  N^  be  denoted  by  R^,  the  greater  in  N^  by  i?,. 
Then  the  new  values  of  N^  and  N^  are,  denoting  them  by  an  ac- 
cent placed  above  them, 


At  the  same  time  the  restraining  force  of  the  comet's  gravity--  at 

its  surface,  at  E  and  H  respectivelv,  wnll  be^/  =  ^^»  and  j^/—  ^-|, 

Thus  it  IS  evident  that  the  normal  disturbing  force,  N/  for  rais- 
ing the  tide  at  E,  nearest  the  Sun,  is  now,  in  consequence  of  the 
displacement  of  the  comet's  centre  of  gravity,  less  than  the  op- 
posite normal  disturbing  force,  N/,  at  H,  At  the  same  time,  the 
comet's  restraining  force,  at  £,  g^'  is  now  greater  than  that,  ^/, 
at  H.    In  other  words,  the  comet,  by  the  change  of  its  centre  of 
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gravity,  has  gained  control  over  its  surface  towards  the  Sun,  and 
it  has  lost  control  over  that  part  of  its  surface  turned  away  from 
him. 

For  a  distance,  i?i,from  the  new  center  of  gravity,  in  the  di- 
rection towards  if,  away  from  the  Sun,  the  gravity  ^/  =  -e,  y 

will  be  the  same  as  that  towards  the  Sun.  Hence  the  mass  of  the 
comet,  at  the  new  center  of  gravity,  will  tend  to  collect  a  spheri- 
cal portion  of  its  fluid  materials  around  this  center,  in  every 
direction  at  the  distance  R^ ;  but  the  more  distant  portions,  out 
to  the  limit  l?„  will  be  less  attracted,  and  rarer  or  less  dense,  as 

long  as  the  attraction  -^-5-  is  greater  than  N^\ 

The  tendency  will  evidently  be  to  form  a  dense  nucleus  at,  and 
Tcry  near  the  comet's  center  of  gravity,  and  a  less  dense  spherical 
bead  or  coma  around  the  nucleus,  or  radius  R^ .  The  comet's 
figure  will  be  more  or  less  that  of  an  elongated  ellipsoid,  with  the 
longest  axis  directed  towards  the  Sun,  the  nucleus  and  head 
bemg  nearest  to  him. 

With  the  decrease  of  the  comet's  distance  from  the  Sun,  the  dis- 
turbing forces  will  increase  inversely  as  the  cube  of  the  radius- 
vector,  the  two  radii,  R^  and  i?„  will  become  more  and  more 
unequal,  and  the  control  of  the  comet's  attraction  on  its  mate- 
rials turned  away  from  the  Sun,  less  and  less,  until  finally  the 
Sun's  disturbing  force  in  this  direction  becomes  too  great  for  the 
comet's  attraction  to  control  its  figure  of  equilibrium  in  the  di- 
rection away  from  the  Sun.  The  figure  will,  therefore,  be  rup- 
tured, and  the  tail  of  the  comet  will  be  formed  of  a  somewhat 
paraboloidal  form,  rather  than  the  previous  ellipsoid. 

The  nucleus  and  head  of  the  comet  will  now  journey  down 
towards  the  perihelion,  with  accelerated  velocity;  the  more  dis- 
tant tail  following  more  slowh'  along  nearl3'  the  same  orbit. 

When  the  nucleus  and  head  of  the  comet  shall  have  approached 
Tery  near  the  perihelion,  their  velocity'  will  be  exceedingly  great, 
since  it  is  nearly  inversely  as  the  square- root  of  the  distance  from 
the  Sun.  But  the  greater  part  of  the  tail  will  be  spread  out 
backwards  along  the  orbit  to  such  great  distances,  and  will  be 
moving  so  much  more  slowly  in  consequence,  that  the  nucleus 
and  head  will  be  forced  to  break  away  from  all  connection  with 
these  portions  of  the  tail.  The  nucleus  and  head,  containing  the 
greater  part  of  the  comet's  mass,  having  passed  the  perihelion, 
and  now  receding  from  the  Sun,  his  action  on  them  will  be  ex- 
actly the  same  as  before  the\'  passed  the  perihelion.    That  is,  he 


will  still  draw  the  center  of  gravity  nearest  to  him,  and  the  ac- 
tion on  the  more  remote  parts  will  as  closely  resemble  a  repulsive 
force  by  which  he  will  seem  to  drive  them  away  from  him,  as  was 
the  case  before  perihelion  passage.  But,  in  neither  case  is  there 
any  real  repulsion ;  only  the  same  difference  of  attmction  by 
which  the  tides  in  the  Earth's  waters  are  produced. 

The  portions  of  the  tail,  separated  from  the  head  and  nucleus 
at  perihelion  passage,  will  subsequently,  at  their  proper  times, 
according  to  their  distance  from  perihelion^  pass  around  that 
point,  and  move  in  a  somewhat  wide  track  along  nearly  the 
same  orbit,  spread  over  a  considerable  arc  of  the  orbit.  Having 
reached  the  |)erihelion  later  than  the  comet's  head,  they  will 
never  be  able  to  overtake  it,  as  both  are  retarded  alike  in  their 
journey  towards  aphelion,  if  the  orbit  be  a  long  ellipse.  When 
the  head  arrives  at  aphelion  it  begins  to  be  accelerated  again 
tow^ards  perihelion,  while  the  separated  portions  of  the  tail  are 
yet  climbing  with  retarded  velocity  tow^ards  the  aphelion.  Of 
course  their  chance  of  overtaking  the  head  is  diminished  still 
more. 

At  the  next  and  at  each  return  of  the  comet  to  perihelion,  a  like 
separation  takes  place,  and  thus  the  materials  of  the  comet  be- 
come  gradually  strewn  around  the  orbit,  in  their  patches,  form- 
ing those  nebulous  bodies  that  produce  the  meteor-swarms  when- 
ever the  orbit  of  the  comet  happens  to  nearly  intersect  the  orbit 
of  the  Earth. 

This  tidal  theory  of  the  forms  of  comets,  and  of  their  disrup- 
tions w^ithout  scattering  the  fragments  into  outer  space,  beyond 
the  Solar  System,  as  the  repulsion  theory  requires,  is  the  only  one, 
so  far  presented,  that  accounts  for  the  Leonid,  the  Perseid,  and 
other  swarms  of  shooting  stars,  with  a  recognized  comet  pursu- 
ing the  same  general  orbit  as  the  meteoric  bodies  themselves* 

No  claim  is  hereby  made  to  any  originality  in  this  tidal  theory 
of  comets.  For  it  seems  obvious  that  it  ought  to  present  itself 
naturally  to  anyone,  as  it  did  to  me,  who  should  reject,  as  I  al- 
ways did,  the  repulsion  theory,  on  account  of  its  inconsistency 
with  the  abundantly  verified  Newtonian  Law  of  Gravity. 

On  speaking  to  a  mathematical  friend,  more  than  thirty  years 
ago,  of  this  tidal  theory  of  comets,  he  informed  me  that  he  had 
heard  that  such  a  theory  had  been  maintained  b_v  one  of  the 
Professors  at  Hamilton  College,  New^  York.  Professor  Newcomb 
mentions  that  Professor  B.  Peirce  of  Harvard  maintained  that 
the  nucleus  of  a  comet  must  possess  metallic  density  to  prevent 
its  being  torn  to  fragments  by  the  Sun*s  tidal  forces  at  perihelion. 
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Somewhere  about  1860  or  1861,  I  found  a  statement  by  M. 
Faye,  the  discoverer  of  the  comet  that  bears  his  name,  to  the  ef- 
fect that  on  seeing  the  great  comet  of  1843,  he  said  to  Arago, 
"There  is  a  magnificent  tide  prodnced  by  the  Sun  on  the  comet." 
"No,"  said  Arago,  **it  cannot  be  a  tide,  because,  if  it  were,  there 
should  be  a  tail  of  equal  length  pointing  towards  the  Sun,'^ 

Thereupon  M.  Faye  gave  up  the  idea  of  the  tide,  and  fell  back 
upon  the  repulsion  theory.  But  Arago  was  not  warranted  in 
poshing  so  closely  the  analogy  of  the  small  tides  on  so  small  a 
body^  and  so  great  a  mass,  as  the  Earth,  at  a  great  and  con- 
stant distance  moreover  from  the  disturbing  body,  to  the  ex- 
treme case  of  the  large  bodies,  small  masses,  and  greatly  vary- 
ing distances  of  the  comets  from  the  Sun. 


OBSERVATIONS    OF    JUPITER    MADE    WITH    THE    16-INCH    EQUA- 
TORIAL OF  GOODSELL  OBSERVATORY.* 


H.  C.  WILSON. 


During  the  fall  and  winter  of  1891, 1  have  observed  the  planet 
Jupiter  on  quite  a  number  of  nights,  with  the  16-inch  equatorial 
of  Goodsell  Observatory.  On  several  nights  sketches  were  made 
of  the  detail  which  could  be  seen.  Four  of  these  sketches  are 
given  with  this  paper  (Plate  VII.).  As  some  of  the  notes  made 
may  be  of  interest  to  amateur  astronomers,  I  give  the  substance 
of  them  here. 

Aug.  31,  1891,  12^  30'"  central  time.— A  sketch  (No.  1)  shows 
eight  belts,  one  of  them  exceedingly  narrow  and  lying  almost  ex- 
actly on  the  planet's  equator.  On  the  northern  edge  of  the  first 
northern  belt  near  the  meridian  are  two  small  dark  spots  with  a 
white  spot  between  them.  On  the  southern  edge  of  the  next 
northern  belt  are  two  more  small  dark  spots.  All  of  these  dark 
spots  are  sUghtly  elongated  parallel  to  the  equator. 

Sept.  3,  12»*  lb'",  12»>  20'"  central  time.— Sketch  (No.  2)  shows 
eight  belts,  one  very  narrow  one  lying  close  to  the  planet's 
equator.  The  great  red  spot  has  its  preceding  end  on  the  meri- 
dian. Just  south  of  this  on  the  meridian  is  a  small  white  spot. 
Another  white  spot  is  on  the  same  parallel  nearly  half  way  to 
the  preceding  limb  of  the  planet.  Beyond  this  the  belt  in  which 
the  white  spots  lie  is  very  dark.  The  belt  where  it  passes  the 
great  red  spot  seems  to  be  pushed  aside,  not  resuming  its  orginal 

^  Cawmiwiicated  by  the  author. 


latitude  until  it  is  some  distance  past  the  spot.  There  are  three 
small  dark  spots  in  the  second  northern  belt  and  two  in  the  third 
northern  belt.    All  five  are  past  the  meridian. 

Sept.  25,  11^' central  time. — Partial  sketch  shows  the  great  red 
spot  on  the  meridian.  The  spot  encroaches  upon  the  belt  just 
south,  apparently  pushing  it  aside  and  making  it  denser,  as  a 
stream  of  water  is  made  deeper  by  being  forced  through  a  nar- 
row channel.  Five  small  white  spots  are  seen  in  this  belt,  one  in 
conjunction  with  the  preceding  end  of  the  great  red  spot,  another 
near  the  following  end  of  the  red  spot.  The  great  southern  belt 
is  very  much  darkened  in  the  portion  opposite  the  preceding  end 
of  the  great  red  spot.  There  are  two  small  dark  spots  in  the 
north  edge  of  the  first  northern  belt  near  tlie  following  limb  of 
the  planet.  The  center  of  the  gi*eat  red  spot  was  not  ciuite  up  to 
the  central  meridian  at  10:50;  on  meridian  at  10:54;  certainly 
past  meridian  at  10:58  central  time. 

Oct  8.— Long  red  spot  in  second  southern  belt  had  its  center  on 
the  central  meridian  of  Jupiter  at  10*'  12""  ±  2'"  central  time. 
This  spot  is  very  prominent,  bright  crimson  in  color,  almost  a 
parallelogram  in  shape. 

Oct.  15,  8^  30'".— A  white  spot  south  following  the  great  red 
spot  was  on  meridian  at  8'^  30*".  The  sketch  (No»  3)  shows  the 
great  red  spot  half  way  from  the  meridian  to  the  left  limb  of  the 
planet.  The  central  portions  are  covered  with  a  white  cloud. 
The  great  southern  belt  is  very  intense  especially  near  the  great 
spot,  and  is  curiously  narrowed,  like  a  pencil  point,  toward  the 
left.  On  the  northern  edge  of  this  belt  about  half  way  from  the 
center  to  the  east  limb  is  a  curious  projection  curved  to  the  left 
with  a  white  indentation  preceding  it.  The  second  southern  Ijelt 
is  strangely  curved  to  the  south  connecting  with  the  next  belt. 
The  narrow  belt  on  the  equator  is  distinctly  shown. 

Oct.  1;7,^A  round  white  spot  preceded  by  a  very  dark  shading, 
on  the  lower  edge  of  the  great  southern  belt,  was  at  the  central 
meridian  at  8^  20™.  Great  red  spot  a  little  more  than  half  way 
from  meridian  to  left  edge  of  disk. 

Oct,  30. — Shadow  of  Satellite  III  was  noticed  beginning  transit 
at  6**  18™.  Satellite  I  reappearing  from  eclipse  was  first  noticed 
at  7*^  08"  35*;  very  faint;  it  had  regained  its  normal  brightness 
at  7^  11>"  35V 

Nov*  9.^ — While  showing  Jupiter  to  visitors  I  noticed  the  three 
satellites  (I,  HI  and  IV)  in  the  form  of  a  small  triangle  to  the 
left  of  (preceding)  the  planet.  The  upper  one  of  the  three  is 
much  fainter  and  bluer  in  color  than  the  other  two.    [The  upper 
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one  was  IV.  The  transit  of  its  shadow  had  occurred  two  or 
three  honrs  earlier.  A  rough  sketch  indicates  that  III  was 
about  twice  as  bright  as  I  and  the  latter  twice  as  bright  as  IV]. 

NoY.  16,  7"*  central  time.— Satellite  IV  is  much  fainter  than  any 
of  the  others  and  of  a  darker  color.  Air  hazy.  [IV  was  on  left 
side  of  planet.    Occultation  occurred  13  hours  later]. 

NoY.  17,  7*^8**. — Satellite  III  reappeared  from  eclipse  just 
above  (south  of)  IV,  while  I  was  examining  the  latter.  I  first 
noticed  it  at  7**  28™  50»,  when  the  appearance  of  the  two  satel- 
lites was  that  of  a  very  unequal  double  star.  At  7^  29™  40%  the 
two  were  equal  in  brightness  and  a  minute  later  III  was  at 
least  twice  as  bright  as  IV.  Ill  was  perceptibly  elongated  while 
coming  out  of  eclipse,  but  round  afterward.  [IV  was  then  on 
the  right  side  of  the  planet,  about  to  be  eclipsed  an  hour  later. 
No  note  is  made  of  color  and,  as  I  now  recollect,  it  did  not  diflFer 
much  from  that  of  the  other  satellites]. 

Nov.  19. — The  long  red  patch  in  the  second  belt  south  of  Jupi- 
ter's equator  was  on  the  central  meridian  at  8**  18™. 

Nov.  23.— Sky  hazy  and  image  fuzzy  except  at  moments.  I 
was  surprised,  as  I  have  been  several  times  lately,  by  the  faintness 
and  bluish  color  of  satellite  IV.  This  satellite  was  on  the  left  of 
the  planet,  about  %  diameter  distant,  and  approaching.  The 
satellites  on  the  left  of  the  planet  form  a  descending  series  as  to 
their  apparent  diameters.  The  one  farthest  out  has  double  the 
diameter  of  the  next  and  that  double  the  diameter  of  the  one 
nearest  the  planet.  These  are  not  the  real  disks  of  the  satellites 
but  are  enlarged  by  poor  definition.  [I  find  on  comparison  with 
the  American  Ephemeris  that  the  satellite  supposed  to  be  IV  in 
the  above  observation  was  really  II.  IV  was  on  the  right  of  the 
planet  and  according  to  the  sketch  was  about  equal  to  I  in 
brightness.    The  satellites  on  the  left  were  in  order  III,  I,  II.] 

Dec.  12,  7**. — While  showing  Jupiter  to  visitors  I  was  surprised 
by  the  faintness  and  purple  color  of  satellite  IV,  which  had  only 
a  couple  hours  before  passed  off  from  the  face  of  the  planet.  The 
contrast  between  its  light  and  that  of  III,  which  was  very  near 
it,  was  very  striking.    IV  was  very  much  fainter  than  I  and  II. 

Dec.  17,  4>  30™.— Sketch  (No.  4)  shows  great  red  spot  east  of 
central  meridian.  White  spot  exactly  over  its  center  surrounded 
by  dark  shading.  Both  spots  on  meridian  at  4^  44™.  The  great 
southern  belt  seems  narrower  than  usual  and  on  its  northern 
edge  is  a  series  of  five  projections  all  curving  backward  toward 
the  east  limb.  The  white  equatorial  belt  is  far  from  white,  being 
filled  with  dusky  details  which  are  seen  indistinctly  and  cannot 
be  sketched.    The  narrow  dark  belt  on  the  equator  is  not  seen. 


Dec.  18,  7**.— The  three  visible  satellites  (IV,  I  and  III)  all  had  a 
a  reddish  yellow  tint,  darker  than  the  planet,  which  wasi  very 
white  between  the  dark  belts.    Definition  poor. 

Jan.  2,  1892,  5^  and  7^  SO"".— The  satellites  were  all  of  the 
same  color,  yellowHsh  white,  and  nearly  the  same  brightness. 
The  three  on  the  right,  III,  I  and  II,  were  almost  exactl^^  equal  in 
brightness  and  color.    Magnifying  power  200  and  3(^0, 

Jan.  4-,  5**  45'".— Definition  fair.  White  spot  on  central  meri- 
dian in  middle  of  first  dark  belt  south  of  equator.  A  small  dark 
spot  immediately  follows  and  another  precedes  it  by  one-fifth  di- 
ameter of  Jupiter's  disk  on  the  same  parallel  of  latitude.  The 
satellites  are  all  of  nearly  the  same  color,  yellowish  white,  but 
differ  greatly  in  brightness.  In  order  of  brightness  they  are  lY, 
I,  II,  IIL 

Jan.  23,  4^^  30"^— Satellites  of  Jupiter  were  all  of  the  same 
color,  yellowish  white.  Satellite  IV  was  the  faintest  and  possi- 
bly a  little  darker  in  color  than  the  others.  This  satellite  was  on 
the  right  side  of  the  planet,  having  just  reappeared  from  eclipse. 

On  every  occasion  when  the  great  red  spot  was  seen  it  was  con- 
spicuous, having  a  light  red  or  pink  color,  quite  different  from 
that  of  the  belts  on  either  side.  It  gave  me  the  impression  al- 
way^s  of  being  at  a  higher  level  than  the  other  dark  markings. 
The  permanence  of  outline  of  this  spot  and  of  the  great  belt  on 
its  north  and  the  clear  white  channel  between  them  would  sug- 
gest a  surface  of  a  comparativel)"  solid  nature  rather  than  that 
of  cloud  formation.  Yet  a  comparison  of  the  drawings  accom- 
panying this  paper  will  reveal  man^^  marked  changes  in  other 
portions  of  the  planet's  surface. 

It  has  been  a  disputed  question  whether  the  portions  of  the 
belt  next  south  of  the  great  red  spot,  which  have  the  same  lati- 
tude and  a  shorter  period  of  rotation  than  the  latter,  passed 
over  or  around  it.  It  has  seemed  to  me  at  each  observation  that 
the  dark  belt  on  coming  up  to  the  spot  was  forced  aside,  there 
being  nearly"  always  a  very  narrow  line  of  white  between  the  belt 
and  spot.  Only  on  one  occasion  did  the  belt  seem  to  encroach 
upon  the  spot  and  that  was  when  the  seeing  was  poor. 

The  few  notes  which  I  have  upon  the  brightness  of  the  satel- 
lites go  to  confirm  the  view  which  has  been  expressed  by  several, 
that  the  variations  of  brightness  always  occur  in  the  same  parts 
of  the  orbits  about  Jupiter,  In  each  case  when  IV  was  noted  as 
especially  faint,  it  was  but  a  short  distance  to  the  left  (west)  of 
the  planet  having  just  passed  off  from  the  planet's  disk, 

I  have  not,  in  any  case,  been  able  to  see  any  markings  upon  the 
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satellites.  In  the  best  seeing,  the  disks  have  always  seemed  per- 
fectly round  except  in  one  instance  when  satellite  III  was  plainly 
elongated,  the  position  angle  of  the  elongation  being  abont  30° 
less  than  that  of  the  belts  of  the  planet.  The  satellite  was  on 
the  preceding  side  of  the  planet  about  to  disappear  by  occupa- 
tion.  Unfortunately  no  memorandum  was  made  at  the  time  of 
this  observation  so  that  I  cannot  now  tell  the  date. 


THE  OBSERVATION  OP  SPOTS  AND  MARKINGS  OP  THE    PLANET 

JUPITER,* 


G.  W.  HOUGH.f 


In  the  publications  of  the  Astronomical  Societj'  of  the  Pacific, 
Xo.  5,  and  more  recently  in  the  Monthly  Notices  of  the  Royal  As- 
tronomical Society,  November,  1891,  Professor  Barnard  of  the 
Lick  Observatory,  has  called  attention  to  a  statement  I  made 
some  years  ago  in  relation  to  the  value  of  micrometer  meas- 
ments  for  fixing  the  longitude  of  spots  on  the  planet  Jupiter. 

Professor  Barnard  from  eleven  observations  of  the  Great  Red 
Spot,  made  at  Lick  Observatory  in  1891,  with  a  12-inch  object- 
glass,  as  well  as  from  observations  made  at  Nashville  in  1880-82 
with  a  5-inch  object-glass,  has  attempted  to  prove  that  eye- 
estimates  are  as  exact  as  micrometer  measurements,  for  deter- 
mining the  time  of  passage  of  the  Red  Spot  over  the  central 
meridian  of  Jupiter. 

From  what  has  already  been  published  by  others,  regarding 
the  various  sources  of  error  incident  to  the  method  of  eye- 
estimates,  I  imagined  that  the  subject  was  no  longer  open  for 
serious  discussion. 

It  seems  to  me  that  an  eye  estimate  for  longitude  on  Jupiter,  in 
point  of  accuracy,  holds  about  the  same  relation  to  micrometer 
work,  as  the  estimation  of  the  position  angle  and  distance  of  the 
components  of  a  double  star  does,  to  direct  micrometrical  meas- 
urement. 

In  the  Monthly  Notices  of  the  Royal  Astronomical  Society  for 
May,  1880,  Professor  Marth,  who  for  so  many  years  has  given 
us  his  invaluable  ephemerides,  has  compared  with  an  ephemeris 
the  observations  made  by  thirteen  different  observers,  on  the 
Great  Red  Spot  in  1879. 

•  CommtiTiicated  by  the  author. 

t  Director  of  Dearborn  Observatory,  Northwestern  University. 


He  sa3rs:  **  The  discrepancies  between  the  observations  of  dif- 
ferent observers  and  on  different  daj^s  point  to  the  existence  of 
some  grave  source  of  error." 

A  comparison  of  these  obser^'ations  shov^^s  that  on  some  days, 
the  observers  differed  as  much  as  eleven  minutes  in  the  time  of 
passage  of  the  center  of  the  Red  Spot  over  the  central  meridian. 

The  average  *'  mean  *'  error  may  be  placed  at  about  ±  2.5"". 

The  observations  also  indicate  a  personal  equation,  for  each 
observer ;  the  constant  difference  between  two  well-known  as- 
tronomers amounting  to  6.5'*'. 

In  the  Astronomische  Nachrkhten,  No,  2342,  Dr,  Schmidt,  of 
Athens,  from  the  reduction  of  180  observations,  found  a  **mean  " 
error  of  ±  2.57'"  for  the  time  of  passage  of  the  center  of  the  Red 
Spot  over  the  central  meridian.  For  good  definition  he  gives  the 
average  error  ±  2'"  and  for  poor  definition  ±  5"\ 

In  the  Astr.  Nach,  No.  2410,  Dr.  Schmidt  has  determined  the 
personal  equation  error  for  a  large  number  of  observers.  As 
compared  with  his  own  observations,  the  personal  equation  of 
different  observers  varies  between  +  3.6'"  and  —  5. 8*". 

He  also  found  a  systematic  error  depending  on  the  hour-angle 
of  the  planet,  due  to  the  position  of  the  equator  of  the  planet  to 
the  line  of  sight.   The  maximum  correction  for  th^s  error  was  7"*. 

With  these  facts  before  us,  regarding  the  gross  possible  errors 
incident  to  the  method  of  eye  estimates,  it  seems  to  me  rather 
late  to  claim  for  it  any  great  degree  of  precision. 

Professor  Barnard's  excellent  observations  of  the  passage  of 
the  Red  Spot  over  the  central  meridian  in  1891,  are  certainly 
as  good  as  the  best  micrometer  work,  but  I  think  these  particu- 
lar observations  should  be  regarded  as  a  happy  accident  rather 
than  a  demonstration  of  the  vakie  of  the  method  of  observation. 

Professor  Barnard  is  a  very  careful  observ^er,  and  the  Nashville 
observations  are  excellent  for  the  size  of  the  instrument  used,  but 
when  he  claims  a  **mean  '*  error  of  ±  0,P"  for  observations  made 
with  a  5-inch  object-glass  and  a  power  137,  I  think  he  has  been 
too  hasty  in  his  conclusions. 

He  says:    *'In  twenty-three  of  these  transits   three  estimates! 
were  made  of  each  phase  (the  ends  and  middle  of  the  spot)  from" 
these  I  get  for  the  transit  of  the  middle  of  the  mean  of  the  nine 
observations,  the  error  of  the  transit  ^=  ±  O.?"^/' 

I  do  not  quite  understand  what  he  means  by  "three  estimate 
of  each  phase/'  There  is  only  one  instant  for  the  time  of  transit 
and  assuming  a  great  number  of  different  times  certainly  w^ill  not 
improve  its  value.    A  comparison  of  the  observations  made  dur- 
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ing  any  opposition  with  an  ephemeris  which  will  best  satisfy 
them  all  will  indicate  the  average  accidental  error  on  each  day, 
but  may  not  show  the  personal  equation  or  other  constant 
errors. 

In  order  to  get  a  "  mean  "  error  of '±  0.7"  on  the  time  of  transit 
of  the  Red  Spot  over  the  central  meridian,  one  must  be  able  to 
bisect  the  disk  of  the  planet  as  well  as  the  Red  Spot,  each  within 
C'.IO  of  arc  at  mean  distance;  and  this  degree  of  accuracy  must 
be  accomplished  by  a  single  estimation. 

The  error  in  astronomical  observations  of  all  kinds  greatly  ex- 
ceeds this  limit.  The  method  of  transits,  owing  to  the  apparent 
slow  motion  of  the  spots  and  the  absence  of  a  visible  meridian,  is 
not  susceptible  of  great  precision.  A  very  good  illustration  of 
the  conditions  involved  is  to  imagine  a  clock  dial  without  any 
minute  hand  and  all  the  divisions  erased  except  III  and  IX. 
Under  these  circumstances  the  problem  is  to  determine  when  the 
hour  hand  is  midway  between  III  and  IX,  or  when  it  is  12 
o'clock. 

It  appears  probable  that  the  determination  of  noon  from  a 
clock  dial  arranged  in  this  way  would  be  affected  by  all  the  var- 
ious sources  of  error  found  by  Dr.  Schmidt  for  Jupiter  observa- 
tions. On  the  other  hand  if  one  should  make  repeated  measure- 
ments of  the  position  of  the  hand  with  reference  to  III  and  IX, 
the  time  of  noon  could  be  ascertained  with  any  required  degree  of 
precision. 

The  micrometer  method  offers  the  following  advantages  in  the 
determination  of  longitudes  on  Jupiter: 

1st.  A  great  saving  of  time. 

2d.  The  measures  are  referred  to  a  visible  meridian,  viz.:  the 
limbs  of  the  planet. 

3rd.  The  ability  to  make  numerous  repetitions  of  the  same 
quantity. 

The  longitude  of  a  spot,  or  the  time  of  passage  over  the  central 
meridian  of  the  disk,  can  be  determined  with  the  micrometer  at 
any  distance  from  the  central  meridian,  provided  it  is  wholly  on 
the  disk.  I  have  occasionally  observed  spots  at  1*^  20™  before  or 
after  their  passage  over  the  central  meridian.  Owing,  however, 
to  greater  difficulty  in  seeing  objects  so  far  from  the  center  of  the 
disk  as  well  as  to  possible  errors  in  the  adopted  constants  for  re- 
duction, viz.:  size  of  the  disk,  length  and  latitude  of  the  object 
observed,  such  measures  are  liable  to  greater  error  than  when 
made  nearer  the  central  meridian. 


The  following  example  of  the  observations  of  the  Great  Red 
Spot  on  Nov.  1st,  1880,  will  illustrate  the  micrometer  method: 

Two  sets  of  measures  were  made  when  the  spot  wjis  on  the 
following  side,  one  set  near  the  middle  of  the  disk»  and  two  more 
sets  when  on  the  preceding  side. 

t    =  mean  of  the  times  when  the  measures  were  made. 

m  =  distance  from  the  central  meridian,  reduced  to  mean  dis- 
tance. 

Jt—  reduction  in  time, 

T  =  time  of  transit  over  the  central  meridian. 
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In  1880—82  I  made  a  number  of  sets  of  measures  on  each  night 
to  ascertain  Avhat  degree  of  precision  could  be  reached,  but  usual- 
ly the  obsei*vation  consists  of  a  single  set  of  three  or  four  bisec- 
tions for  each  limb.  The  latitudes  are  determined  in  precisely  the 
same  way. 

To  sum  up  the  whole  matter,  it  seems  to  be  proved  from  the 
observations  which  have  been  made  by  welUknowm  astronomers, 
as  well  as  from  the  theoretical  consideration  of  the  problem, 
based  on  our  knowledge  regarding  astronomical  observations  in 
general,  that  the  method  of  transits  for  ascertaining  the  time  of 
passage  of  the  Red  Spot  over  the  central  meridian  of  Jupiter  is 
necessarily  subject  to  a  mean  error  of  at  least  ±  2.5*",  and  a  pos- 
sible error  three  or  four  times  as  great.  Aside  from  the  accidental 
error  the  personal  equation  of  an  observer  may  amount  to  a 
number  of  minutes. 

From  %vhat  1  have  said  on  this  subject  it  is  not  to  be  inferred 
that  I  consider  eye  estimates  of  no  value.  All  obser\"ations  of 
planetary  phenomena  are  valuable  and  during  the  past  tw^elvc 
years  manj'  important  contributions  in  regard  to  ph^^sical  phe- 
nomena on  Jupiter  have  been  made  by  amateurs  and  others. 

I  wish,  however,  to  state  emphatically  that  when  it  is  neces- 
sary to  get  precise  measures  either  of  longitude,  latitude  or  mag- 
nitude of  objects  on  the  disk  of  Jupiter,  the  micrometer  is  vastly 
superior  to  any  system  of  estimation. 
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DISCOVERY  OF  NEBUL^.^ 


LEWIS  SWIFT.t 


The  success  of  the  past  year  in  the  discovery  of  nebulae  has  not 
equalled  that  of  the  few  years  previous,  or  since  the  assumption 
of  the  directorship  of  the  Warner  Observatory,  for  two  reasons, 
viz.:  first,  from  the  presence  of  haze,  clouds,  and  moonlight,  the 
season  has  been  exceptionally  unfavorable;  and  second,  from  the 
sky  illumination  from  the  increased  number  of  electric  street 
lights  now  in  nearly  every  part  of  the  city.  And  as  this  method 
of  street  lighting  has  come  to  stay,  at  least  until  some  indiscreet 
individual  shall  invent  one  still  more  damaging  to  delicate  astro- 
nomical observation,  I  thought  that  perhaps  some  time  might 
elapse  ere  my  tenth  catalogue  of  100  nebulae  could  be  attained,  so 
I  have  just  sent  to  the  Astronomiscbe  Nacbricbten  a  list  of  60 
nebulae  discovered  since  the  publication  of  my  ninth  regular  cata- 
logue, a  little  more  than  one  and  a  half  years  ago. 

So  detrimental  has  this  sky  illumination  become  that  I  am 
seriously  questioning  whether  I  shall  not  be  obliged  to  altogether 
abandon  the  search  for  nebulae  and  take  up  some  other  branch  of 
work.  Though,  like  the  stars,  the  nebiilae  are,  doubtless,  endless 
in  number,  yet  there  is  probably  not  a  single  undiscovered  bright 
one  in  the  heavens,  so  thoroughly  has  the  sky  been  searched  by 
such  persistent  gleaners  as  Sirs  William  and  John  Herschel, 
D'Arrest,  Lord  Rosse,  Stephan,  Marsh,  Tempel,  Stone,  Messier 
and  many  others.  The  entire  sky  does  not,  probably,  hold  a 
dozen  so  bright  as  HerschePs  Class  II,  and  very  few  as  bright  as 
his  Class  III  yet  remain  undiscovered  between  the  pole  and  25° 
south  of  the  equator.  A  very  large  proportidn  of  the  nebulae  in 
my  several  lists  are  very  much  fainter  than  the  faintest  of  Sir 
Wm.  Herschel's  Class  III,  his  faintest. 

To  prosper  in  their  finding  henceforth  the  observer  must  be  the 
possessor  of  a  large  telescope  with  a  suitable  eye-piece  made  es- 
pecially for  this  work,  which  quest  he  should  be  enthusiastically 
in  love  with,  and  he  must  have  a  keenness  of  vision  not  vouch- 
safed to  everyone,  which  he  has  still  farther  improved  and  intensi- 
fied by  long  practice  in  observing  what  Sir  John  Herschel  declared 
to  be  so  faint  as  to  be  almost  spiritual. 

I  have  been  led  to  these  remarks  by  an  exceeding  effort  of  vis- 
ion of  a  few  nights  since  in  endeavoring  to  re-find  a  nebula  dis- 
covered on  Dec.  23,  1889,  but  which  I  could  not  subsequently  re- 
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cover,  andf  therefore,  concluded  it  must  have  been  a  comet.  It 
is  No.  13  of  my  ninth  catalogue  where  it  stands  described  as 
**  Exceedingly,  exceedingly  faint,  pretty  large,  round,  first  of 
three.  In  line  with  N.  G.  C.  1417-18.  Cometary.  Unable  to 
re-find  it.  Seeing  good.  Failed  also  at  Harvard  College  Obser- 
vatory/' 

In  Monthly  Notices  of  December,  1891*  Dr.  Dreyer,  Compiler  of 
the  N.  G.  C.  and  Director  of  Armagh  Observatory,  Ireland,  says 
he  several  times  at  Lord  Rosse's  Observatory  saw  all  three  of 
these  nebulae,  and,  again,  on  several  occasions  could  not  find 
them  though  looked  for.  Connecting  his  own  observations  with 
those  of  Sir  John  Herschers  and  with  mine,  and  with  D'Ar- 
rest's  failure  to  find  it,  he  suggests  that  it  is*  possibly,  a  variable. 
Fortified  with  these  facts,  I,  on  Jan,  31st  ult,»  essayed  to  find  the 
missing  nebula.  The  two  wdth  ^vhich  it  w^as  in  line,  were  easily 
seen,  but  not  even  a  glimpse  of  the  other,  using  a  power  of  132- 
Changing  the  eye-piece  to  one  giving  a  power  of  195,  I,  after  a 
prolonged  endeavor,  gained  two  glimpses  of  the  object  but  they 
almost  instantly  vanished. 

The  suspect  w^as  not  exactl3^  in  line  wnth  the  other  two  but  a 
little  north,  agreeing  with  Sir  John  Herschel's  observation*  Sir 
William  Herschel  never  saw  this  nebula,  as  has  long  been  sup- 
posed. 

I  have  given  some  thought  to  the  unraveling  of  the  mystery 
hanging  over  this  object,  and  the  following  solution  is  satisfac- 
lory  to  myself,  at  least;  viz.:  that  its  first  discovery  was  by  Sir 
John  Herschel,  who  recorded  it  as  No.  305  of  his  own  Catalogue, 
erroneously  considering  it  as  identical  with  Sir  William's  III  569 
(New  General  Catalogue,  1397),  In  trying  to  reconcile  this  dis- 
^crepancy,  D'Arrest  was  unable  to  find  it.  Subsequently,  it  was 
1,  on  several  occasions,  as  I  have  said,  by  Dr.  Dreyer,  but  was 
not  again  found  until  picked  up  by  myself  as  above  stated*  Sir 
John  Herschel  does  not  describe  it ;  he  only  says,  '*  First  of  three; 
one  observation/* 

If  it  be  not  variable,  which  I  can  hardly  believe  it  to  be,  it 
seems  strange  that,  on  one  occasion,  I  should  have  so  easily  ob- 
ser\'ed  it  in  sweeping,  while,  ever  afterward,  I  have  not  been  able 
to  find  it  even  with  the  most  persistent  effort,  and,  with  the 
knowledge  of  its  exact  position  relative  to  the  other  two  in  the 
same  field.  That  Dr.  Dreyer,  too,  failed,  on  several  occasions,  to 
find  it  while  well  kiiowing  its  place,  seems  unaccountable,  if  it 
niaintain  a  uniform  degree  of  brightness. 

Warner  Observatory, 
Rochester,  N.  Y.,  Feb.  11,  1892. 


Astro-Phvsics. 


THE   OBJECTIVE  PRISM/ 


Two  methods  have  been  used  for  photographing  the  spectra  of 
the  stars.  The  first  of  these  methods,  placing  a  large  prism  over 
the  objective  of  a  telescope,  was  that  employed  by  Fratmhofer  in 
observing  stellar  spectra  visually.  It  was  also  used  by  Secchi  for 
the  same  purpose.  The  second  method  consists  in  receiving  on 
the  slit  of  a  spectroscope  the  image  of  a  star  formed  at  the  focus 
of  a  telescope.  This  method  was  used  by  Dr.  Draper  and  Dr. 
Huggins,  and  is  that  now  employed  at  the  Potsdam  Observatory. 
The  first  of  these  methods  has  been  used  at  the  Harvard  College 
Observatory  during  the  la^t  seven  years.  It  possesses  the  advan- 
tages that  the  loss  of  light  is  very  small,  the  spectra  of  all  stars 
contained  in  the  field  of  the  instrument  are  photographed  and 
slight  errors  in  the  clock  driving  the  telescope  are  unimportant. 
In  fact  the  clock  is  made  to  run  a  little  faster  or  slower  than  side- 
real time,  since  otherwise  the  image  of  each  star  would  be  spread 
into  a  narrow  line  in  which  the  spectral  lines  could  not  readily  be 
distinguished.  By  the  change  in  rate  this  line  moves  over  the 
plate  at  right  angles  to  its  length,  forming  a  band  whose  width 
depends  on  the  rate  of  the  clock  and  the  duration  of  the  exposure. 
If  the  deviation  from  sidereal  time  is  small,  the  image  moves 
slowly  over  the  plate,  and  a  photograph  will  be  obtained  even  if 
the  star  is  very  faint.  In  this  case  a  long  exposure  should  be 
used,  otherwise  the  band  will  be  too  narrow.  A  variation  in  the 
rate  of  the  clock,  or  other  change  affecting  the  right  ascension, 
will  only  alter  the  density  and  breadth  of  the  spectra.  A  varia- 
tion in  the  differential  refraction  or  other  change  affecting  the  dec- 
lination will  alter  the  direction  of  the  spectral  lines,  rendering 
them  oblique  or  curved  instead  of  perpendicular  to  the  direction 
of  the  spectrum.  This  will  not  affect  the  intensity  of  the  image. 
With  a  slit  spectroscope,  the  image  of  the  star  must  be  kept  ex- 
actly on  the  slit,  the  least  deviation  causing  all  the  light  to  be 
lost.  It  has,  however,  the  great  advantage  that  a  comparison 
spectrum  may  be  photographed  by  the  side  of  the  stellar  spec- 
trum, and  the  true  wave-lengths  thus  determined  directly.  This 
advantage  is,  however,  apparent  rather  than  real,  since  the  hy- 
drogen and  other  solar  lines  are  present  in  nearly  all  the  stars, 
and  the  wave-lengths  of  any  additional  lines  may  be  determined 
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differentially  from  them.  When,  however,  we  wish  to  obtain  the 
absolute  wave-lengths  of  these  lines  in  order  to  measure  the  ap- 
proach or  recession  of  the  stars,  the  slit  spectroscope  has  hitherto 
alone  been  used.  This  seems  to  be  the  only  portion  of  this  work 
for  which  the  objective  prism  cannot  be  employed.  Experiments 
are  still  in  progress  (see  H.  C.  O,  Annals,  YoL  XXVI,  Part  I,  page 
XX,)  by  which  it  is  hoped  this  difficulty  ma}-  be  overcome.  The 
success  of  these  experiments  would  permit  a  fixed  reference  line  to 
be  photographed  upon  the  spectrum  always  having  the  sameposi- 
tion  with  regard  to  it.  The  precision  with  which  measures  of 
the  spectral  lines  can  be  made  is  sufficient  to  determine  the  ap- 
proach or  recession  with  great  accuracy,  if  only  the  reference  line 
can  be  measured  eqiialh^  well.  If  this  can  be  done  the  slit  spec- 
troscope will  possess  but  few  advantages  over  the  objective 
prism.  By  the  latter  method  equalh'  good  definition  may  be  ob- 
tained, since,  as  the  loss  of  light  is  smaller,  greater  dispersion 
may  be  used.  With  the  brightest  stars,  however,  it  is  difficult  to 
obtain  a  dispersion  sufficient  to  utilize  the  full  advantages  of  this 
method.  With  a  large  telescope  the  prism  would,  of  course,  l^e 
heavy,  expensive,  and  fi'om  its  thickness,  would  cause  consider- 
able loss  of  light.  The  objective  prism  has  special  advantages  in 
studying  the  spectra  of  the  faiiuer  stars,  since  all  in  the  field  of 
the  Lelescope  may  be  photographed  simultaneously.  If  a  photo- 
graphic doublet  is  used  for  an  objective  all  stars  of  sufficient 
brightness  in  a  region  ten  degrees  square  may  be  photographed 
at  once.  In  some  cases  several  hundred  spectra  appear  upon  a 
single  8  X  10  plate. 

With  means  furnished  by  Mrs.  Draper  the  si>ectra  of  the 
stars  have  been  photogi*aphed  at  the  Harvard  College  Observa- 
tory as  a  memorial  to  her  husband,  the  late  Dr.  Henry  Draper, 
For  the  brighter  stars  a  telescope  having  an  aperture  of  eleven 
inches,  and  corrected  for  the  photographic  rays,  has  been  em- 
ployed. Four  large  prisms  were  placed  over  the  objective  and 
gave  spectra  about  six  inches  in  length.  By  staining  the  plate 
with  erythrosin,  the  sodium  line  D  was  photographed  in  the 
brighter  stars,  both  components  being  readily  shown. 

For  the  fainter  stars  one  or  two  prisms  only  were  em- 
ployed. When  the  prisms  were  first  attached  to  the  end  of  the 
telescope,  as  their  entire  weight  was  about  one  hundred 
pounds,  heavy  weights  were  fastened  to  the  other  end  of  the  tube 
of  the  telescope,  and  also  to  the  end  of  the  declination  axis.  It 
was,  consequently,  a  laborious  and  i>erhaps  dangerous  operation 
to  remove  and  replace  the  prisms.    Therefore  spectra  and  chart 
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photographs  could  not  readily  be  taken  on  the  same  night.  A 
great  improvement  on  this  process  was  to  remount  the  prisms  in 
square  boxes,  which  could  be  slid,  like  the  drawers  in  a  bureau, 
into  a  large  box  permanently  attached  to  the  cell  of  the  objective. 
A  series  of  cast  iron  rings  could  be  bolted  to  the  tube  of  the  tele- 
scope, the  weight  of  each  ring  being  such  that  it  would  compen- 
sate for  the  weight  of  the  corresponding  prism.  As  .each  prism 
was  removed  a  ring  was  attached,  and  it  thus  became  unneces- 
sary to  change  the  counterpoise  at  the  further  end  of  the  tele- 
scope and  declination  axis.  It  was  still  difficult  for  one  person 
to  make  the  change  and  much  time  was  lost  if  frequent  changes 
were  required.  The  method  now  employed  of  attaching  the 
large  prisms  to  the  telescope  is  shown  in  the  accompanying 
engraving  (Plate  VIII).  Two  of  the  prisms  only  are  now 
used  and  they  are  mounted  in  a  square  brass  box.  This  is  at- 
tached to  the  end  of  the  telescope  by  a  form  of  link  motion.  A 
cast  iron  bar  is  fastened  to  a  pivot  on  each  side  of  the  cell,  the 
line  connecting  the  pivots  passing  through  the  centre  of  gravity 
of  the  prisms  and  box.  The  bars  are  also  free  to  turn  around 
pivots  attached  near  the  end  of  the  tube  of  the  telescope.  At  the 
farther  end  of  each  bar  is  placed  a  counterpoise  exactly  balanc- 
ing the  prism  and  box,  so  that  the  latter  will  remain  in  equili- 
brium in  any  position.  Two  links,  one  on  each  side  of  the  square 
box,  connect  its  end  with  pivots  attached  to  the  tube  of  the  tele- 
scope. The  dimensions  are  such  that  in  one  position  the  box  con- 
taining the  prisms  lies  flat  against  the  end  of  the  cell  and  in 
another  against  the  side  of  the  tube.  The  first  of  these  positions 
is  shown  in  the  photograph.  Accidental  movements  of  the  prism 
are  prevented  by  small  pins  attached  to  the  bars  by  chains.  The 
prisms  can  thus  be  removed  and  replaced  in  a  few  seconds  with- 
out disturbing  the  balance  of  the  telescope.  About  4,400  photo- 
graphs have  been  obtained  with  this  instrument  since  January, 
1886.  They  include  the  spectra  of  all  stars  north  of  —  30°  and 
sufficiently  bright  to  be  photographed  in  this  way.  Among 
other  interesting  results  this  has  led  to  the  discovery  that  C  Ursae 
Majoris,  fi  Aurigae,  and  probably  (i  Lyrae  are  close  binaries.  An 
expedition  has  been  sent  to  Peru  and  similar  photographs  of  the 
southern  stars  are  now  being  taken  with  a  telescope  having  an 
aperture  of  thirteen  inches. 

In  a  second  investigation  the  Bache  telescope  is  used,  which  has 
a  photographic  doublet  for  an  objective  having  an  aperture  of 
eight  inches.  The  advantages  of  this  form  of  instrument  for 
photographing  very  faint  celestial  objects  were  first  recognized 
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by  the  writer  in  1869,  when  preparing  to  observe  the  total 
eclipse  of  the  Sun  of  that  year  in  Mt.  Pleasant,  Iowa.  As  the 
usual  methods  were  inadequate  to  photograph  the  faint  exter* 
ior  portions  of  the  solar  corona,  a  local  photographer,  Mr. 
Hoover*  was  requested  to  take  a  photograph  with  a  large 
portrait  lens.  The  result  was  very  satisfactory  (Journal  Frank- 
lin Institute,  VoL  LXII,  p.  54)  and  apparently  gave  the  best  pic- 
ture of  the  outer  corona  obtained  up  to  that  time.  The  advan- 
tages  of  the  doublet  are  first  the  large  angular  aperture  which 
permits  very  faint  stars  to  be  photographed,  and  secondly,  the 
extent  of  the  field  In'  which  the  stars  in  a  hirge  part  of  the  sky 
can  be  taken  upon  a  single  plate.  Good  definition  is  obtained 
over  a  region  five  degrees  square,  while  over  a  region  ten  degrees 
square  the  definition  is  sufficiently  good  for  many  purposes,  such 
as  the  classification  of  spectra,  variabilit}^  in  li^ht,  etc. 

A  prism  having  a  refracting  angle  of  thirteen  degrees  was 
placed  over  the  objective  of  the  Bache  telescope  and  the  entire 
sky  north  of  —  20''  was  photographed  with  this  apparatus  using  ' 
exposures  of  about  ten  minutes.  About  twent3^-seven  thousand 
spectra  of  more  than  ten  thousand  stars  were  obtained  and  are 
published  under  the  name  of  The  Drajjer  Catalogue  (H.  C,  O. 
Annals,  Vol.  XXVI,  Part  1,  and  Voh  XXVII).  Similar  photo- 
graphs, with  exposures  of  sixty  minutes,  cover  nearly  all  the  north- 
em  skj'  and  serve  to  classify  the  spectra  of  the  fainter  stars.  By 
using  a  prism  of  five  degrees,  of  which  the  dispersion  is  less,  the 
spectra  of  still  fainter  stars  are  photographed.  This  dispersion 
is  sufficient  to  show  any  marked  peculiarities.  Since  July,  1885, 
3,300  plates  were  obtained  with  this  instrument  at  Cambridge 
and  in  California.  It  was  sent  to  Peru  in  the  spring  of  1889 
where  it  is  now  in  use,  and  over  3,200  photographs  taken  there 
have  already  been  received.  When  this  instrument  was  removed 
from  Cambridge,  the  want  of  it  was  so  great  that  Mrs.  Draper 
had  another  instrument  constructed  to  replace  it.  This  is  known 
as  the  84nch  Draper  telescope,  and  with  it  over  5,300  photo- 
graphs have  been  taken  since  August,  1889. 

It  is  expected  that  a  still  further  advance  will  be  made  with  the 
great  photographic  telescope,  the  gift  of  Miss  C,  W.  Bruce.  This 
instrument  will  be  three  times  the  size  of  the  Bache  telescope 
which  it  will  resemble  in  fonn.  Its  aperture  will  be  twenty -four 
inches  and  it  should,  therefore*  photograph  stars  one  or  two  mag* 
nitudes  fainter  than  those  obtained  with  the  Bache  telescope.  It 
is  hoped  that  with  the  Bruce  telescope  satisfactory  photographs 
of  the  spectra  of  stars  of  the  tenth  and  eleventh  magnitude  mayi 
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be  obtained.    The  four  glass  disks  required  for  the  lenses  have 
been  cast  and  are  now  ready  for  grinding.    The  prism,  which  has 
an  aperture  of  twenty-four  inches,  is  completed. 
Harvard  College  Observatory, 
Cambridge,  Mass.,  Jan.  23, 1892. 


ON  THE  SPECTROGRAPHIC  METHOD  OF  DETERMINING  THE  VE- 
LOCITY OF  STARS  IN   THE  LINE  OF  SIGHT.* 


PROFESSOR   H.  C.  VOGEL. 


The  experiments  made  at  Potsdam  in  1887  showed  that,  as  a 
result  of  the  extremely  sensitive  photographic  methods  employed, 
a  sufficiently  great  dispersion  could  be  made  use  of  to  readily  de- 
tect and  measure  the  displacement  of  the  spectral  lines  produced 
by  the  motion  of  the  stars  in  the  line  of  sight.  It  very  soon  be- 
came clear  that  the  measurement  of  the  stellar  spectra  admitted 
of  a  far  greater  exactness  than  the  direct  observations,  and  that 
the  disturbances  of  the  atmosphere— the  chief  cause  of  the  difficul- 
ties of  the  direct  method— exert  their  influence  in  a  lesser  degree 
on  the  photograph.  The  very  numerous  measurements  on  more 
than  two  hundred  negatives  of  forty-seven  stars,  w^hich  are  now 
available,  have  conflrmed  this  result,  and  show  further  that  the 
exactness  of  the  measurements  far  surpasses  the  expectations 
based  on  the  first  plates  taken  with  a  provisional  apparatus,  and 
that  the  definitive  observations  have  reached  a  degree  of  accu- 
racy which  in  some  cases  is  surprising. 

This  great  accuracy  has  been  secured  by  an  advantageous  con- 
struction of  the  apparatus,  by  its  very  exact  adjustment,  and 
especially  by  the  peculiar  methods  adopted  in  measuring  the  pho- 
tographs. I  have  already  published  several  communications  on 
this  spectrographic  method,  viz.  one  in  Astr.  Nach,  No.  2896,  a 
farther  one  announcing  the  discovery  of  the  motion  of  «  Virgin  is 
(Astr.  Nach.  No.  2995),  and  more  recently  an  article  on  the  em- 
ployment of  iron  as  a  comparison  spectrum  in  spectrographic 
researches  (Sitzungsberichte  der  Akademie  zu  Berlin,  June  4, 
1891  ).t 

The  reductions  of  the  observations  and  measurements  are  at 
present  nearly  completed,  but  the  passing  through  the  press  will 
still  require  several  months,  and  therefore  I  now  take  the  liberty 
of  presenting  a  short  review  of  the  investigation  and  its  chief 
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^  Astronomy  a.nd  Astro-Physics,  Feb.  1892. 


results,  in  the  hope  that  this  summary,  and  more  especially  the 
explanation  of  the  method  of  measuring  the  plates,  may  he  of 
value  and  interest  to  many  who  are  emplo3'ed  in  similar  Hnes  of 
work. 

In  the  construction  of  the  apparatus  the  following  points  were 
taken  into  consideration :  great  stability  for  the  smallest  possible 
weight;  suitable  dimensions  of  prisms,  collimator,  and  camera 
objectives,  in  order  to  preserve  sufficient  brightness  with  the 
greatest  possible  dist>ersion ;  accurate  adjustment  of  the  photo- 
graphic plate  in  the  focal  plane  of  the  camera  objective;  and  ex- 
act keeping  of  the  star  on  the  slit  of  the  spectrograph.  I  have 
endeavored  to  satisfy  the  first  two  conditions  by  having  the 
frame  made  of  cast  steeK  and  by  gi\nng  it  a  form  which  offered 
the  greatest  possible  resistance  to  flexure.  The  most  suitable 
dimensions  for  collimator  and  camera  objective,  for  the  12-inch 
refractor  to  which  the  spectrograph  was  to  be  applied,  were 
found  to  be  408""^'  focal  length  for  34""™  aperture. 

The  two  Rutherfurd  compound  prisms  have  the  follov^nng 
dimensions:  Height  (length  of  the  refracting  edge)  35""";  breadth 
(perpendicular  distance  from  the  refracting  edge  of  the  flint- 
glass  prism)  45'""*.  They  are  of  the  most  colorless  glass  obtain- 
able, and  the  dispersion  from  F  to  H  amounts  for  each  to  about 
5°.  The  camera  is  constructed  of  sheet  steel ;  the  plate-holders 
are  of  brass  and  can  be  rigidly  connected  with  the  camera.  The 
adjustment  of  the  photographic  film  in  the  focal  plane  of  the 
camera  objective  is  accomplished  by  a  motion  of  the  latter,  and 
can  be  effected  with  an  accuracy  of  a  fraction  of  a  millimetre. 
In  order  to  facilitate  keeping  the  image  of  the  star  exactly 
on  the  slit,  a  small  telescope  is  so  connected  with  the  apparatus 
that  it  receives  the  light  w  hich  is  reflected  from  the  front  side  of 
the  first  prism. 

The  slit,  illuminated  by  the  Geissler  tube,  which  furnishes  the 
comparison  spectrum,  appears  in  this  telescope  as  a  narrow  line 
of  light  with  the  star  in  the  middle,  and  may  be  readily  so  held 
by  means  of  the  slow  motions  of  the  refractor,  A  cylindrical  lens 
is  not  employed,  since,  with  the  slit  set  parallel  to  the  line  of  the 
diurnal  motion,  a  slight  widening  of  the  linear  stellar  spectrum 
can  be  readily  effected  by  changing  the  rate  of  the  driving  clock. 
A  very  important  point  in  the  adjustment  of  this  apparatus  is 
that  the  optical  axis  of  the  collimator  shall  fall  in  the  prolonga- 
tion  of  that  of  the  refractor;  tliis  is  easily  and  accurately  eflfected 
by  three  screws. 

By  means  of  a  table  giving  the  proper  setting  for  various  dc- 
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grees  of  temperature  the  plane  of  the  slit  is,  before  each  obser- 
vation, adjusted  to  lie  in  the  focus  for  the  ra3''s  of  the  wave-length 
of  Hr,for  which  the  prisms  are  set  at  the  angle  of  minimum  devia- 
tion, and  which  appear  on  the  middle  of  the  negative.  It  is  of 
great  importance  that  the  latter  be  precisely  adjusted  in  the  focus 
of  the  camera  objective.  This  is  likewise  effected  before  each  ob- 
servation according  to  a  table  with  the  argument  of  the  ther- 
mometer attached  to  the  instrument.  This  table  has  been  deter- 
mined by  many  experiments,  as  well  as  by  artificial  warming  of 
the  apparatus.  A  false  adjustment,  which  exerts  a  great  in- 
fluence on  the  sharpness  of  the  images,  and  hence  on  the  subse- 
quent measurements,  can  be  at  once  detected  by  the  lack  of  dis- 
tinctness of  the  image  of  the  artifical  hydrogen  line,  and,  simi- 
larly, changes  of  the  apparatus  which  occur  during  the  exposure 
reveal  themselves  in  the  altered  appearance  of  the  comparison 
line. 

In  nearly  all  the  observations  hydrogen  has  been  chosen  for  the 
comparison  spectrum.  The  Geissler  tube  was  placed  directly  in 
the  cone  of  rays  of  the  refractor,  at  a  distance  of  40cm.  from  the 
slit,  and  was  set  at  right  angles  to  the  optical  axis  of  the  refrac- 
tor as  well  as  to  the  slit,  aud  therefore  its  light  is  to  be  regarded 
as  dispersed  on  reaching  the  slit.  The  tubes  used  were  very  thin, 
so  that  only  a  comparatively  small  amount  of  light  (1 7  per  cent) 
was  lost  in  passing  through  them. 

A  further  advantage  of  this  arrangement  of  the  Geissler  tube 
lies  in  the  fact  that  an  exact  adjustment  of  its  position  is  not 
necessarj",  and  any  slight  changes  in  its  place  during  the  expo- 
sure, due  to  an  altered  position  of  the  instrument,  can  exert  no 
injurious  influence ;  for  one  can  readily  see  that  with  an  adjust- 
ment even  several  degrees  false,  the  slit  would  still  appear  fully 
illuminated. 

At  first  the  time  of  exposure  was  regulated  according  to  the 
brightness  of  the  star  and  to  the  chosen  width  of  slit,  but  later 
it  appeared    advantageous  to    leave  the  width    unchanged    at 
0.02""  and  to  give  a  uniform  exposure  of  one  hour.    The  ob- 
server then,  however,  varied  the  width  of  the  spectrum  to  corres- 
pond with  the  brightness  of  the  star.    The  performance  of  the 
apparatus  has  been  tested  on  the  Sun  by  direct  observations  and 
by  photographs.    In  the  vicinity  of  H^,  where  the  spectrum  is 
sharpest,  nearly  all  the  lines  are  visible  which  are  contained  in 
Rowland's  large  photograph  of  the  solar  spectrum,  in  spite  of 
the  comparatively  small  dimensions  of  the  apparatus.    Of  course 
^ery  close  double  lines  cannot  be  separated  if  the  width  of  the 


silt  be  greater  than  that  corresponding  to  the  distance  between 
the  lines. 

One  perceives  less  detail  on  the  photograph  than  by  direct  ob- 
servation^  since,  on  account  of  the  extraordinary'  delicacy  of  the 
lines,  some  details  are  lost  through  the  coarseness  of  the  silver 
grains.  The  excellent  prisms  would  admit  of  a  much  greater 
magnification  of  the  spectriim  by  the  use  of  a  camera  objective  of 
longer  focus,  and  thus  make  possible  the  production  of  still 
sharper  photographs,  if  the  light  power  of  the  refractor  were 
not  too  small  and  the  observations  therefore  necessarily  limited 
to  the  brightest  stars,  I  have  given  in  Astr,  Nach,,  No.  2896,  a 
collection  of  about  fifty  lines  on  one  of  the  solar  negatives 
which  lie  betw^een  431.4  and  436, 8w^,  and  may  remark  further 
that  my  assistant ^  Dr.  Scheiner,  has  been  able  to  measure  290 
lines  in  the  spectrum  of  «  Anrigae  between  412.4  and  466.8w^, 

In  order  to  decide  further  as  to  the  correct  adjustment  of  the 
apparatus,  numerous  photographs  of  the  Moon's  spectrum,  with 
that  of  hydrogen  for  comparison,  have  been  made,  and  show  an 
absolute  coincidence  of  the  corresponding  lines.  Two  photo- 
graphs of  Venus  are  not  without  interest  as  showing  the  accu- 
racy of  the  measures  as  well  as  the  correctness  of  the  adjustment: 


1889 


[an.    2 
^'eb.  10 


Observed  CaJculatcd 

Velocity.  Vclodty. 

—  7.8  —  7.4-  English  miles. 

-  7.4  -  7,8 


* 


The  measurement  of  the  spectra  is  accomplished  with  the  aid 
of  a  microscope  under  the  employment  of  magnifying  powers 
from  7  to  35. 

The  table  of  the  microscope  carries  a  sliding  apparatus,  mov- 
able by  a  fine  micrometer  screw  of  0.25*""*  pitch,  to  which  the 
negative  is  firmly  clamped.  The  periodic  and  progressive  errors  of 
this  screw  have  been  accurately  determined.  By  means  of  a  lar^e 
number  of  measurements  in  the  solar  spectrum  it  has  been  found 
that  one  revolution  of  the  screw  corresponds  to  a  difference  in 
wave-length  of  O.S2^fifi*  With  this  value  can  now  be  com* 
puted  g,  the  value  in  miles  per  second  of  velocity  of  one  revolu- 
tion of  the  screw,  from  the  formula  g  =  ~r^'  where   V   is  the 

velocity  of  light  and  i  the  wave-length  of  Hr,  434.07/i/i.  The  re- 
sult is  ^=  139.13  miles.  This  value,  strictly  speaking,  holds  good 
only  for  the  temperature  at  which  this  standard  photograph 
of  the  solar  spectrum  was  taken,  since  the  dispersion  varies  with 
the  temperature.    A  small  correction  has,  therefore,  been  applied 
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to  all  the  photographs  made  at  a  diflFerent  temperature.  For 
stars  of  the  second  type,  however,  a  method  of  measurement  has 
been  chosen  which  takes  for  a  basis  this  standard  solar  negative, 
as  I  shall  presently  show. 

In  the  case  of  the  spectra  of  Classes  II.  and  III.,  containing 
numerous  lines,  it  suggested  itself,  in  determining  the  displace- 
ment between  the  artificial  Hr  and  the  star  line,  to  connect  the 
former  by  diflFerential  measurements  with  the  other  neighboring 
UneSy  not  only  in  order  to  obtain  an  increased  degree  of  accuracy, 
but  also  indeed  from  necessity,  since,  in  the  generally  very  small 
displacements,  it  wholly  or  partly  concealed  the  star  line.  All 
the  difficulties  which  at  first  arose  in  the  way  of  direct  measure- 
ment of  the  plates,  into  the  details  of  which  I  cannot  here  enter, 
were  thereby  overcome  in  that  I  simultaneously  with  the  star 
spectrum  also  measured  a  standard  solar  spectrum  taken  with 
the  spectrograph.  The  plate  with  the  solar  spectrum  is  cut  oflF 
lengthwise,  and  so  laid  upon  the  star  spectrum  that  the  two  ap- 
p^r  in  the  microscope  one  above  the  other,  and  separated  only 
by  a  small  space. 

The  solar  negative  is  observed  through  the  glass,  since,  in 
order  to  avoid  parallax,  it  must  be  inverted  so  that  the  two 
gelatine  films  are  in  contact.  It  is  therefore  cut  oflF  in  order  to 
obviate  the  effect  of  the  unavoidable  impurities  in  its  gelatine 
film,  through  which  otherwise  the  star  spectrum  would  have  to 
be  observed.  It  can  then  be  readily  brought  about  that  the  lines 
of  the  one  spectrum  form  the  prolongation  of  those  of  the  other. 

The  setting  upon  one  of  the  threads  of  the  system  in  the  eye- 
piece of  the  microscope  is  effected  solely  by  the  motion  of  the 
above-mentioned  sliding  apparatus,  to  which  both  negatives  are 
firmly  attached.  In  the  measurements  four  settings  were  usually 
made  on  a  Sun  line,  then  an  equal  number  on  the  corresponding 
star  line,  those  lines  being  sought  out  which,  generally  three  on 
each  side,  lie  nearest  H^.  The  Hy  line  in  the  star  has  only  been 
measured  when  it  was  fully  separated  from  the  artificial  line; 
but  generally,  instead  of  upon  it,  settings  were  made  six  or  eight 
times  on  the  solar  Hr,  and  an  equal  number  on  the  artificial  Hy 
on  the  star  plate. 

The  difference  of  the  readings  on  the  two  spectra  gives,  in  the 
mean,  their  displacement  as  compared  with  each  other  as  they 
were  brought  together  under  the  microscope;  this  mean,  being 
applied  to  the  difference  of  the  settings  on  H/'  in  the  solar  nega- 
tive and  the  artificial  Hr  due  to  the  Geissler  tube,  gives  the  actual 
displacement  of  the  star  lines  referred  to  the  artificial  line. 


In  most  cases  the  star  spectra  have  been  photographed  at 
)ther  temperatures  than  the  Sun.  and  tlie  differences  Sun  —  star 
fare  unequal  and  show  a  rate  of  progression.  Under  the  assuni|>- 
tion  of  a  simple  proportional  change^  which  is  fuUy  admissible  for 
the  small  distances  which  alone  come  into  question,  a  reduction 
to  the  disi>ersion  of  the  solar  negative  raust  first  be  made,  which 
has  been  done  by  the  method  of  least  squares. 

The  great  advantage  of  this  method  of  measurement  lies  in 
the  fact  that  the  unavoidable  distortions  in  the  sensitive  film, 
which,  owing  to  the  smallness  of  the  quantities  to  be  measured, 
might  easiW  come  into  consideration,  are  as  much  as  possible 
eliminated,  and  also,  further^  that  every  prejudice  of  the  observer 
is  entirety  eliminated,  since  the  amount  of  the  displacement  is 
not  directly  obtained,  but  onl_v  after  computation. 

Most  stars  of  the  fa-st  spectral  class  show,  in  addition  to  the 
broad  and  strongly  marked  hydrogen  lines,  a  great  number  of 
other  lines,  so  fine,  however,  that  they  can  be  distinctly  recog- 
nized only  in  the  case  of  the  brighter  stars.  The  majority  of  these 
lines  belong  to  the  iron  spectiami,  and  can  be  readily  identified 
with  solar  lines;  the  measurement  of  the  displacement  can 
therefore  either  be  made  by  reference  to  the  solar  negative,  or, 
under  the  precautions  which  I  have  already  stated  in  the  article 
quoted,  the  iron  spectrum  may  be  used  for  comparison. 

In  the  case  of  fainter  stars  of  this  class,  however,  one  is 
restricted  to  the  hydrogen  lines,  and  if  the  more  or  less  distinctly 
pronounced  maximum  of  intensit}"  lies  outside  of  the  artificial  line, 
then  the  measurement  presents  no  difficulty ;  but  this  is  seldom 
the  case,  since  the  breadth  of  the  maximum  intensity  corresponds 
to  a  difference  in  wave-length  of  about  O.OO/vi,  and  a  displace- 
ment of  the  artificial  line  only  enough  to  bring  its  edge  into 
coincidence  with  the  position  of  maximum  intensity  would  pre- 
suppose a  velocity  of  fourteen  miles.  This  maximum  of  intensity 
is  general h'  not  very  sharpl3^  bounded,  and,  w4th  this  gradual 
decrease  of  the  blackening  on  the  negative,  it  could  be  accu- 
rately observed  only  in  cases  of  a  much  greater  displacement. 
The  difficulties  of  this  case  were  therefore  insurmountable  until 
a  special  procedure  was  thought  out,  w*hich  consisted  in  covering 
the  Hy  star  Hne,  along  with  the  artificial  line,  by  a  comparatively 
broad  strip  which  was  brought  exactly  over  the  middle  of  the^ 
H^  line  in  the  star.  If,  then,  the  thread  of  the  micrometer 
set  on  the  middle  of  this  strip,  and  the  latter  be  then  remov< 
and  the  thread  set  on  the  artificial  line,  the  diflerence  in  the 
readings  will  give  the  displacement. 
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The  accompanying  figure  will  make  the  procedure  clearer. 
M  M  is  the  intensity  curve  of  the  star  spectrum  in  the  vicinitj'  of 
Hr,  K  is  the  artificial  H/',  displaced  from  the  middle  by  the  star's 
motion,  and  S  is  the  strip  covering  the  middle  of  the  position  of 
maximum  intensity  and  the  line  K. 


IS 


With  a  magnification  such  that  the  silver  grains  are  readily 
perceptible,  the  setting  of  the  strip  over  the  middle  of  the  broad 
H;'  line  can,  after  some  practice,  be  accurately  accomplished  by 
fastening  the  attention  upon  the  density  of  the  silver  precipitate 
on  the  plate  to  right  and  left  of  the  strip.  From  a  series  of 
small  glass  plates,  upon  each  of  which  had  been  photographically 
produced  a  dark  strip  of  differing  width  (from  0.05  to  0.20*°"'), 
the  suitable  one  was  chosen  and  laid  directly  upon  the  star  nega- 
tive, and  fastened  by  a  simple  mechanical  contrivance  which 
allowed  of  its  being  moved  backwards  and  forwards  by  a  fine 
screw. 

When  the  line  in  the  star  spectrum  has  been  very  broad  and 
without  a  distinct  position  of  maximum  intensity,  I  have  em- 
ployed still  another  method  in  the  measurement  of  stars  with 
large  velocities.  A  number  of  lines  of  varying  breadth  and 
blackness,  but  narrower  than  the  strips  just  mentioned,  were 
photographed  upon  small  glass  plates,  and  that  one  was  then 
selected  which  most  nearly  equalled  in  breadth  and  blackness 
the  artificial  Hr  on  the  negative  to  be  measured.  The  plate  was 
then  laid  upon  the  star  negative,  and  b^-  the  fine  screw  set  upon 
the  broad  star  line,  so  as  to  be  symmetrical  with  the  artificial 
Hr.    In  the  figure  the  star  line  is  represented  by  the  dipping  of 
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the  curve  MM,  K  is  the  line  from  the  Geissler  tube,  to  which  is 
symmetrically  set  the  line  S  on  the  glass  plate.  The  micrometric 
nicasurement  of  the  distance  KS  gives  the  double  value  of  the 
^ii^placement.    By  practice  much  can  here  be  gained  in  accuracy ; 


termination  of  Stellar  Motion. 


attention  to  the  silver  grains  is  in  this  case  also  important.  It 
has  shown  itself  to  be  of  advantage  to  repeat  the  measurements 
on  different  days,  since  Yer3'  soon  a  certain  habit  of  perception 
sets  in  which  gives  the  measurements  on  a  single  day  the  ap[>ear- 
ance  of  an  accuracy  which  is  somewhat  illusor\\ 

The  first  result  of  any  importance  which  the  spectrographic 
method  furnished  was  the  proof  of  the  influence  of  the  Earth's 
motion  on  the  displacement,  w^hich  the  earlier  direct  observations 
had  failed  to  show  with  certainty.  I  append  here  a  few 
examples  -.— 


a  AuTigie. 


a  Taun. 


Date. 
tSSSOct.   6 


Ob».  Vcl, 
-    3-5 


VeL  of 
Earth's  Starred 


Vrl.  of 
Bnrth't  Starred* 


Feb.  5 
May  6 
Sept.  1 5 


8.9  f 
2.9  4- 
D.7    + 


16.8     +  J3-2 


Date, 

Ob«.  Vcl.        Vel. 

to  Suti, 

1888  Get.  28 

+  18.1     --    9  5 

+  27.6 
--30.8 

Nov.  10 

-f  24.9     -    5,9 

Dec.    4 

—  30.6    +    1.8 
-'43-7    +  J2*3 

"2«.8 

iSgoJan.    9 

+  31-4 

a  Ophiuchi, 

i888Sept.30 

--27.6    +14.1 

t«3.5 
+  10.7 

1889 June    7 

+    9-7     -    i-o 

a 

Ursfc  Majoris. 

1888  Nov.   7 

—  17*0     —  It. 9 

-    S.I 

9 

—  18.1     —  11.9 

-    6.2 

i8S9May  4 

+    3.4    +11*2 

-    6.6 

2Z 

-    7-8 

A  farther  result  of  the  new  method  w*as  the  discovery  of  the 
changes  in  the  motion  of  Algol,  and  thereb3*  the  proof  of  the  ex- 
istence of  a  dark  satellite,  for  the  determination  of  which  the 
most  delicate  measurements  were  necessary.  The  discover^"  of 
the  periodic  motion  of  a  Virginis  then  follow^ed. 

As  an  example  of  the  accuracy  of  the  method  of  symmetrical 
setting,  w^hich  has  been  applied  for  stars  with  broad  and  ill- 
defined  lines,  and  generally  in  the  case  of  a  Virginis,  I  give  here 
the  results  of  the  measurements,  with  the  period  w  hich  I  have 
deduced  from  them  :— 


a  Virginis.    Velocity  in  the  line  of  sight  —  velocity  of  system 

==  56.7  sin  I  -^  1 360°,  ia  miles. 

Vclodty  of  SjTStem  ^=  —  9,2  miles.       Period » p,  =  4,0134  days* 
Epoch,  to,  =  1890  May  4,  ^0^50  Potsdam  m.  t. 


Date 
1SS9  April  II 
39 
May 
1890  AprU 


Cole. 
VcL 


Ob».  Vcl. 

le«s  Vcl.  of 

Tnuulation 

-4S.4 
-S4-3 
+  50.7 
»  6.5 
-55*3 
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Ob«.  Vel. 

Ob».  Vel. 

less  Vel.  of     Calc. 

less  Vel.  of 

Calc. 

Date.    Tranidatioii     Vel. 

0.— c. 

Date.    Translation 

I     Vel. 

0.— C. 

1890  Mav  4     —    3-7     —    '-8 

-  1.9 

May  26    +    5.1 

+    5.5 

-0.4 

7     -61.3     -56.7 

-4.6 

27      -  52.6 

^56.2 

+  3.6 

8     -0.5     -     1.4 

--0.9 

28     —  12.9 

-    8.8 

—  4.1 

9     +63.2     +56.7 

--6.5 

31      -  56.2 

-56.2 

0.0 

17     -+-61.8     +56.7 

--5.I 

June    4     -49-8 

-55.8 

+  6.0 

18    +r6.o    -f    5.5 

+  0.5 

1891  April  24    -j-    3.2 
27     +47-9 

+    4.6 

-  1.4 

23     -  65.5     -  56.2 

-9.3 

+  45.2 

--2.7 

+  5.1 

24     -    1.4     -    5.5 

+  4.1 

May    3     -58.1 

-63.2 

25     +53.0    +56.2 

-3-2 

^ 

.  As  an  example  of  the  delicacy  of  the  spectrographic  negatives, 
I  remark  that  in  those  of  fi  Aurigae  not  only  has  the  periodic 
doubling  of  the  lines  been  perceptible  and  well  measurable  in  the 
magnesium  line  A  :=  448/i/i,  but  also  on  some  plates  in  other  very 
fine  lines  in  its  vicinity.  These  observations  may  be  found  in 
Ast,  Nacb,,  No.  3017. 

In  order  now  to  give  an  illustration  of  the  accuracy  which  is 
attainable  by  the  method  of  covering  Hr  by  a  strip,  I  add  my  ob- 
servations on  a  Lyrae  and  a  Canis  Majoris : — 


a  Lyra 

star's 

a  Cams  Majoris. 

star's 

Earth's 

Vel.  red. 

Earth's  Vel. red. 

Obs.  Vel. 

Vel. 

to  Sun. 

Obs.  Vel.       Vel.        to  Sun 

1888  Sept.  28 

-    2.6 

+  8.6 

—  1 1.2 

1888  Dec. 

13      -  14. 1      -     4.9     -  9.2 

Nov.  II 

-    1-7 

+  7.0 

-     8.7 

1890  Feb. 

12     +    0.8     +    9.4     -  8.6 

>3 

-    «-5 

+  6.8 

-     8.3 

1 89 1  Feb. 

7     +    O.I      +     8.3      -8.2 

1889  May  3* 

-  10.7 

-4.8 

-     5.9 

Mar, 

21     +    4.4     +  13.8     -  9.4 

Jinic     6 

-    9.9 

-  4.0 

-    5-9 

22     +6.1     +  13.9     -  7.8 

Sept.  15 

-    1.8 

+  8.1 

-    9.9 

Nov.  24 

-     4-2 

+  5.7 

.-    9.9 

25 

-    6.7 

+  5.6 

-  12.3 

26 

-     7-2 

+  5.4 

-  12.6 

I  remark,  further,  that  the  observations  of  Sirius  by  the  method 
for  stars  of  the  second  class  give  7.3  miles,  and  with  the  aid  of 
the  iron  comparison  spectrum  9.0  miles  as  the  rate  of  approach 
towards  the  Sun. 

In  regard  to  the  exactness  of  the  measurements  in  general  I 
will  state  that  out  of  the  average  of  all  the  observations  the  re- 
sulting probable  error  of  a  single  negative  for  stars  of  Class  II. 
is  ±  1.34  mile;  for  the  stars  of  Class  I.  ±  2.31. 

Each  star  has  on  the  average  been  observed  3.3  times,  and  the 
measurements  have  been  made  independently  by  myself  and  by 
Dr.  Scheiner.  It  may,  therefore,  be  concluded  that  the  probable 
error  of  the  definitive  values  for  both  spectral  classes  will  amount 
to  less  than  one  mile. 

I  intend  after  the  definite  completion  of  the  measurements  to 
communicate  to  the  Society  a  list  of  the  observed  velocities,  and 
win  remark  in  conclusion  that  the  velocities  of  the  stars  have 


proved  to  be  much  smaller  than  was  to  be  expected  from  the  di- 
rect observations.  The  mean  result  for  fort^^-seven  stars  is  10.6 
English  miles. 

Among  them  six  have  a  velocit}'  less  than  2,  and  five  greater 
than  20  miles;  the  greatest  is  that  of  «  Tauri,  about  30  miles. 
Fifteen  of  the  stars  have  a  positive  and  thirtj^-tv^^o  a  negative 
motion* 

PoTSHAM, 'Royal  Observatory, 
1891  December. 


NOTE  ON  THE  8TONYHURST    DRAWINGS   OF   THE   SOLAR    SPOTS 

AND   FACULj©.* 


REV.  WALTER  8IDCKBAVES. 


At  the  commencement  of  the  series  of  Sun-spot  drawings, 
instituted  by  the  late  Fr.  Perry  in  November  18S0,  it  was  decided 
to  fill  in  the  faculas,  so  far  as  this  could  be  done  with  certainty. 
No  small  difficulty  w^as  experienced  in  the  attempt,  for  it  seemed 
impossible  to  produce  a  faithful  representation  of  them,  and  both 
the  director  and  the  observer  were  forced  to  be  content  with  a 
skeleton  tracing  of  the  brighter  parts  which  could  be  differen- 
tiated from  the  rest  of  the  photosphere  without  chance  of  error. 
Experience,  however,  in  the  course  of  time,  taught  the  observer 
the  magic  eflect  of  motion  imparted  to  a  faint  image;  and  as  he 
slowly  travelled  the  image  of  the  Sun  across  the  drawing-sheet, 
the  patches  stood  out  w^th  a  clearness  of  definition  that  excluded 
all  doubt  of  the  border-line  between  facul^  and  photospheric 
glare.  The  method  then  adopted,  and  followed  ever  since,  was 
first  to  outline  the  brighter  parts  upon  the  stationary  image,  and 
then  to  fill  in  the  picture  b\'  sketching  the  fainter  details  taken 
from  the  image  while  moving  it  slowly  to  and  fro  across  the 
paper.  By  this  means  a  very  trustworthy  record  was  obtained ; 
and  it  was  much  improved  by  adopting  the  suggestion,  made  by 
Sir  G.  Stokes  in  1883,  that  the  contrast  of  a  redhead  tracing  of 
the  faculte  would  greatly  help  the  eye  in  its  search  through  the 
drawings  for  the  true  relation  l)etween  the  dark  spots  and  their 
glowing  attendants.  This  is  apparent  in  following  the  disturb- 
ances through  all  their  changes,  and  in  sifting  their  evidences 
for  an  answer  to  the  query,  Which  is  the  forerunner  of  the  other? 

During    the   entire   period   of   Fr.    Perrj^'s   direction   of  this 

*  Monthly  Notices,  December,  1891. 
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Observatory  no  clear  instance  of  facuke  preceding  the  birth  of  a 
spot  had  been  detected  in  the  drawings.  Faculae  were  always 
most  abundant  after  the  birth  of  a  spot,  and  always  outlived  it, 
lingering  for  weeks  and  sometimes  for  months  before  expiring. 
But,  on  the  other  hand,  the  drawings  afford  no  positive  evidence 
of  the  birth  of  a  spot  before  the  appearance  of  faculae;  while 
every  spot  of  importance  appears  to  have  been  attended  from  the 
beginning  with  at  least  a  small  surrounding  of  faculae.  So  that, 
although  it  remains  true  that  faculae  in  no  extensive  form  precede 
the  birth  of  a  spot,  but  develop  and  grow  to  maturity  either 
along  with  the  spot  or  after  its  decline,  we  must  guard  our  con- 
clusions against  their  extension  to  the  absolute  priority  of  the 
spot. 

The  chances  of  gaining  the  positive  evidence  about  the  priority 
are  not  favorable.  The  greater  part  of  the  Sun's  surface,  on 
which  a  spot  may  spring  into  life,  offers  no  possibility  of  seeing 
the  faculae.  And  during  the  years  of  greater  activity  our  chances 
are  greatly  reduced  by  the  interlacing  of  old  and  new  faculae.  It 
is  only  during  the  minimum  period  of  spot-life,  when  the  intervals 
are  greater  and  old  debris  get  cleared  away  before  new  storms 
begin,  that  we  can  well  hope  for  the  evidence  we  want. 

The  drawings  of  the  recent  minimum  period  of  1889  have 
been  under  careful  study  during  the  past  twelve  months,  and  we 
find  amongst  them  two  cases  in  which  the  evidence  of  first 
appearance  is  unquestionable.  And  both  of  these  show  faculae 
before  any  trace  of  a  spot  appears. 

On  June  29,  a  small  patch  of  faculae  was  sketched  near  the 
eastern  limb,  in  latitude  —  40°. 5  and  in  longitude  252°.  There 
was  no  trace  of  a  spot  in  the  neighborhood,  and  neither  spot  nor 
faculae  had  been  seen  near  the  position  for  years.  On  the  follow- 
ing day  a  small  round  spot  appeared  in  latitude  —  40°. 3  and 
longitude  252°.2— /.  e.,  in  the  midst  of  the  faculae,  the  faculae  on 
this  day  being  visible  only  just  close  round  the  spot.  Again,  on 
July  31,  another  small  patch  of  faculae  appeared  in  latitude  —  22°, 
longitude  155°,  without  any  spot  near  it.  It  was  seen  again  on 
the  following  day,  and  still  without  a  spot.  But  on  the  third 
day,  August  2,  a  spot  was  sketched  in  latitude  —  21°. 9,  longi- 
tude 155°.4. 

In  both  cases  the  faculae  were  of  small  area,  but  bright.  And 
there  can  be  no  doubt  either  of  the  faculae  or  of  the  spots.  Both 
were  new.  The  faculae  were  not  remnants,  and  the  spots  were 
not  revivals  of  old  disturbances.  We  may  not  be  able  yet  to 
conclude  that  faculae  are  realh'  forerunners  of  spots.    The  two 


spots  referred  to  may  have  been  for  the  time  hidden  from  our 
Anew  by  the  facular.  But  this  has  no  appearance  of  probabilit\-, 
the  faculi?  being  seen  at  a  distance  from  the  hnib  of  quite  one- 
tenth  of  the  solar  diameter.  So  far,  therefore,  as  our  drawings  at 
these  dates  are  ^vitnesses  to  priority,  their  e\4dence  stands  for 
some  facula?  preceding  the  birth  of  a  spot.  And  more  of  the  same 
class  of  evidence  may  be  found  even  in  the  3^ears  of  greater  spot 
frequency,  when  the  records  of  their  spots  and  facul^e  have  been 
more  fully  examined  and  the  history  of  each  group  is  more  ac- 
curately  w'ritten. 
Stonyhi  r<;t  Observatory, 
Lancashire, 


RESUME    OF   SOLAR    OBSERVATIONS    MADE    AT    THE    ROYAL  OB- 
SERVATORY  OF   THE  ROMAN   COLLEGE   DURING    THE 
FOURTH   QUARTER   OF   I89I.* 


M.   P.   TACCHINI,   DIRECTOR, 


■  ffLJkTIVE    I'KRtJUKKCY  RBLATtVB   SIZB 

or  days  with-  •        No   of  group* 

No.  of  days.         of  spots,    out  spots.  of  spots,        of  facrttls.  per  day. 

October  ,,...,26       15.54  0.00  54,69  85.77  4.96 

Novcmber,.^2        12.50  OJX)  61.38  51.50  3.41 

December... .28  8.57  O.OO  42.18  35.36  2.68 

By  comparing  these  data  with  the  results  of  the  preceding 
quarter,  it  is  seen  that  the  phenomena  of  solar  spots  and  faculre 
have  decreased  somewhat  during  the  last  quarter  of  the  year. 
It  must  be  remarked,  however,  that  in  the  new  series  of  obser%*a- 
tions  there  is  not  a  single  day  without  spots,  and  that  the  fre- 
quency of  the  groups  is  the  same  as  for  the  preceding  quarter;  it 
may  thus  be  concluded  that  we  are  now  in  a  maximum  spot 
period. 

The  season  has  been  less  favorable  for  prominences,  esi)ecially 
in  November.    The  following  are  the  results  obtained  : 

l*Ki)MINSNCKfl. 

No,  of  days.        Mean  ntimher.  Mean  hHght.  M cad  extent. 

October 22  9.82  43".6  l^7 

November......... 15  5,73  35  .4  1  .6 

December....... .21  6.48  40  .2  2  .2 

The  marked  frequency  in  the  month  of  September  continued 
into  October;  since  then  the  niunber  of  prominences  has  some- 
what diminished,  so  that  for  this  quarter  the  phenomena  of 
solar  prominences  may  be  considered  as  stationary-  relatively  to 
the  preceding  quarter. 

•  Coinninnicated  bv  tbe  author. 
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ON  THE  INFLUENCE  OF  PRESSURE  ON   THE  SPECTRA  OF 

FLAMES.* 


G.  D.  LIVBING  AND  J.  DEWAR. 


We  have  already  described  {Pbil.  Trans.,  A,  1888)  the  remark- 
able spectrum  of  the  oxy-hydrogen  flame  burning  at  the  ordinary 
atmospheric  pressure.  Recently  we  have  examined  the  spectrum 
of  the  same  flame  at  various  pressures:  hydrogen  burning  in  ex- 
cess of  oxygen  up  to  a  pressure  of  40  atmospheres,  and  oxygen  in 
excess  of  hydrogen  up  to  a  pressure  of  25  atmospheres,  also  that 
of  the  mixed  gases  burning  in  carbonic  acid  gas. 

The  apparatus  employed  was  an  adaptation  of  one  of  the  tubes 
used  in  our  experiments  on  the  absorption  spectra  of  compressed 
gases  (Pbil.  Mag.,  September,  1888,  and  Rojr.  Soc.  Proc.,  vol.  46, 
p.  222).  It  consisted  of  a  steel  cylinder,  about  50"°*  in  internal 
diameter  and  225°*™  long,  fitted  at  one  end  with  a  quartz  stopper, 
a  in  the  annexed  figure,  and  with  a  jet,  6,  for  burning  the  gas, 
adapted  by  a  properly  fitting  union  joint  to  the  opposite  end. 
There  were  two  tubes,  c  and  d,  connected  to  the  cylinder  at  the 
sides,  of  which  one,  c,  served  for  the  introduction  of  gas,  while 
the  other,  d,  was  fitted  with  a  stopcock,  and  was  used  to  draw 
off  the  water  formed,  or  to  reduce  the  pressure  of  the  gas  in  the 
cylinder  if  that  was  desired..  The  flame  was  observed,  nearly  end 
on,  through  the  quartz  stopper.  The  whole  apparatus  was  kept 
cool  by  a  stream  of  cold  water  running  on  to  a  sponge  cloth 
wrapped  around  the  cylinder.  In  the  course  of  the  tube  convey- 
ing gas  to  the  jet  b  was  interposed  a  small  cylinder,  e,  in 
which  sodium  was  placed,  and  by  heating  this  the  gas  entering 
could  be  charged  with  sodium  vapor. 

The  gases  were  supplied  from  steel  cylinders  into  which  they 
had  been  compressed,  and  the  pressure  was  registered  by  a  gauge 
attached  to  the  tube  by  which  the  gas  entered  the  experimental 
cylinder.  Commercial  compressed  gases  were  used,  containing  a 
sensible  percentage  of  air. 

When  h3''drogen  was  the  gas  forming  the  burning  jet,  it  was 
lighted  at  the  end  of  the  tube  h  before  introducing  it  into  the 
experimental  cylinder.  When  it  was  desired  to  have  a  jet  of 
oxygen  burning  in  hydrogen,  this  could  be  managed  by  introduc- 
ing oxygen  through  the  second  tube  and  increasing  the  supply  of 
hydrogen  until  the  flame  passed  over  to  the  oxygen  jet.  The 
same  result  was  sometimes  attained  by  first  filling  the  experi- 
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mental  cylinder  by  a  gentle  stream  of  hydrogen  through  the  side 
tube  c  before  the  end  with  the  tube  b  was  screwed  on ;  the  hydro- 
gen as  it  issued  was  then  lighted,  and  the  jet,  with  a  gentle 
stream  of  oxygen  issuing,  inserted  and  screwed  down.  The  stop* 
cock  s  was  kept  open  until  this  was  done,  and  then  by  closing  5, 
and  admitting  more  gas  from  the  reservoirs,  the  pressure  in  the 
experimental  cylinder  could  be  increased  at  pleasure. 


^^^>J 


Hydrogen  Burning  in  Oxygen, 
The  first  observations  were  made  with  a  jet  of  hydrogen  burn- 
ing in  oxygen.  As  the  pressure  rose,  the  luminosity  of  the  flame 
increased^  as  long  ago  described  by  Frankland  (•Experimental 
Researches/  p.  905),  The  color  of  the  flame,  viewed  end  on, 
was  yellow,  as  if  it  contained  sodium;  but,  on  examining  it  with 
a  spectroscoi^e,  it  was  found  to  give  a  continuous  spectrum  in- 
tersected by  many  shaded  bands,  and  the  I)  lines  of  sodium  were 
only  fainth'  |>resent.  The  shaded  bands  were  faint  at  a  pressure 
of  5  atmospheres,  but  at  pressures  of  20  atmospheres  and  up- 
wards they  came  out  strongly.  They  were  evidenth'  the  absorji- 
tion  bands  of  NO^,  derived  from  the  residue  of  atmospheric  air 
mixed  with  the  condensed  gases.  We  took  a  photograph  of 
them,  and  on  comparing  this  with  a  photograph  of  the  NO, 
bands,  we  found  the  two  to  be  identical.  Except  for  the  bands, 
and  the  bright  lines  of  sodium^  the  spectrum  appeared  to  be  con* 
tinuous,  and  to  extend  from  about  ^  6200  to  A  4-150,  with  the 
brightest  part  about  -^  5150,  It  increased  in  brilliance  as  the 
pressure  increased,  as  well  as  in  extent,  being  \nsible  at  3  atmos- 
pheres pressure  from  about  ^  6720  to  ^.  4040,  The  greater  dis- 
tinctness of  the  NO,  bands  at  the  higher  pressures  was  due  both 
to  the  greater  brightness  of  the  continuous  spectnim  and  to  the 
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greater  quantity  of  NO,  formed.  A  large  quantity  of  water  accu- 
•mnlated  in  the  experimental  tube,  and  when  this  was  drawn  oflF 
by  the  stop-cock  s  it  effervesced  with  escape  of  NO,  and  was  found 
to  be  strongly  acid.  A  specimen  titrated  was  found  to  contain 
very  nearly  3  per  cent  of  nitric  acid.  The  observations  were  con- 
tinued up  to  a  pressure  of  forty  atmospheres.  There  was  no  indi- 
cation that  the  continuous  spectrum  had  any  connection  with  the 
line  spectrum  of  hydrogen.  There  was  no  increase  of  brilliance  in 
the  neighborhood  of  the  C,  F,  or  G  lines  of  hydrogen.  The  char- 
acters of  the  spectrum  were,  however,  better  seen  in  the  absence 
of  XOj,  and  will  be  described  in  the  next  section. 

Oxygen  Burning  in  Hydrogen. 

In  this  case  the  color  of  the  flame  was  very  different  from  that 
of  hydrogen  burning  in  oxygen.  Instead  of  being  yellow,  it  ap- 
peared, to  the  unaided  eye,  to  have  a  lavender  hue.  In  the  spec- 
troscope it  showed  a  perfectly  continuous  spectrum,  brightest  in 
the  green,  about  the  region  of  the  Fraunhofer  line  b,  and  very 
gradually  fading  away  on  either  side.  On  the  red  side  it  could  be 
just  traced  up  to  about  /  6150,  and  on  the  violet  side  to  about 
/  4285,  at  ordinary  pressures.  The  sodium  lines  were  absent. 
With  increase  of  pressure  it  increased  very  much  in  brightness, 
and  at  8  atmosphere  pressure  it  could  be  traced  as  low  as 
^  6630  and  as  high  as  A  3990. 

The  dispersion  used  was  that  of  a  direct-vison  spectroscope 
(such  as  was  described  by  us,  Roy.  Soc.  Proc,  vol.  ^l,  p.  44-9), 
ecjuivalent  to  three  prisms  of  white  flint  glass,  but  the  collimator 
and -telescope  ver^'  short,  so  as  to  obtain  plenty  of  light.  With 
less  dispersion,  perhaps,  the  continuous  spectrum  might  have 
been  traced  further.  Photographs,  however,  showed  that  it 
scarcely  extended  into  the  ultra-violet.  There  was  no  indication 
that  this  spectrum  was  due  to  an  expansion  of  the  lines  of  either 
the  first,  or  second,  spectrum  of  hj'drogen.  It  is  true  that  the 
maximum  brightness  (which  could  not  be  determined  with  any 
great  accuracy)  was  not  very  far  from  F,  but  no  indication  of 
any  second  maximum  in  the  neighborhood  of  either  C  or  G,  or 
anywhere  else,  could  be  detected.  The  pressure  was  carried  up  to 
12  atmospheres,  and  at  this  pressure  the  \4sible  spectrum  was 
brilliant,  but,  in  the  ultra-violet,  photographs  showed  that  the 
spectrum  consisted  only  of  what  we  have  called  the  **  water- 
spectrum,"  very  strong  and  sharp.  The  lines  of  this  spectrum 
showed  no  signs  of  expansion  even  at  a  pressure  of  12  atmos- 
pheres, and,  though  much  more  intense  than  at  ordinary-  pres- 
sures, remained  clearly  defined. 
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Observations  were  continued  with  the  eye  up  to  25  atmos- 
pheres pressure,  but  no  trace  of  emission,  or  absor|>tion,  corre^w 
ponding  to  either  spectrum  of  hydrogen  could  be  detected,  and  it 
is  doubtful  if  either  spectrum  can  be  produced  in  such  a  flame. 
Since  the  formation  of  steam  from  its  compoueot  ^ases  is  at- 
tended with  a  diminution  of  vokmie,  increased  pressure  will  in- 
crease  the  stability  of  the  compound,  and  the  flame  will  contain  a 
larger  proportion  of  steam,  as  well  as  have  a  higher  temperature, 
than  at  ordinary  pressures. 

The  water  formed  when  the  flame  was  a  jet  of  oxygen  burning 
in  hydrogen  was  found  to  be  alkaline,  and  to  contain  ammonia. 
But  the  proportion  of  ammonia  was  much  less  than  the  propor- 
tion of  nitric  acid  formed  when  the  jet  was  hydrogen  burning  in 
oxygen;  a  specimen  titrated  contained  0,004  per  cent  of  am- 
monia. 

Effects  of  Pressure  on  the  Sodium  Spectrum. 

In  order  to  see  what  effect  would  be  produced  by  increased 
pressure  on  the  spectrum  of  other  substances  in  the  flame,  we 
charged  the  hydrogen  w^ith  sodium  vapor  by  making  it  pass, 
before  entering  the  experimental  cylinder,  through  a  small  iron 
cylinder,  e  in  the  figure,  containing  metallic  sodium,  heated  by  a 
lamp.  As  the  D  lines  of  sodium  are  vei^y*  easily  expanded  and 
self-reversed  in  a  flame  at  ordinary  pressure,  some  care  was 
needed  to  discriminate  the  eft'ects,  which  were  really  to  be  as- 
cribed to  jjressure.  The  gas  was  easily  charged  with  sodium 
vapor,  and  when  burning  in  oxygen,  not  onl_v  the  E)  lines,  but 
the  citron  and  green  pairs,  and  sometimes  the  blue  pair  (a  467), 
and  the  orange  pair  (/■  616),  were  well  seen;  but  we  could  not 
find  that  they  were  expanded  by  increase  of  pressure.  A  sudden 
change  of  pressure  generally  jjroduced  an  expansion,  but  it  did 
not  last;  the  lines  fined  down  again  when  the  pressure  was 
steady,  whether  that  pressure  was  high  or  low.  These  experi- 
continued  up  to  a  pressure  of  forty  atmospheres  without  any 
definite  eflect  on  the  width  of  the  lines  which  could  be  ascribed  to 
the  pressure. 

It  may  be  said  that  at  the  higher  pressure  the  evaporation  of 
the  sodium  would  be  slower,  and  so  the  proportion  of  sodium 
vapor  to  hydrogen  be  diminished  ;  also  when  the  lines  are  diftuse 
at  the  edges  to  begin  with,  it  is  extremely  difliieult  to  judge 
whether  there  is  any  expansion.  At  all  events,  we  nuiy  say  that 
there  is  no  expansion  produced  by  pressure  at  all  comparable 
with  that  produced  in  a  flame  at  ordidar\*  pressure  by  increasing 


Liveing  and  Dewar.  219 

the  quantity  of  sodium  in  the  flame.  We  noticed,  however,  that 
the  presence  of  sodium,  which  produces  a  feeble  continuous  spec- 
trum in  a  flame  at  an  ordinary  pressure,  seemed  to  increase  the 
continuous  si)ectrum  of  the  flame  under  pressure,  especially  in 
the  orange  and  green. 

Oxy-Hydrogen  Jet  in  Carbonic  Acid  Gas, 

For  this  experiment  a  two-branched  tube  (the  upper  one  in  the 
figure)  was  used.  The  jet  of  mixed  oxygen  and  hydrogen  w^as 
first  lighted  and  introduced  into  the  experimental  cylinder,  while 
the  latter  was  full  of  air  and  the  stop-cock  s  open.  The  air  was 
then  replaced  by  CO,  entering  by  the  tube  c.  The  effiect  of  this 
was  at  once  to  brighten  the  flame  and  change  its  color  from  yel- 
low to  blue.  Seen  in  the  spectroscope,  the  change  consisted  in  an 
increase  of  continuous  spectrum,  especiallj"  towards  the  more  re- 
frangible end.  When  the  stop-cock,  s,  was  closed  so  that  the  pres- 
sure rose  in  the  experimental  cylinder,  the  flame  increased  in 
brightness,  but  there  was  no  other  change  in  the  spectrum.  It 
remained  continuous  with  no  bright  or  dark  lines,  or  bands,  ex- 
cept the  D  lines  of  sodium.  It  resembled  an  ordinary  flame  of 
CO.  The  jet  would  not  bum  in  COj  unless  there  was  some  excess 
of  oxygen,  and  even  with  an  excess  of  oxygen  we  could  not  get  it 
to  continue  to  bum  in  COj  at  a  pressure  higher  than  two  atmos- 
pheres. 

Ethylene  in  Oxygen, 

A  jet  of  ethylene  burning  in  oxygen  gave,  when  the  flame  was 
small,  the  usual  candle  flame  spectrum,  together  with  a  band  in 
the  indigo  (/  431)  shading  towards  the  violet;  but  as  the  press- 
ure was  increased  the  continuous  spectrum  brightened  and  com- 
pletely overpowered  the  bands,  and  at  the  same  time  the  absorp- 
tion spectrum  of  NO^  appeared.  We  carried  the  pressure  up  to  33 
atmospheres,  and  at  that  pressure  the  flame  seemed  to  give  noth- 
ing but  a  continuous  spectrum,  intersected  by  the  absorption 
bands  of  NO^.  In  our  tube,  the  flame  was  viewed  almost  directly 
end  on,  and  it  is  possible  that  if  we  had  seen  the  flame  sideways, 
we  might  have  detected  the  hydro-carbon  flame  spectrum  near 
the  nozzle.  At  the  high  pressure  much  soot  separated.  We  tried 
burning  a  mixture  of  ethylene  and  ox^'gen.  The  mixed  jet  burnt 
well  in  air  and,  when  the  supply  of  oxygen  was  sufficient,  gave 
the  hydro-carbon  flame  spectrum.  In  the  experimental  tube  in 
oxygen  the  jet  burnt  well  at  the  atmospheric  pressure,  but  we 
failed  to  get  it  to  continue  burning  when  the  pressure  was  in- 


creased.  The  shaded  band,  commencing  with  a  sharply  defined 
edge  abont  >  431,  seems  to  be  independent  of  the  pressure,  and 
has  been  before  observed  in  a  gas  flame  (Hnggins,i?oj.Soc.Proc., 
vol.  30,  p.  580).  In  fact  the  only  effect  of  pressure  in  this,  as  in 
the  former  cases,  seemed  to  be  the  increase  of  the  continuous  spec- 
trum. 

Cyanogen  and  Oxygen. 

As  we  could  not  obtain  cyanogen  at  such  pressure  as  we  had 
used  in  the  case  of  the  other  gases,  we  were  obliged  to  content 
ourselves  with  ex|>loding  mixtures  of  cyanogen  and  oxygen  in  an 
iron  bottle,  fitted  with  a  quartz  stopper  like  that  of  the  experi- 
mental tul>e  above  described.  The  bottle,  having  been  exhausted 
by  an  air  pump,  was  filled  with  the  mixture  of  gases,  and  ex- 
ploded by  an  electric  spark.  With  less  than  3  vols,  of  oxygen  t<» 
1  vol.  of  cyanogen,  there  was  always  a  considerable  deposit  of 
carbon,  w4iich  covered  the  quartz  and  imi>eded  vision;  l)ut  \\\th 
3  vols,  of  oxygen  to  1  of  cyanogen  the  carbon  w  as  all  burnt. 
Notwithstanding  the  brilliant  banded  spectrum  of  a  flame  of  cy- 
anogen in  oxygen  at  ordinary  pressure,  nothing  but  a  continuous 
spectrum  could  l>e  seen  in  tlie  flash  of  the  exploded  gases,  except 
the  ubiquitous  D  lines  of  sodium.  The  continuous  spectrum  was 
bright.  Photographs  showed  a  continuous  spectrum  with  lines 
of  iron,  calcium,  potassium,  and  sodium,  but  no  c_vanogen  or  car* 
bon  bands,  or  carbon  lines.  When  a  little  hydrogen  was  added  to 
the  mixture  of  gases,  no  trace  of  the  hydrogen  red  or  green  line 
could  be  detected  in  the  si>ectruni  of  the  exploding  gas. 

In  ever>*  case,  the  prominent  feature  of  the  light  emitted  by 
flames  at  high  pressure  appears  to  be  a  strong  continuous  s]iec- 
trum.  There  is  not  the  slightest  indication  that  this  ccmtinuous 
spectrum  is  produced  hy  the  widening  of  the  lines,  or  oblitera* 
tion  of  the  inequalities,  of  the  discontinuous  si>ectra  produced 
by  the  same  gases  at  lower  pressures.  On  the  contrary,  it 
seems  to  be  developed  independently.  This  is,  on  the  w^holc, 
quite  in  accordance  with  what  would  be  expected,  considering 
that  under  pressure  the  niok*cules  of  the  gases  have  much 
less  freedom,  encounters  amongst  them  are  much  more  frequent* 
and  they  have  much  less  chance  of  i-ibrating  independenth%  and 
of  taking  up  exclusively,  or  chiefly,  the  fundamental  rates  of  vi- 
bration which  are  natural  to  them  when  free.  Their  condition* 
during  a  large  part  of  any  given  time,  approximates  to  that  of 
the  molecules  of  a  liquid,  and  their  spectra  approximate  to  that 
of  a  Hquid  to  at  least  a  like  extent.    On  the  other  hand,  the 
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higher  temperature  which,  in  many  flames,  attends  an  increased 
pressure,  ought  to  give  some  intensity  to  the  special  radiation 
which  the  molecules  emit  during  their  time  of  free  motion;  and 
this  we  have  noticed  to  occur  in  the  principal  sections  of  the  dis- 
continuous spectrum  of  the  oxy-hydrogen  flame.  Whether  the 
continuous  spectrum  is  due  to  the  mutual  action  of  the  molecules 
of  the  compressed  gases  may  perhaps  be  best  determined  by  some 
photometric  measures  of  the  rate  at  which  the  brilliance  increases 
with  the  pressure.  Frankland  ('JSxp.  Researches,'  pp.  892  ct  seq.) 
has  made  some  such  measures,  but  not  sufficient  to  solve  the 
question.  We  have  made  an  attempt  to  measure,  not  the  total 
intensity  of  the  light,  but  that  of  rays  of  definite  refrangibility. 

Photometry  of  Oxy-Hydrogen  Flame  under  Pressure, 

The  apparatus  used  for  these  measures  was  a  spectro-photo- 
meter  of  the  pattern  employed  by  Crova  (Annales  de  Chimie, 
scr.  5,  vol.  29,  p.  556).  In  this,  the  rays  of  one  of  the  sources  of 
light  to  be  compared  are  passed  through  two  NicoPs  prisms, 
and  then  reflected  into  one-half  of  the  slit  of  the  spectroscope, 
while  the  light  from  the  other  source  passes  directly  into  the 
other  half  of  the  slit.  By  turning  one  of  the  Nicol  prisms,  the 
light  from  the  first  source  can  be  reduced  at  pleasure,  and  any 
small  section  of  the  spectrum  can  be  separately  observed  by  cut- 
ting oflF  the  rest  by  means  of  a  shutter  in  the  eye-piece.  We 
found  it  by  no  means  eas}'  to  get  good  concordant  observations. 
A  much  larger  vessel  was  used  than  for  the  earlier  experiments, 
one  which  contained  several  litres,  and  so  we  may  presume  a 
more  uniform  pressure  was  maintained  within  it.  The  results  of 
the  best  series  of  observations  on  the  photometric  intensity  of 
the  jet  of  oxygen  burning  in  h3'drogen  are  given  in  the  following 
table.  The  comparison  light  was  a  petroleum  lamp. 
1.  2.  3.  4. 


15  lbs. 

3*^ 

274. 

30  X  32  —   270 

35 

7 

1485 

30  X  7'  —  1470 

i)5 

11 

3641 

30  X  11^=  3630 

75 

14 

5853 

26  X  15^  =  5850 

95 

19 

10600 

29  X  19-  =  10469 

The  first  column  gives  the  pressure  of  the  gas,  the  second  the 
mean  of  four  to  six  observations  of  the  angular  deviation  of  the 
NicoPs  prisms  from  the  position  of  complete  extinction,  for  each 
pressure.  The  third  column  gives  the  squares  of  the  sines  of  the 
angles  in  the  second  column  multiplied  by  100,000. 

It  will  be  seen  from  the  last  column  that  the  numbers  in  the 
third  column,  which  should  be  proportional  to  the  photometric 


intensities  at  the  respective  pressures,  are  approximately  propor- 
tional to  the  squares  of  the  pressures. 

This  may  be  taken  to  indicate  that  the  brightness  of  the  contin- 
uous spectrum  depends  mainly  on  the  mntual  action  of  the  mole- 
cules of  gas. 

A  series  of  similar  observations  on  hydrogen  burning  in  oxygen 
gave  somewhat  different  results,  tabulated  below: 


1. 

2. 

3. 

15  lbs. 

6^ 

1093 

35 

13 

5060 

55 

18 

9549 

75 

22 

14033 

95 

1    28 

17861 

I 


The  flame  was  brighter  than  that  of  oxygen  burning  in  hydro- 
gen at  ordinar)^  pressure ,  but  the  rate  of  increase  with  increased 
pressure  was  not  so  rapid  as  in  the  former  case.  It  seems  as  if  the 
continuous  spectrum  were  made  up  of  two  parts,  one  varying  as 
the  square  of  the  pressure,  and  another  according  to  some  other 
law.  The  flame  is  evidently  not  the  same  in  the  two  cases.  The 
products  of  combustion  derived  from  the  small  quantity  of  air 
are  different,  and  also  the  hydrogen  jet  always  showed  the  pres- 
ence of  sodium,  sometimes  calcium.  The  apjiearance  of  the  flame 
was  also  different ;  the  hydrogen  jet  being  faintly  visible  and  \^el- 
lowish  in  the  elongated  part,  w^hereas  the  light  from  the  oxygen 
jet  w^as  concentrated  near  the  base^  the  point  being  invisible.  The 
measures  of  which  the  means  are  tabulated  above  were  also  less 
concordant  than  the  corresponding  measures  for  the  oxygen  jet. 
We  were  unable  to  carr}'  our  measures  beyond  a  pressure  of  95 
pounds,  because  at  higher  pressures  a  cloud  was  formed  in  the 
apparatus  which  prevented  our  seeing  the  flame  directly.  We 
hope  to  prosecute  these  measures  with  flames  of  other  gases,  and, 
if  possible,  at  higher  pressures. 

The  conclusions  to  which  our  experiments  have  led  seem  incon- 
sistent with  those  which  have  been  drawn  from  PUicker  and  Hit- 
torf  s  well-known  observations  on  the  widening  of  the  hydrogen 
lines  in  vacuous  tubes  with  a  residue  of  hydrogen  when  that  resi- 
due increases.  That  the  widening  of  the  lines  in  a  Plucker's  tube 
results  from  increasing  the  density  of  the  residue  of  hydrogen  in- 
the  tube  cannot  be  gainsaid,  but  we  are  whoIl3^  ignorant  of  the 
mechanism  by  which  the  gas  is  lighted  up  by  the  electric  dis- 
charge. It  is  sometimes  assumed,  but  without  any  suflicient 
reason,  that  the  energy  of  the  electric  current  is  first  converted 
into  heat,  and  then  in  turn  into  radiation;  but  the  electric  en* 
ergy  may  equally  well  be  directly  converted  into  the  motion  of 
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radiation.  As  a  fact,  we  have  never  yet  been  able  to  obtain 
either  the  emission  or  the  absorption  spectrum  of  hydrogen  with- 
out the  aid  of  an  electric  current,  so  that,  in  reasoning  on  this 
spectrum,  we  are  much  more  in  a  region  of  speculation  than 
when  treating  of  flames.  Whether  the  hydrogen  lines,  bright  or 
dark,  in  the  solar  spectrum  are  produced  directly  by  the  high 
temperature  of  the  Sun,  may  even  be  called  in  question.  And 
though  we  may  admit  that  the  density  of  the  hydrogen  in  the 
Sun's  atmosphere,  outside  the  photosphere,  is  but  slight,  it  does 
not  follow  that  the  total  pressure  of  all  the  gases  forming  that 
atmosphere  is  so  very  small  as  Messrs.  Franklin  and  Lockyer 
CRoy.  Soc.  Proc.,'  vol.  17,  p.  288)  have,  from  the  width  of  the 
lines,  concluded  it  to  be.  After  all,  it  is  not  so  easy  to  connect 
the  temperature,  even  of  a  flame,  with  its  radiation,  for  it  is  only 
when  the  condition  of  a  gas  is  steady  that  we  can  assume  that 
there  is  a  definite  relation  between  the  motion  of  agitation,  on 
which  temperature  depends,  and  the  vibratory  motions  on  which 
radiation  depends.  In  speculating  on  such  questions,  chemical, 
as  well  as  electrical,  changes  must  not  be  lost  sight  of  although 
the  latter  may  be  more  directly"  concerned  in  radiation. 

Experiments  which  we  have  commenced  upon  the  arc  in  an  at- 
mosphere of  compressed  gas  tend  to  the  same  conclusion.  It 
does  not  appear  that  the  metallic  lines  in  the  arc  are  sensibly  af- 
fected by  a  steady  pressure  up  to  15  atmospheres.  The  details  of 
these  observations,  which  are  complicated  by  the  variation  of 
resistance  with  change  of  pressure,  we  defer  until  the  experiments 
are  finished. 


ON  THE   PHYSICAL  CHARACTERS  OF    THE  LINES   IN   THE  SPARK 
SPECTRA    OF  THE   ELEMENTS.* 
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The  properties  of  the  atoms  are  a  periodic  function  of  their 
masses,  and  the  physical  characteristics  of  the  spectra  of  the  ele- 
ments appear  to  be  an  expression  of  the  properties  of  the  atoms ; 
for  there  is  undoubtedly  an  intimate  connection  between  the  rays 
emitted  by  the  self-luminous  vapors  of  the  elements  and  their 
chemical  and  physical  properties. 

If  we  photograph  the  spark  spectra  of  thirty  or  forty  of 
the  elements  and  arrange  the  spectra  in  groups  following  the 
periodic  law,  the  arrangement  will  be  seen  to  be  a  perfectly  nat- 
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ural  one*  This  observ-ation  applies  not  onl3'  to  the  g^roupings  of 
the  Hnes»  but  also  to  the  physical  characteristics  of  the  individual 
lines.  In  spark  spectra  the  three  most  striking  characteristics  are 
(1)  an  extension  of  certain  lines  above  and  below  that  part  of 
the  spectrum  bounded  by  the  points  of  the  two  electrodes;  (2) 
the  nimbus  which  surrounds  the  extremities  of  the  lines,  even  to 
some  extent  those  portions  which  form  an  extension;  and  (3) 
the  continuous  spectrum  which  forms  the  background  to  the 
lines. 

(1.)  On  the  Extension  of  the  Lines,— The  spark  discharge^  as 
shown  by  Perrot»  is  composed  of  two  parts,  of  which  the  fiery 
track,  or  central  portion,  is  a  statical  discharge,  and  the  aureole, 
or  flame»  is  dynamical,  and  capable  of  electrol^-tic  action. 

From  careful  obser\'ation  of  the  sparks,  and  photographs  of  ^ 
spectra,  I  have  come  to  regard  all  those  spectra  with  lines  ex- 
tended as  spectra  of  different  discharges  taken  simultaneously. 
The  principal  lines  lying  lictween  point  and  point  of  the  electrodes 
are  spectra  of  the  fiery  path  of  the  spark ;  the  extension  of  the 
principal  lines  above  and  below  the  points  of  the  electrode  ap- 
pear to  be  spectra  of  the  aureole.  The  principal  observation 
which  leads  to  this  conclusion  is  that  the  electrodes  are  seen  to 
glow  silently  and  continuously  above  and  below  the  points  of  the 
\ipper  and  low*er  electrodes »  and  frequently  slight  roughnessc 
present  the  appearance  of  brightly  but  steadily  shining  dots;  par- 
ticularly is  this  the  case  with  those  metals  which  exhibit  the  most 
extended  lines,  as,  for  instance,  cadmium,  thallium,  and  indium. 
The  lines  in  many  spectra  are  free  from  this  extension^  and  no 
glow  is  observed  on  the  electrodes.  A  study  of  about  thirty  dif- 
ferent spectra  of  the  metals  and  semi-metallic  substances  has  led 
to  the  following  observation. 

Elements  which  are  difficult  to  volatilise,  and  those  which  ut 
bad  conductors  of  electricity^  do  not  exhibit  spectra  with  ex^ 
tended  lines  ;  and^  conversely^  metals  which  are  the  best  conduct^- 
ors  and  the  most  volatile  exhibit  spectra  witA  their  principal  lines 
largely  extended. 

The  following  metals  are  good  conductors,  that  is  to  say,  suffi- 
ciently good  not  to  impede  the  spark  when  broad  eleiflrodes 
used,  and  they  are  more  or  less  volatile.  They  show  a  large  ex- 
tension of  their  principal  lines  : 
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Boilhis 
point. 

Atomic 
mass. 

Alaminium. 

Indium 

Thallium.... 

Volatility. 

Atomic 
mass. 

Magncsjuiii . 
Zinc 

1100^  C. 

924°  to 
954°  C. 
763°  to 
722°  C. 

24.4 

65.3 

• 

112.1 

Not  volatilised  by  or- 
dinary means. 

Volatilised  at  a  red 
heat. 

Easily  Volatilised  at  a 
red  heat. 

27.08 
113.7 

Cadmiom  .... 

204.2 

Atomic  mats. 

Copper Not  volatilised  by  ordinary  means 63.33 

Silver Boils  about  1570°  C 107.93 

Mercury Boils  about  357°  C 200.1 

In  these  examples  the  extension  of  lines  is  least  in  the  case  of 
the  least  volatile  metals,  which  are  also  those  of  least  atomic 
mass,  and  it  is  greatest  with  those  which  are  most  volatile  and 
of  greatest  atomic  mass. 

The  continuous  spectrum  in  these  examples  is  very  weak,  and 
the  air  lines  are  almost  absent  from  the  thallium  and  mercury 
spectra,  the  air  spectra  being  suppressed  by  the  excess  of  dense 
vapor  in  the  track  of  the  spark.  The  lines  most  extended  are  the 
following:    In  the  cadmium  spectrum,  those  with  wave-lengths 

3611.8,  3609.6  (a  pair),  3466.8, 3465.4  (apair).  These  pairs  ap- 
pear as  single  lines  if  the  dispersion  is  insufficient  and  the  defini- 
tion imperfect. 

The  most  refrangible  line  of  each  pair  is  the  more  extended. 
The  other  lines  in  this  spectrum  are  3402.9,  2747.7,  2572.2, 
2313.6,  and  2265.9,  all  with  fine  extensions.  In  the  spectrum  of 
thallium,  wave-lengths  3775.6,  3528.8,  3518.6,  and  2917.7. 

In  the  spectrum  of  mercury,  the  lines  with  wave-lengths  4358, 
4046.5,  and  3984  are  well  extended,  but  the  most  important  ex- 
tensions in  this  spectrum  are  the  lines  with  wave-lengths  3662.9, 
3654.4,  3632.9;  the  last  of  these,  which  form  a  well-marked  trip- 
let, is  by  far  the  most  extended.  The  pair  of  lines  3130.4  and 
3124.5  are  greatly  extended,  and  the  same  remark  applies  to 
2966.4  and  2946.6'. 

The  dimensions  of  the  principal  lines  in  the  cadmium,  thallium, 
and  mercury  spectra  were  measured  on  my  enlargements.  The 
principal  portion  of  the  lines  lying  between  point  and  point  of 
the  electrode  was  42  mm.  in  all  spectra.  The  extension  of  the 
Knes  below  was  22  mm.  to  25  mm.,  extension  above,  9  mm.  to 
Wmm.  As  the  extension  is  always  sharp  and  well-defined,  it  is 
unimportant  feature  in  these  spectra.  Even  concentrated  solu- 
tions of  the  metals,  when   photographed    with    graphite  elec- 


trodes,  exhibit  this  extension  in  their  principal  lines.  For  in- 
stance a  solution  of  beryllium  chloride  shows  a  ver}^  remarkable 
extension  above  and  below  the  points  of  the  tipper  and  lower 
electrodes;  the  dimensions  of  the  principal  line,  wave-length 
3130,2,  are  as  follows:  between  the  points,  42  mm.,  below, 
10.5  mm.;  above^  17.5  mm.  It  is  at  the  npper  or  positive  elec- 
trode that  the  longest  extension  is  observed,  but  at  the  lower  or 
negative  electrode  that  it  is  strongest.  In  the  case  of  the  cad- 
mium lines,  the  extension  is  smaller,  but  strong  at  the  side  of  the 
negative  electrode,  and  very  fine  and  long  at  that  of  the  posi- 
tive.* The  appearance  of  lines  due  to  impurities  or  traces  of 
metals  in  the  spectrum  of  the  negative  electrode  only,  I  have  at- 
tributed to  the  oscillation  of  the  spark  discharge^  and  the  fact 
that  the  negative  electrode  is  the  hotter. t 

(2.)  The  Nimbus.— The  nimbus  is  not  apparentl_v  dependent  on 
the  volatility  or  the  oxidisability  of  the  vapor  of  the  elements, 
though  these  properties  are  connected  therewith. 

By  far  the  largest  nimbus  is  that  of  magnesium  ;  those  of  cad- 
mium and  mercury^  stand  next  in  order ;  the  smallest  are  those  of 
platinum,  gold,  copper,  and  silver.  It  is  thus  evident  that 
neither  conductivity  nor  vapor  density-  controls  it,  for  there  is 
very  little  nimbus  on  the  lines  of  the  thallium  and  iridium  spec- 
tra;  but  volatility  certainly  increases  it.  There  is  a  considerable 
nimbus  on  some  of  the  lines  in  the  spectra  of  arsenic,  antimony, 
and  bismuth ;  also  on  a  few  lines  of  tin  and  of  lead.  In  the  case 
of  magnesium,  the  cause  of  the  dense  and  large  nimbus  is  proba- 
bly the  intensity  of  the  chemical  action  of  which  the  ra3's  of  the 
incandescent  vapor  are  capable,  together  with  the  large  quan- 
tity of  metal  in  the  track  of  the  spark,  owing  to  its  volatility. 

The  chemical  activity'  of  the  zinc  rays  is  less  than  that  of  the 
rays  of  magnesium,  but  the  eifect  of  this  is  overbalanced  by  the 
density  of  the  vapor  and  the  volatility  of  the  metal  being  both 
greater;  accordingly  the  lines  of  zinc  have  a  large  nimbus.  The 
nimbus  is  somewhat  larger  on  the  lines  of  cadmium  than  on 
those  of  zinc,  the  volatility  and  the  density  of  the  vapor  are 
both  greater. 

The  nimbus  is  evidently  an  expression  of  the  quantity  of  mat- 
ter in  the  spark,  and  the  intensity  of  the  chemical  action  which 
the  rays  emitted  by'  its  ignited  vapor  are  capable  of  exerting. 

•  In  a  paper  published  in  the  *  Scientific  Proceedings  of  the  Royal  Dublin  So* 
ctety^*  on  the  constittttion  o!"  electric  sparks,  this  docs  not  appear  in  the  Istho- 
grapbed  illustration,  but  I  have  carefully  verified  the  fact  by  reterriug  to  the  origi* 
nal  photogrnphs. 

t  Loc^  ch*,  p.  373. 
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(3.)  On  the  Continuous  Spectrum  which  forms  the  Background 
to  the  Lines  of  certain  Spectra, — This  must  be  caused  by  the  igni- 
tion either  of  some  solid  substance  or  of  a  vapor  which  is  not 
that  of  an  element  but  an  oxide.  An  examination  of  the  spectra 
in  which  the  continuous  background  of  rays  is  a  conspicuous  fea- 
ture discloses  the  fact  that  the  metals  which  are  not  oxidisable 
do  not  possess  it,  for  instance,  gold,  silver,  and  platinum. 
Metals  of  the  iron  group  show  it  near  the  points  of  the  elec- 
trodes when  the  non- volatile  oxides  are  formed.  The  very  vola- 
tile metals  with  volatile  oxides,  such  as  mercury,  iridium,  thal- 
lium, zinc,  and  cadmium,  do  not  show  it. 

Spectra  of  the  metalloids,  such  as  tellurium,  arsenic,  antimony, 
and  bismuth,  which  are  not  only  volatile  but  which  form  vola- 
tile oxides,  show  it  very  strongly.  Ordinarily,  magnesium  does 
not  show  it,  because  the  exposure  necessary  for  photographing 
the  spectrum  of  that  element  is  less  by  one-half  the  period  of  the 
others,  and  by  one-quarter  that  of  tellurium.  When  a  plate  is 
long  exposed  to  the  rays  of  magnesium,  the  continuous  spectrum 
appears  at  the  points  of  the  electrodes  where  the  non-volatile 
oxide  would  be  formed.  It  may  be  considered  that  in  the  pas- 
sage of  the  spark,  the  vapor  of  the  element  fills  the  track,  and 
this  vapor,  on  cooling,  forms,  for  a  minute  period  of  time,  an  in- 
candescent oxide,  and,  the  spectrum  of  this  being  a  continuous 
spectrum,  its  photograph  appears  as  a  background  to  the  rays 
emitted  by  the  element. 

But  it  is  nevertheless  the  fact  that  the  continuous  background 
is  a  very  characteristic  feature  of  the  metalloids,  though  why  the 
vapors  of  these  oxides  should  produce  this  action  more  conspicu- 
0USI3'  than  those  of  the  oxides  of  the  volatile  metals,  there  seems 
to  be  no  sufficient  or  well-understood  reason  to  be  advanced  at 
present.  It  may  be  that  the  vapors  of  the  metalloids  in  cooling 
emit  a  continuous  spectrum  for  a  short  period  prior  to  oxida- 
tion. 

On  the  Breadth  of  Lines, — It  is  well  known  that  under  identi- 
cal conditions,  the  principal  lines  in  the  spectrum  of  an  element 
become  stronger  and  broader  as  the  rays  forming  the  spectrum 
proceed  from  a  larger  quantity  of  material,  that  is  to  say,  form 
a  denser  radiating  layer.  It  is  evident,  then,  that  in  any  series  of 
three  or  more  elements  of  similar  character,  the  intensity  and  the 
breadth  of  the  lines  in  their  spectra  will  depend  upon  (1)  inten- 
sity of  chemical  energy,  (2)  volatility  and  vapor  density,  and  (3) 
electric  conductivity  of  the  metal.  In  accordance  with  these  con- 
ditions, the  lines  of  cadmium  are  broader  than  those  of  zinc,  and 
the  Hnes  of  zinc  broader  than  those  of  magnesium. 
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Date 

Magn. 

1891  December  10 

5.37 

ti 

11 

5.33 

t* 

13 

5.22 

it 

17 

4.67 

cc 

18 
It 

4.46 

ti 

28 

4.55 

tc 

30 

4.60 

1892  January 

5 

4.58 

t* 

8 

4.72 

«( 

9 

4.67 

ti 

16 

4.96 

tt 

20 

5.23 

To  secure  lodependence  in  the  measurements  an  assistant  re- 
corded the  numbers  of  the  plates  and  the  measures,  rearranged 
their  order  according  to  chance,  and  returned  them  to  Mrs*  Flem- 
ing to  be  measured  again,  A  third  measure  was  made  in  th« 
same  way.  On  December  10,  11,  18,  28,  and  30,  1891,  and  i 
Januar}'  5,  8,  9,  and  16,  two  photographic  images  of  the  sti 
were  obtained.  On  December  17  and  18  the  first  measures  were 
repeated.  The  corresponding  dates,  magnitudes  and  residuals 
expressed  in  tenths  of  a  magnitude  are  given  in  the  following 
table: 

Residaals. 

0-1—1       0      0      0 

0      0      0+1+1      0 

0      0      0+1       0      0 

0      0—1—1       0      0 

—1—1—1+1       0+1 

—2—2—2—1+1+2 

0—1—1      0      0—1 

^1+1      0—1+1       0 

—1       0+1—1—1+1 

0      0      0+1       0       0 

0+1-1-1      0—1 

0      0      0      0      0       0 

+  10      0 

The  accordance  of  the  measures  is  shown  by  the  average  res 
ual  which  equals  ±  .05.  From  this  it  appears  that  the  star  m 
fainter  than  the  eleventh  magnitude  on  November  2,  1891,  than 
the  sixth  magnitude  on  December  1,  and  that  it  was  increasing 
rapidly  on  December  10.  A  graphical  construction  indicates  that 
it  had  probably  attained  the  seventh  magnitude  within  a  day  or 
two  of  December  2,  and  the  sixth  magnitude  December  7.  The 
brightness  increased  rapidly  until  December  18,  attaining  its 
maximum  about  December  20  when  its  magnitude  was  4.4.  It 
then  began  to  decrease  slowly  with  slight  fluctuations  until  Jan- 
uarv  20  when  it  was  somewhat  below  the  fifth  magnitude.  All 
of  those  changes  took  place  before  its  discovery,  so  that  it  es- 
caped observation  nearly  two  months.  During  half  of  this  time 
it  was  probably  brighter  than  the  fifth  magnitude. 

Since  the  announcement  on  February  2  of  its  discovery  it  has 
been  closeh"  followed  at  this  Observatory  both  visually  and  pho- 
tographically. Comparisons  b3'  Argelander's  method  visually  are 
made  every  clear  night  by  Mr.  O.  C.  Wendell  and  Mr.  W.  M. 
Reed.  Comparison  stars  have  been  selected  so  as  to  form  a 
sequence  having  intervals  of  three  or  four  tenths  of  a  magnitude. 
Their  numbers,  positions  for  1855.0  and  magnitudes  according 
to  the  Durchmusterung  are  given  below  when  they  occur  in  that 
catalogue.    In  other  cases  the  positions  have  been  determined 
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The  iVe  w  Star  in  Auriga,, 


directly. 
Atirigae. 

Dcsijs^n. 


The    first  of   these  stars  is  16  Aurigae,  the  second  x 
The  faintest  star  w^is  of  the  twelfth  magnitude. 


D.  M.     No, 


R.  A. 


Dec. 


Magn. 


J3.I 

5-1 

4.8 

4.8 

4^.1 

59 

254 

6.0 

4-* 

6.1 

7.6 

6.2 

3.9 

7,0 

317 

7** 

4.S 

7-4 

550 

7.^> 

40.8 

7'  ~ 

28.4 

8.^ 

l<>S 

8.7 

5-9 

9-3 

28.0 

94 

27*5 

2t.2 

26.2 

18.3 

29.4 

19,9 

Nova  5    22    40.3  4- 

The  magnitudes  of  all  these  stars  will  be  determined  photo- 
metrically for  use  in  the  final  reduction.  On  every  clear  night 
Mr.  Wendell  also  compares  the  Nova  with  the  star  s  in  the  list 
given  above.  These  observations  are  made  with  the  15*itich 
equatorial  b^^  means  of  a  polariasation  photometer  (H.  C.  O. 
Annals  XI,  Part  I).  Measures  of  the  Nova  and  of  the  brighter 
comparison  stars  are  made  by  Mr.  S.  L  Bailey  and  the  writer 
with  the  meridian  photometer.  Five  independent  series  of  \nsual 
observations  will  thus  be  obtained  which  will  test  the  reality  of 
any  apparent  fluctuation.  The  position  of  the  Nova  with  regard 
to  Weisse  5''  709  which  is  DM.  +  30-  9  t2.  has  been  determined 
by  Mr.  Wendell  with  the  15  inch  equatorial.  The  dates,  the 
resulting  differences  in  right  ascension  and  declination »  and  the 
position  for  1900.0  are  given  below. 


Date 
Feb.  4 

ni       s 

—  1  48,20 

r           ** 

— B  21.2 
—  6  19/J 
-6   20.3 

(X  i9(jn,o 

5  25  33.4c » 
5  25  33,31 
5  25  33,27 

<M900.n 

4  30  22  13.2 

Feb  Ci 

Feb.  9 

.......— 1  48.29 

..,.,..—  1  48.33 

4-  30  22  14.5 
+  30  22  14.1 

All 

—  1  48.27 

—  6  20.5 

5  25  33.33 

+  30  22  13.9 

I 


Photographic  charts  are  made  every  clear  evening  with  the 
8-inch  Draper  telescope,  and  photographs  are  also  taken  with 
the  transit  photometer. 

An  imjiortant  series  of  photographs  of  the  spectrum  is  being 
obtained  with  the  11-inch  Draper  telescope,  and  since  the  star 
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will  probably  soon  be  too  faint  to  photograph  in  this  way, 
spectra  are  also  taken  with  the  8-inch  telescope  using  a  small 
dispersion.  The  spectrum  can  thus  be  photographed  until  the 
star  is  as  faint  as  the  eleventh  magnitude.  With  these  last  pho- 
tographs several  lines,  including  F,  G,  h,  K,  and  a,  appear  to  be 
bright.  But  on  closer  examination  they  are  shown  to  be  really 
dark  with  the  edge  of  greater  wave-length  bright.  This  is  con- 
firmed with  the  greater  dispersion,  the  bright  lines  really  consist- 
ing of  broad  bands  sharply  defined  on  the  edge  of  smaller  wave- 
length. The  breadth  of  the  bands  is  not  due  to  poor  definition 
since  numerous  fine  lines  are  also  visible.  Many  of  the  lines, 
including  the  K  line  and  those  due  to  hydrogen  are  double.  The 
evidence  that  this  doubling  is  due  to  the  different  velocities  of 
different  portions  of  this  object  is  not  conclusive  owing  to  the 
breadth  of  the  bands.  The  difference  in  velocity  indicated  by  the 
separation  of  the  lines  i%  about  370  kilometers  per  second.  The 
apparent  separation  of  the  different  lines  in  the  photograph  in- 
creases as  the  wave-length  diminishes,  as  it  should  according  to 
this  theory  owing  to  the  increasing  dispersion  of  the  violet  rays. 
Two  explanations  have  been  offered  of  the  sudden  increase  in 
light  of  stars  of  this  class— the  mechanical  theory  that  it  is 
caused  by  approach  or  collision,  and  the  chemical  theory  that 
it  is  due  to  volcanic  action.  The  doubling  of  the  lines  strength- 
ens the  first  of  the  above  theories  rather  than  the  second. 
Harvard  College  Observatory, 
Cambridge,  Mass.,  February  15,  1892. 


ON  THE  visible  SPECTRUM   OF  THE   NEW   STAR  IN   AURIGA.* 


HENRY   CREW. 


The  following  is  only  a  preliminary  general  description  of  the 
spectrum  of  Nova  Auriga,  whose  appearance  was  announced  at 
this  Observatorj'  on  the  6th  of  February,  1892.  The  observa- 
tions cover  two  evenings,  Feb.  10th  and  11th,  and  were  made 
with  the  spectrometer  attached  to  the  36-inch. 

The  wave-lengths,  while  in  no  sense  final,  will  be  found  much 
more  accurate  than  necessary  to  identify  the  lines,  and  will  fur- 
nish a  hint  as  to  the  identity  of  some  of  them  with  known  lines. 
The  positions  were  determined  by  comparison  with  the  lunar  and 
spark  spectra.    The  wave-lengths  of  the  principal  lines  are  given 

•  Commtmicated  by  the  author. 
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in  the  following  table.    The  values  for  lines  11  and  14  are  more^ 
accurate  than  the  others,  these  ha\ing  l:>een  measured  with  a 
14,438-line  grating  in  the  third  order:  line  No.  11  \vas  compared 
with  b^  of  the  magnesium  spark,  and  line  No.  14  w4th  F  of  the 
h3'drogen  tube. 

The  remaining  lines  were  detemiiiied  b}-  the  use  of  a  compound 
prism.  The  numbers  of  the  lines  correspond  with  those  in  the  ac- 
compan\'ing  diagram*  \vhich»  taken  ^vitb  the  light  curve  uoder- 
ne<ith,  will  give  some  idea  of  what  can  be  seen  with  the  eje. 


7  1     t     t-T-t     '  .   '. .   ^     i     '  .   '     »    »     t    f 


9^n 


S89S. 


7 

5205. 

ft 

5^54. 

9 

52113. 

11 

5167.1 

la    5009, 
13    4920, 


14 

16 


4861,6 
4352. 


Line.  Wttvc-lcngtTl.  DeicrlptifMi. 

1         0566.$         Probably  C:  very  broad  and  briifht   in  prism:  not  seen  in  grutlng: 

more  brilJinnt  than   C  lint  in   Phi   Pcraci,  but  not  «o  briitbt  or 

fthiirp  as  C  in  Gamma  CasaiopeiTf,  when  thii  last  star  is  at  its 

briirhtcsit 
Fnint,  broad,  diffnsir. 
Not  quite  no  bri£rht  an  2:  but  broader:  both  2  and  3  miiy  be  bri^lit 

only  in  compari*oa  with  neighboring  iibs.ori>lbin  hands.  ! 

Ycllow'linc,  just  btlow   Dj :  intensity  diminishes  very  rapidly  on  tJie  ^ 

side  towardii  the  violet;  at  times  this  edge  appears  very  sharp: 

just  above   this  lint;   there  is  a  rather  narro%v,  dark*  absorption 

band,  suspiciously  near  D. 

i  Three  very  famt  lines:  dtlUcult  to  say  whether  they  are  really  bright 
lines  or  simply  bright  re^fiuns  bounded  by  dark  spaces. 

Much  more  brilliant  than  any  of  the  preceding:  quite  broad:  mucli 
«>hnn>«'f  on  the  upper  side  than  the  lower;  nearly  coincidcn  with 
hf.  The  most  brilliant  part  of  the  continuous  spectrum  is  tcr> 
rainated  abruptly  by  this  line. 

Of  about  the  same  brilliani^y  as  11 .  aiid«  lltie  it,  sYiarper  00  the  up- 
per Hide,    Nebular  ? 

Much  fainter  than  either  of  its  neijchbors:  perhaps  half  as  bright  as 
12. 

Probably  F:  very  wide:  not  less  than  6  tenth-metres  tn  width: 
measures  made  on  t^nter- 

Uy  ?    Wide,  and  difficult  to  see :  but  not  doubtful. 

It  is  not  an  easy  matter  to  describe  the  intensities  of  these  litie» 
except  by  comparison  with  their  immediate  neighbors.  As  seen 
with  a  single  prism  attached  to  the  12-inch,  the  lines  ll,  12,  and 
14  appear  intermediate  in  brilliancy  between  the  two  green  lines 
in  the  WolfRayet  star,  Lalande  134-12:  the  continuous  part  of 
the  spectrum  is,  however,  much  brighter  than  that  of  the  La- 
lande Stan 

The  ordinates  of  the  light  curve,  given  above,  are  for  the  prism, 
although  plotted  to  a  normal  scale:  that  is,  the  relative  values  of 
the  ordinates  arc  approximately  correct,  but  the  relative  areas  of 
different  portions  do  not  represent  the  relative  amounts  of  light 
which  these  portions  give.  The  curve  w^as  draw^n  at  the  eye  end 
of  the  telescope. 
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The  new  star  thus  falls,  apparently,  into  VogePs  class,  II.  fc, 
bright  lines  being  superposed  upon  an  absorption  spectrum. 

It  might  be  called  a  typical  specimen  but  for  the  fact  that  the 
absorption  appears  to  take  the  form  of  bands  rather  than  lines. 

Photographs  may  show,  however,  that  these  bands,  such  as 
those  indicated  in  the  curve  between  lines  11, 12, 13,  and  14,  are 
really  made  up  of  lines  which  have  not  been  seen,  by  the  writer  at 
least,  on  account  of  the  faintness  (fifth  magnitude)  of  the  star. 

Perhaps  the  general  appearance  of  the  spectrum  cannot  be  bet- 
ter described  than  by  saying  that  it  has  '*  a  ragged  look." 
Lick  Observatory, 

18th  of  February,  1892. 


ATTRO-PHYSICAL    NOTES. 


All  articles  and  correspondence  relating  to  spectroscopy  and  other  subjects 
properly  irclnded  in  Astro-Physics  should  be  addressed  to  George  E.  Hale,  Ken- 
wood Astro-Physical  Observatory,  Chicago,  U.  S.  A.  Authors  of  papers  are 
requested  to  refer  to  page  256  for  information  in  regard  to  illustrations,  reprint 
copies,  etc. 


A  New  Star  in  Anriga.— A  telegram  received  from  Professor  E.  C.  Pickering  of 
the  Harvard  College  Observatory  gives  the  following  position  for  a  new  star  in 
Auriga :  R.  A.  5^  25°»  33',  Decl.  30*»  22'  14".  On  Feb.  15  the  star  was  of  the  fifth 
magnitude.  We  learn  from  Professor  Holden  that  all  the  resources  of  the  Lick 
Observatory  have  been  brought  into  play  in  a  stud^'  of  the  Nova.  Photographs 
arc  being  taken  with  the  36-inch  telescope  for  position,  and  with  the  Crocker  tele- 
scope (several  times  each  night)  for  magnitude;  Polaris  is  used  as  a  standard  on 
the  plates  for  photometric  determinations.  The  spectrum  is  also  being  observed 
for  relative  brightness  of  lines,  and  measures  of  their  position  will  follow.  At 
the  Kenwood  Observatory  cloudy  weather  has  up  to  the  present  time  prevented 
any  observation. 

The  note  below  from  Nature  February'  4-,  tells  of  the  first  observations  of 
the  Nova :  The  following  circular  was  issued  from  the  Royal  Observatory,  Edin- 
burgh, 1892,  February  2: 

Yesterday  an  anonymous  post-card  was  received  here  bearing  the  following 
communication : 

**A'ova  in  Auriga.  In  Milky  Way,  about  two  degrees  south  of  x  Aurigac,  pre- 
ceding 26  Aurigae.    Fifth  magnitude,  slightly  brighter  than  ^." 

At  6*»  8"*  c.  M.  T.  the  star  was  easily  found  with  an  opera  glass.  It  was  of  a 
yellow  tint,  and  of  the  sixth  magnitude,  being  equal  to  26  Auriga?.  Examined 
with  a  prism  between  the  eye  and  the  eye-piece  of  the  24.inch  reflector,  it  was 
iniinediately  seen  to  possess  a  spectrum  very  like  that  of  the  Nova  of  1866.  The 
Cline  was  intensely  bright,  a  yellow  line  about  D  fairly  visible;  four  bright  lines 
or  bands  were  conspicuous  in  the  green:  and  lastly  a  bright  line  in  the  violet 
(probably  H^)  was  easily  seen. 

A  telegraphic  notice  was  sent  to  Greenwich  in  the  afternoon,  and  later  on. 


when  the  true  nature  of  the  object  was  recog^nized,  to  Kiel,  for  general  distribti* 
tion.    The  star  was  photographed  last  night  at  Greenwich. 

Its  place  for  1892.0  is  5^  25"  3'  +  30^  21'.  It  does?  not  occur  in  the  Bonn 
map-  KALPn  copei*and. 

Dr.  Muggins  has  sent  us  the  following  note  on  his  observations  of  the  spec*' 
trura  of  the  Nova;  it  was  first  printed  in  the  London  Times,  Feb.  8,  1892: 

•'Our  observations  began  on  the  evening  of  the  2nd  inst.,  when  the  star  was 
not  much  brighter  than  the  5th  magnitude,  less  bright  than  the  star  of  1866, 
which  was  about  the  2nd  maguitade,  and  that  of  1876,  which  wa«  about  3H 
magnitude  when  first  observed. 

**  The  most  noticeable  feature  in  the  new  star'**  spectrum — common  also  to  the 
stars  of  1866  and  18T6 — and  which  Dr-  Coix^land  had  already  seen,  was  the 
very  great  brilliancy  of  the  red.  green,  and  blue  lines  of  hydrogen,  '  The  reality  of 
these  tines  was  made  certain  by  comparison  with  the  corresponding  lines  of  ter- 
restrial hj'drogen.  The  bright  double  line  of  sodium  was  conspicuous  and  its 
nature  coulirmed  by  a  comparison  with  a  flame  containing  sodium.  Very  strik- 
ing were  three  brilliant  lines  in  the  green  on  the  red  side  of  F,  and  making  with  it 
a  remarkably  splmdid  quartet  of  bright  lines.  The  first  line  is  distant  from  F 
about  one-third  of  the  interval  separating  it  from  the  second  line.  The  next  line 
fallSj  as  was  shown  by  the  method  of  direct  comparison,  ver}'  near  the  position  of 
the  chief  nebular  line.  But  it  Is  not  possible  to  say  certainly  yet  whether  it  is 
the  nebular  line  or  a  line  of  some  other  substance  accidentally  close  to  it.  It  is 
desirable  that  the  motion  in  the  line  of  sight  of  the  star  should  be  known,  in  con- 
sequence of  which  the  whole  spectrum  might  be  shifted  a  Httle  towards  the  red  or 
the  blue.  The  cloudy  state  of  the  sk^-  on  Friday  night  prevented  us  from  at- 
tempting the  determination  of  the  star's  motion.  The  probability  of  the  pres- 
ence of  the  chief  nebular  line  would  be  much  greater  if  the  second  nebular  line 
were  found  in  the  star»  and  there  are,  indeed,  three  lines,  but  much  fainter  rela- 
tively, not  far  from  the  position  of  the  second  Hue.  At  present  we  reserve  ot 
opinion,  though  we  inchne  to  consider  no  one  of  them  to  be  the  second  nebularl 
line.  The  third  brilliant  line  from  F  appears  in  a  small  spectroscope  to  fall  near 
the  beginning  of  the  brightest  of  the  hydro-carbon  flutings,  but  greater  resolving 
power  shows  the  line  or  band  not  to  be  coincident  with  this  fluting. 

•*The  sjjectrum  ot  the  star  is  superb,  glittering  with  lines  throughout.  There 
are  bright  lines  in  the  red  near  C  ;  a  brilliant  line  about  one  third  of  the  distance 
from  C  to  D ;  and  there  is  a  bright  line  on  each  side  of  D, 

**If  only  the  weather  be  propitious,  we  hope  to  clear  up  the  points  I  ha^T 
mentioned,  as  well  as  many  others,  and  to  supplement  our  cyt  observations  by 
photographs  of  the  invisible  region  of  the  s|Kctrum." 

We  learn  from  iVaeure*of  Feb.  11  that  the  spectrum  of  the  Nova  was  photo- 
graphed at  South  Kensington  by  Mr.  Xonnan  Lockyer  on  the  night  of  Feb.  3, 
employing  a  6-inch  objective  with  a  prism  before  it.  The  approximate  positions 
of  13  lines  were  obtained  from  two  photographs,  and  G,  h,  H,  and  K  were  pres- 
ent. No  mentionjis  made,  however,  of  the  remarUable  characteristics  of  the 
spectrum  which  are  so  well  brought  out  in  Professor  Pickering's  photograph. 
The  visual  spectrum  was  examined  with  a  3-foot  reflector,  and  of  it  Mr.  Lockyer 
remarks:  "C  was  the  brightest  line  ob^rved.  In  the  green  there  were  several 
lines,  the  brightest  of  which  was  in  all  probability  F,the  position  being  estimated 
by  comparison  with  the  flame  of  a  wax  taper.  Another  line  was  coincident— 
with  the  di8f)ersion  employed^with  the  radiation  at  wave-length  500  from  bum 
ing  magnesium  wire.    A  fainter  line  between  the  two  last  named  was  probably 
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near  X  495,  thus  completitig  the  trio  of  lines  which  is  characteristic  of  the  spectra 
of  nebnlae.  There  was  also  a  fairly  bright  line  or  band  coincident  with  the  edge 
of  the  carbon  fluting  at  X  517  given  by  the  flame  of  the  taper.  A  feeble  line  in 
the  yellow  was  coincident  under  the  conditions  employed  with  the  sodium  line  at 
D.  The  hydrogen  line  at  G  was  distinctly  seen^  as  well  as  a  band,  or  group  of 
lines,  between  G  and  F." 

Nova  Aurigse. — Letter  from  Professor  Holden. 

Lick  Obsbrvatory,  February  18,  1892. 

Mr  Dbar  Mr.  Hale: 

Dr.  Crew  will  send  you  to-day  or  to-morrow  a  short  tiote  on  the  visible  spectrum 
of  Xova  Anri^ae.  Besides  the  observations  which  he  ifives,  others  have  been  made  here, 
which  will  be  published  in  due  time.    They  are 

(« I.  A  series  of  visual  comparisons  of  the  magnitude  of  the  new  star  with  the  magni- 
tudes of  H.  r.  lOOl  and  1033  by  Professors  Schteberle  and  Campbell. 

(6).  A  series  of  photographs  of  the  neig^hborhood  of  Nova  and  of  Polaris  (with  the 
Crocker  portrait-lens  on  the  same  plates)  for  the  purpose  of  determininn:  the  photographic 
magnitude  of  the  new  star.  At  least  one  such  plate  has  been  taken  by  Professor  Scha^- 
berle.  and  at  once  developed,  on  every  clear  ni^^ht  since  the  afternoon  of  February  6  (when 
we  first  heard  of  the  star's  appearance).  Whenever  desirable  (and  possible)  other  plates 
have  been  taken  on  the  same  nights.  A  considerable  range  of  variation  in  magnitude 
has  bem  manifested  in  the  observations  already  made,  and  they  appear  to  fall  into  a 
short  period.     Further  good  weather  is  required  to  decide  this  point.  * 

<c).  Visual  spectroscopic  observations  have  b«ren  made  by  Professor  Campbell  on  sev- 
eral nights.  The  places  of  some  25  bands  and  lines  have  been  fixed  by  measurements. 
Comparisons  show  that  the  hydrogen  lines  are  bright  and  that  D  (not  T>M  is  also  bright. 

{d\  The  spectrum  has  also  been  photographed  by  Professor  Campbell  with  the  36- 
inch  and  the  12-incn  equatorials.  The  photographs  fix  the  place  of  some  25  other  bands 
and  lines  in  the  spectrum ;  and  they  confirm  his  visual  obseri'ations  with  regard  to  the 
nature  of  the  hydrogen  lines  of  the  star.  Attempts  to  photograph  the  D*s  were  not 
sncceitsfnl.  as  our  plates  were  not  suitable. 

Other  series  of  observations  are  planned  and  will  be  carried  out  if  the  weather  per- 
mits. I  am.  my  dear  Mr.  Hale. 

Very  sincerely  yours, 

Kdward  S.  Hglde.n. 


Profiess  in  SoUr  Photography  at  the  Kenwood  Observatory.— In  the  last  num- 
ber of  Astronomy  and  Astro-Physics  it  was  stated  in  a  **  Note  on  Recent  Solar 
Investigations**  that  photographs  had  been  obtained  at  the  Kenwood  Observa- 
tor>-  of  the  regions  on  the  Sun  in  which  the  H  and  K  lines  are  reversed.  Since 
that  time  the  work  has  been  continued,  and  it  has  been  found  that  the  reversals 
take  place  in  the  faculs,  so  that  we  are  now  in  possession  of  a  new  method  of 
photographing  the  faculse.  The  great  advantage  which  this  method  offers  lies  in 
the  fact  that  the  faculae  are  as  well  shown  at  the  center  of  the  Sun's  disc  as  at  the 
limb.  We  shall  thus  be  able  to  study  them  more  thoroughly  than  has  before  been 
possible.  The  spots  are  shown  on  the  same  plates  with  the  faculae,  and  with  a 
somewhat  slower  speed  of  the  clepsydra  the  prominences  are  obtained  by  the 
same  method.  Since  the  great  spot  entered  the  disc  on  Feb.  4-  we  have  obtained 
•to  photographs  showing  the  spot  and  surrounding  faculae,  and  a  large  number 
of  its  spectrum. 

The  first  photographs  showing  all  the  prominences  around  the  Sun's  limb 
with  a  single  exposure  were  made  here  early  in  February. 

Group  of  Stars  of  the  Fifth  Type  in  Cepheus.— Professor  E.  C.  Pickering  com- 
municates to  .4.  A^.  3070  the  following  note  on  this  subject:  **  The  photographic 
sptctraofthe  stars  DM.  -}- o5°.2721,magn.  8.9,and  DM.  -f  56°.2818.  magn.  8.1), 
whose  approximate  positions  for  1900  are  in  R.A.  22*^  15'";  Dec  +  55=  37',  and 
R  A.  22''  32'".9;  Dec.  4-  56°  23'.  are  well  shown  in  a  photograph  taken  at  the  Har- 
vard College  Observator>'  on  Octol)er  10,  1891.  They  prove  to  l)e  of  the  fifth 
^}*pe,  their  spectrum  being  similar  to  that  of  the  stars  discovered  by  Wojf  and 
'^.vet.  On  November  2,  1891,  a  photogniph  of  the  same  region  was  taken  for 
confirmation  of  this  peculiarity,  and  from  this  plate  another  star  having  a  sikc- 


trum  of  the  i5fth  t,vpe  was  discovered.  The  approximate  position  of  this  star 
for  1900  is  in  R.A.  22»>  23»".7;  Dec.  -f  55°  46'.  The  presence  of  bright  lines  in  the 
sjjectnim  of  the  last  named  star  was  confirmed  from  a  plate  taken  on  Xovembcr 
3,  1891.  This  increases  the  numl>er  of  known  fifth  tjpe  stars  to  38.  These  three 
stars,  like  all  the  others  of  the  same  class,  fall  near  the  central  line  of  the  Milky 
Way,  their  galactic  latitudes  being  —  0°  50',  —  !*=■  25'  and  —  1*=*  20'  respectively* 
Their  galactic  longitudes  arc  70"^  29',  73^  3'  and  "I''  38'  respectively." 


Nebulosity  about  the  Wolf*Rayet  Stars.— In  the  January  number  of  ATwoiv/ec/^ 
there  is  an  interesting  letter  from  Kev.  T,  E.  Espin  in  regard  to  Dr.  Max  Wolfs 
photographs  of  Cygnus,  In  spite  of  the  bri>jht  illumination  of  the  sky  by  a  moon 
onl3'  three  days  past  tlie  full,  the  Rev.  Espin  was  able  to  see  every  star  shown  in 
Dr,  Wolfs  beautiful  photograph  (reproduced  in  Knowfcdgc,  December  1891),  in 
tbc  thi-ee  zones  which  he  examined.  It  is  thus  regarded  as  probable  that  all  the 
stars  on  the  photograph*  which  was  given  an  exposure  of  thirteen  hourSi  are 
within  the  14,5  magnitude  on  Argelander's  scale- 
But  another  fact  is  hroujL*ht  out  which  is  very  significant.  It  will  be  remem- 
bered that  in  Dr.  Huggins'  pa^Der  on  the  spectrum  of  the  Wolf-Rayet  stars  in 
Cygnus  I  Proceedings  Ro.val  Society,  No.  2i»6)  an  account  is  given  of  sonic  photo- 
graphs taken  by  Mr.  Isaac  Rol>erts  to  ascertain  whether  any  nebulosity  were 
present  in  connection  with  these  peculiar  bright  line  stars.  With  an  ejtjKJsure  of 
3t>  15"*  Mr.  Roljcrts  found  no  traces  of  nebulosity.  But  recent  results  show  that 
this  negative  conclusion  was  probably  due  to  the  too  great  focal  length  of  the 
telescope  employed.  At.  the  request  of  the  Rev.  Esptn,  Dr.  Wolf  has  photographed 
the  same  region  with  his  short  focus  portrait  lens,  and  although  the  exposure 
was  too  short  to  bring  out  any  definite  form,  there  seems  to  be  no  doubt  that 
the  Wolf'Rayet  stars,  and  also  the  bright  line  star  P  Cygni,are  directly  connected 
with  ucbiilous  matter.  Considering  the  peculiar  type  of  spectrum  which  these 
stars  possess^  and  the  fact  that  they  tend  to  group  themselves  in  the  plane  of  the 
Milky  Way,  this  discovery  of  nebulous  appendages  must  Ijc  regarded  as  of  c<»n- 
sidemble  importance. 


Photographic  HAlation  and  Its  Remedy.—The  reflection  of  light  from  the  back 
of  the  plate  during  exposure  is  often  verv  troublesome  in  astronomical  jihotog- 
rapbVj  and  many  methods  of  obviating  the  difficulty  have  l>ecn  propiised.  In  the 
Photographic  Times  for  Feb.  5,  1892,  a  method  which  was  devised  by  the  well* 
known  spcctroscopist,  M.  A.  Comu,  is  described  as  follows:  **lf  we  make  a  mix- 
ture of  s/.t  rohimes  of  essence  of  clove  and  one  vohttne  of  turpentine  oil  we  find 
that  it  possesses  the  same  index  of  refraction  as  glass  b}'  immersing  in  it  a  strip 
of  glass  plate  from  which  the  emulsion  has  been  scraped  off.  In  the  liquid  the 
plate  is  almost  entirely  invisible,  the  edges  onl_v  being  apparent  by  a  slight  red  or 
bluish  green  coloratitm.  The  mixture  is  thickened  with  hunpblack  to  form  a 
paste,  which  is  applied  on  the  back  of  the  plate  with  a  brush  tir  n  tuft  of  cotton. 
The  photo  fihn  is  exposed  in  the  camera,  and,  before  developing,  one  wi|>es  off  the 
black  paste,  and  then  develops  as  usuah  These  manipulations  are  not  very 
agreeable,  but  it  gives  one  the  absolute  certaintv  that  the  halo  will  be  entirely 
avoided." 

In  the  Year  Book  of  Photography  for  1886,  Mr,  Edgar  Clifton  recommends  a 

niixttire  of  Immt  sienna  ground  in  water  with  dextrine  and  water  until  lhec6n- 

nstency  of  thick  cream  is  reached.    This  is  applied  to  the  back  of  the  plates  with 

I  soft  sponge,  and  will  be  dry  and  ready  for  use  in  from  fifteen  to  twenty  minutes. 
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A  dyed  collodion  film  in  contact  with  the  back  surface  of  the  plate  has  also 
been  proposed,  bnt  one  of  the  above  methods  would  probably  prove  more  satis- 
factory.   

Herr  Schtmuum's  New  Vacniim-Spectrograph.— In  a  letter  dated  Jan.  15  Herr 
Schumann  writes  us  from  Leipzig  that  by  diligent  work  during  the  holidays  he 
has  been  able  to  practically  complete  his  new  spectrograph,  which  is  to  be  used 
in  a  vacuum  for  photographing  the  extreme  ultra-violet  of  the  hydrogen  spectrum. 
Reference  was  made  to  this  instrument  in  our  note  in  the  February  number  on 
Herr  Schumann's  discoveries,  where  it  was  pointed  out  that  the  shortest  light- 
waves are  absorbed  by  air,  and  must  therefore  be  investigated  in  a  vacutvm. 

The  spectrograph  is  furnished  with  a  70°  prism  and  two  lenses  of  120"™  focal 
length  (for  X  5890).  The  material  of  which  they  are  made  is  white  fluor-spar,  ob- 
tained for  Herr  Schumann  in  a  remarkably  pure  state  by  the  well-known  optical 
house  of  Carl  Zeiss.  Quartz  cannot  be  used  in  this  research,  as  it  exercises  consid- 
erable absorption  above  X  1820.  In  its  present  improved  form  the  spectrograph 
is  so  constructed  that  all  of  the  following  adjustments  can  be  made  when  the  in- 
strument is  in  a  vacuum,  or  filled  with  any  gas  at  a  pressure  up  to  one  atmos- 
pbcrc: 

1.  The  width  and  length  of  the  slit  may  be  changed  and  measured  micromet- 
rically. 

2.  A  diaphram  of  adjustable  length  may  be  moved  by  a  micrometer  screw 
over  the  slit,  so  as  to  allow  a  large  number  of  spectra  to  be  taken  on  a  single 
plate  for  comparison. 

3.  The  lenses  of  collimator  and  camera  may  be  moved  in  either  direction  for 
focusing. 

4.  The  tubes  of  both  collimator,  and  camera  may  be  turned  in  such  a  way 
that  the  angle  between  their  optical  axes  varies  about  30°. 

5.  The  prism  may  be  set  for  minimum  deviation. 

6.  The  sensitive  plate  maj  be  turned  about  its  central  line  so  as  to  make  any 
angle  from  0^  to  90°  with  the  optical  axis  of  the  camera  lens. 

7.  The  photographic  plate  may  also  be  moved  in  its  own  plane  in  a  direction 
parallel  to  the  slit,  so  as  to  give  space  for  several  series  of  exposures. 

The  spectrograph  is  exhausted  by  a  Geissler  mercury-pump.  It  has  already 
been  tested  satisfactorily, and  we  may  shortly  exi)ect  to  hear  of  important  results 
obtained  by  its  means. 

The  Aurora  of  Feb.  13,  189a. — Auroras  can  rarely  Ixr  seen  from  the  Kenwood 
Observatory,  owing  to  the  illumination  of  the  northern  sky  b^'  the  lights  of 
Chicago,  but  the  magnificent  display  of  February  13  was  easily  observed.  At 
about  6^  25™  p.  m.  (Chicago  m.  t.)  the  brilliant  red  auroral  light  was  first  seen 
here,  extending  more  than  two-thirds  the  distance  from  the  horizon  to  the  zenith, 
and  reaching  about  +5°  east  and  west  of  north.  Local  changes  in  brilliancy  and 
depth  of  color  were  very  rapid,  and  straight,  white  streamers  partook  of  the 

general  motion  from  east  to  west.    At  about  6**  55™  the  aurora  disappeared. 
The  spectrum  was  well  seen  here  with  a  small  direct-vision  spectroscope, 

wing  a  rather  wide  slit.    Four  bands  were  made  out,  and  their  positions  were 

«timated  as  follows: 

1.  Bright;  probably  same  width  as  slit ;  in  red  near  C. 

2.  Bright;  probably  same  width  as  slit ;  yellowish  green  (*' aurora  line?") 

3.  Very  faint ;  broad  and  hazy ;  in  green,  near  b. 

4.  Faint;  probably  same  width  as  slit ;  near  F. 


The  api^carancc  of  the  electric  storm  which  accompanied  the  aurora  was  first 
noticed  on  Feb.  13,  about  1  K  M.  Between  5  p.  m.  and  7  P.  M»  the  storm  was  at 
its  height,  and  intcdered  with  the  working  of  the  telegraph  system  over  a  con- 
siderable section  of  the  country.  At  intervals  during  the  auroral  display  it  wa3 
found  possible  to  send  messages  between  Albany  and  New  York  without  the  aid 
of  the  regular  batteries.     {Chk&go  Tribune). 

The  question  naturalh'  arises  whether  these  phenomena  were  in  any  way  con- 
nected w^ith  solar  disturbances.  The  regular  observations  of  the  Sun  were  in 
progress  during  the  greater  part  of  the  day  at  the  Kenwood  Observatorj%  but  no 
very  remarkable  outbreaks  were  observed.  At  noon,  there  were  evidences  of  ac* 
tivity  in  the  region  of  the  great  spot  group,  and  tbe  distortions  of  the  hydrogen 
C  line  indicated  a  greater  velocity  (downrush)  than  has  been  noticed  before  in 
this  group.  A  bright  prominence  on  the  N.  E.  limb*  following  the  small  5]>ots 
which  were  already  well  advanced  on  to  the  disc,  showed  in  the  C  line  a  marked 
distortion  toward  the  violet »  and  at  4r^  10'"  this  had  considerably  increasfcd  in 
amount.  14  photographs  of  prominenceSj  sjKJts  and  faculae,  and  11  of  spot  and 
prominence  spectra,  were  made  here  between  10^  30"  a,  m.  and  4''  15™  P.  M. 

We  wish  to  call  attention^  in  this  connection,  to  the  work  of  Dr.  M.  A. 
Vcedcr,  of  LyoiJSj  N.  Y.,  on  the  relation  between  auroras  and  solar  phenomena. 
As  has  been  mentioned  before  in  Astronomv  and  Astro-Physics,  Dr.  Veeder  has 
prepared  blank  forms  to  be  filled  out  with  notes  on  auroras,  and  these  he  is  glad 
to  furnish  to  anyone  who  is  willing  to  spend  a  few  minutes  each  evening  on  the 
work.  In  another  Note  we  print  a  report  wc  have  received  from  him  on  tl*e  au- 
roras of  January.  It  is  to  be  hoped  that  many  will  be  ready  to  offer  tb^ir  assis- 
tance in  this  interesting  investigation. 

Newspaper  dispatches  received  later  sliow  that  the  aurora  was  very  widely 
seen.  In  Sweden  and  Russia,  earth  currents  seriously  affected  the  operalion  of 
the  telegraph  lines. 

The  following  is  Dr.  Veeder's  report  of  the  aurora  of  Feb.  13,  as  observed  at^ 
Lyons,  N.  Y. 

Description^  Strong  scarlet  red  streamers  marking  the  central  portion  of  the 
region  in  which  this  feature  was  prominent  and  persistent  throughout  tbe  con- 
tinuance of  the  display,  or  in  other  words,  from  6.45  r*  H*  until  8.06.  (Eastern 
Standard  Time). 

Time,  Sfjeeial  observations  were  made  at  6,59,  7.03.  7*07,  and  7.09  p.  M. 

Azimuth  at  poitjt  of  origin,  50*^  VV.  of  N. 

IncUaation^  Westward  at  an  angle  with  the  horizon  of  80^^. 

Altitude,  Varied  from  45*=  to  50"^, 

Description,  Bright  red  streamers  forming  the  detachment  from  the  preceding 
which  extended  farthest  south  of  any  seen  during  the  evening. 
Time,  7.55  p.  m. 

Azimuth  of  origin  on  horizon^  65*^  W,  of  N. 
Inclination,  Westward  at  an  angle  of  78**. 
Altitude,  35*^. 

Description,  Faint  yellowish  green  streamers  which  varied  in  brightness  m\ 
sympathy  witb  those  described  in  the  follo^N'ing  section,  but  which  had  the  pccti- 
liarity  of  not  conforming  to  the  usual  lines  of  magnetic  force. 

Time,  11.58  p.  M* 

Azimuth  of  point  of  origin  on  the  horizon,  12°  E.  of  N. 

Inclination,  Westward  at  an  angle  of  55°. 

Altitude,  35^- 
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Description,  Yellowish  green  streamers  entirely  similar  to  the  preceding,  but 
conforming  to  the  more  usual  direction. 
Time,  11.59  p.  M. 
Aximutb  of  origin,  19°  E.  of  N. 

Inclination,  Eastward  at  an  angle  with  the  horizon  of  87°. 
Altitude,  40°. 

Prominent  features  were  noted  during  the  evening  as  follows : 
The  time  of  beginning  was  almost  precisely  6.40  p.  M.  At  that  moment  a  small 
patch  of  greenish  streamers  was  seen  about  1 5°  above  the  horizon  at  a  point  due 
N.  £.  At  6.45  a  rosy  blush  was  observed  in  the  N.  W.  in  the  location  of  the 
prominent  and  persistent  streamers  above  described.  At  6.52  a  curtain  having 
a  nnnona  lower  margin  irom  which  short  green  streamers  arose  vertically  formed 
just  below  the  North  Star.  At  6.56  a  faint  and  irregular  streak  of  luminous  haze 
extended  E.  and  W.  through  the  zenith.  At  6.59  red  streamers  began  to  form  in 
the  N.  W.  and  continued  to  brighten  at  7.03,  becoming  very  strong  at  7.07.  At 
this  moment  faint  red  patches  began  for  the  first  to  appear  in  the  N.  E.,  in  which 
location  greenish  patches  and  streamers  only  had  appeared  hitherto.  Generally 
the  display  was  less  bright  east  of  the  meridian,  and  the  colors  were  mostly  of 
some  hue  of  green  or  light  yellow,  but  west  of  the  meridian  red  was  the  predomi 
nadng  color  throughout,  and  the  streamers  were  much  stronger  and  more  persis- 
tent. At  7.08  an  irregular  band  made  up  of  patches  and  streamers  extended  E. 
and  W.  across  the  sky  about  20°  N.  of  the  zenith.  The  color  of  this  band  was 
generaHy  red,  but  nearer  the  horizon,  particularly  toward  the  N.  E.,  the  colors 
were  at  this  moment  greenish.  At  this  moment  also  the  maximum  extent  of  sky 
covered  was  attained,  the  display  extending  very  nearly  to  the  zenith.  Generally 
throughout  the  evening  the  southern  margin  of  the  luminous  mass  did  not  extend 
further  S.  than  the  North  Star,  but  remained  persistently  at  about  that  point.  At 
8.05  the  aurora  was  fading  rapidly,  and  at  8.06  had  disappeared  entirel3'.  At 
8.15  a  faint  red  glow  appeared  for  a  few  minutes  about  20°  above  the  northern 
horizon.  At  intervals  later  in  the  evening  very  faint  haze  was  seen  overspreading 
the  sky,  firom  the  zenith  northward,  which  might  have  been  auroral  in  character. 
At  11.45  a  small  patch  of  bright  green  streamers  was  seen  in  the  N.  E.,  at  almost 
the  precise  location  where  the  display  began  at  6.40.  At  11.58  and  11.59  the 
streamers  above  described  as  being  seen  at  that  hour  were  first  noticed,  but  faded 
out  in  about  three  minutes. 


The  Auroras  of  January,  1892.  The  following  results  appear  to  be  justified  by 
the  reports  of  observations  thus  far  received.  As  was  anticipated  and  an- 
nounced in  advance  to  many  of  those  receiving  blanks  for  recording  observations, 
the  finest  display  of  the  month,  and  an  aurora  of  the  first  magnitude,  appeared 
on  January  5th.  Sporadic,  and  for  the  most  part  very  faint  displays  were  re- 
ported on  January  15th,  20th,  21st,  25th.  26th,  27th,  28th  and  29th,  those  on 
the  last  three  dates  named  being  the  best  defined. 

The  reports  from  stations  along  the  base  line  adopted,  extending  from  Wash- 
ington northward  into  Canada,  show  that  the  aurora  of  January  5th  had  a 
probable  altitude  of  175  miles  and  perhaps  upwards.  The  amount  of  sky  covered 
at  difierent  stations  shows  that  the  plane  of  the  southern  margin  of  the  chief  por- 
tion of  the  luminous  mass  reached  the  earth  at  a  point  on  the  77th  meridian  not 
far  from  45°  north  latitude.  Comparison  with  observations  on  other  meridians 
shows  that  the  aurora  tended  to  reach  its  maximum  brightness  at  the  same 
honrs  of  local  time,  rather  than  at  the  same  hours  of  absolute  time.    A  study  of 


\ 


the  arrangement  of  the  arches  and  patches  of  light  reported  from  different  sta- 
tions reveals  the  fact  that  they  are  very  largely  of  the  nature  of  halos,  their 
position  depending  as  much  upon  the  position  of  the  observer  as  upon  the  general 
source  of  illumination  in  the  auroral  mass.  As  in  the  case  of  a  rainbow,  each  ob- 
server sees  his  own  arch  and  consequenthr  the  elevation  will  be  approximately 
the  same  at  stations  not  too  far  apart  to  prevent  the  arch  from  being  seen  at  all. 
In  this  way,  also,  the  differences  in  the  prismatic  colors  displayed,  even  at  sta- 
tions quite  close  together,  may  be  accounted  for.  Hence  the  difficulty  of  employ- 
ing arches  or  colors  for  the  estimation  of  altitude.  It  is  suspected  that  tliis  may 
be  true  of  streamers  also. 

The  method  of  recording  the  absence  as  well  as  the  presence  of  tlie  aurora  at 
each  observation  has  made  it  apparent,  especially  in  connection  with  the  lesser 
displays  of  the  month,  that  even  well  defined  auroras  may  be  confined  within 
quite  narrow  limits,  appearing,  lor  example,  at  southern  stations  when  absent  at 
those  directly  northward.  The  aurora  thus  exhibits  a  tendency  to  frequent  cer- 
tain localities,  presumably  because  of  some  peculiarity  of  the  soil  or  topography 
of  the  country  ;  but  further  observations  in  regard  to  this  point  are  desirable. 

Disturbed  areas  upon  the  Sun,  containing  both  spots  and  faculae,  appeared 
by  rotation  on  January  5th,  6th,  15th,  21st.  28th,  29th  and  30th.  Thus  the 
dates  of  auroral  display  during  the  month,  and  the  extent  of  the  diaplays  re- 
ported, has  been  in  exact  conformity  with  the  relations  to  solar  and  associated 
conditions  described  in  the  paper  upon  the  Zodiacal  Light,  copies  of  which  have 
lieen  distributed  generally  to  observers  co-operating,  and  which  may  be  obtained 
from  the  undersigned ,  from  whom,  also,  blanks  and  circulars  for  auroral  observa* 
tions  may  l>c  had.  M.  A,  Veeder, 

I        Lyons,  New  York,  V.  S.  A., 
February  8,  1892. 

The  Eruptive  Promioence  of  July  g,  iSgi.— In  the  January  number  of  Astrox 
OMV  AND  AsTHo-Pavsics  an  account  was  given  in  an  article  on  *'  Recent  Results  in 
Solar  Prominence  Photography  "  of  a  prominence  observed  simultaneously  at  the 
Haynald  Observatorj%  Kalocsa.  Hungary,  and  at  the  Kenwood  Observatory, 
Chicago.  We  have  recently  received  a  letter  from  Mr.  J.  Evershed,  Jr.,  of  Kenley, 
Surrey,  England,  in  which  he  writes  as  follows: 

*'I  take  the  liberty  of  writing  you,  thinking  you  may  be  interested  to  learn 
that  the  prominence  of  July  9th  last,  photographed  by  you  and  observed  at  the 
same  time  at  Kalocsa,  was  also,  by  an  cxtraordinar\'  chance,  well  seen  by  me 
here.  I  am  very  rarely  at  liberty  to  observe  in  the  afternoon,  but  happened  to  Ije 
so  on  the  above  date;  furthermore,  the  Sun  is  hidden  in  trees  from  about  4  p.  v. 
to  sunset,  but  there  is  a  gap  in  the  foliage  which  allows  it  to  l>e  seen  for  about 
20  minutes  between  5:30  and  6  p.  m,,  and  it  was  during  this  time  my  obscri'ation 
was  made.  I  enclose  copies  of  my  drawings  made  at  the  time.  My  observation 
of  the  form  of  this  prominence  diflers  somewhat  from  M.  F^nyi*s  drawing  in  that 
the  main  stem  seemed  to  me  much  narrower,  and  not  so  inclined.  I  first  obaer^-ed 
the  X.  F.  limb  at  5.30  ±  2*"  o.  if.  T,,  at  which  time  the  brilliant  column  had  a 
•stranded' appearance  like  a  partly  unravelled  rope.  Near  the  highest  part  a 
number  of  bright  filaments  like  descending  rockets  gave  the  impression  of  matter 
falling  back  on  the  Sun,  but  these  faded  very  rapidly,  and  lieforc  any  acttial  mo- 
tion could  be  detected.  With  a  narrow  slit  C  was  much  distended  on  each  side  of 
its  normal  position  near  the  base  of  the  column. 

"I  may  mention  in  connection  with  photographic  work  that  I  Imve  been 
lately  experimenting  on  the  F  hydrogen  line  with  a  view  to  pbotographhtf?  the 
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{>romiiieiicc8.  I  find  with  an  exposure  of  a  little  over  I  second  with  rapid  isochro- 
matic  plates  a  very  distinct  impression  can  be  obtained  of  the  ordinary  quiet 
prominences,  but  of  course  less  detail  is  visible  than  in  visual  observation  with  C. 
I  therefore  conclude  that  for  simply  registering  the  forms  P  is  a  more  promising 
line  than  K,  which  I  understand  requires  a  more  prolonged  exposure  in  spite  of 
the  dark  background  due  to  the  broad  absorption  shade." 

We  were  much  interested  to  learn  of  Mr.  Evershed's  observation ;  there  cer- 
tainly was  a  remarkable  series  of  coincidences  connected  with  the  eruption  re- 
ferred to.  It  lasted  but  20  niinutes»  and  was  seen  in  Hungary,  England  and  the 
United  States.  Clouds  in  Kalocsa  and  trees  in  Kenley  nearly  succeeded  in  pre- 
venting observation,  but  the  view  of  the  Sun  was  unobstructed  at  exactly  the 
right  time.  The  drawings  which  Mr.  Evershed  kindly  sends  agree  w^ith  M. 
Fiji's  and  our  own  except  in  the  inclination  to  the  limb,  as  has  been  mentioned. 

As  to  the  F  line,  we  are  inclined  to  doubt  whether  it  will  prove  as  useful  for 
prominence  photography  as  K,  although  the  use  of  dyes  may  give  plates  a 
greater  sensitiveness  for  this  region.  Our  ordinary  time  of  exposure  in  the  last 
experiments  with  an  open  slit  was  about  V^  second  for  K  and  the  broad  dark 
shade  is  an  advantage  of  the  greatest  importance.  F  was  used  in  some  of  our 
earlier  experiments,  and,  though  not  considered  so  useful  as  K,  a  careful  compara- 
tive test  should  be  made,  in  order  to  settle  the  matter. 


The  Spectra  of  Sun-Spots  and  the  Photosphere.  In  his  important  memoir, 
**Recherches  sur  la  Rotation  du  Soleil,"  Professor  N.  C.  Dun^r  not  only  gives  a 
most  complete  discussion  of  his  investigations  on  the  rotation  of  the  Sun,  but 
also  adds  a  description  of  the  large  and  powerful  diffraction  spectroscope  em- 
ployed, together  with  some  results  obtained  with  this  instrument, in  an  examina- 
tion of  the  Sun-spots  and  photosphere.  The  large  size  and  special  construction 
of  the  spectroscope  makes  its  description  particularly  interesting,  and  as  soon  as 
ve  can  procure  a  suitable  photograph  or  drawing,  a  translation  of  Professor 
Dun^s  account  will  appear  as  one  of  our  series  on  The  Modern  Spectroscope. 
At  present,  we  wish  only  to  call  attention  to  some  of  the  results  secured. 

Adopting  the  wave-lengths  of  M.  Fievez,  Professor  Dun^r  first  gives  a  list  of 
ilouble  lines  which  lie  just  within  the  resolving  power  of  his  instrument,  and  cer- 
tainly the  claim  of  rare  optical  qualities  for  the  spectroscope  is  completely  justi- 
fied by  the  extreme  closeness  of  some  of  these  pairs.    In  speaking  of  the  duplicity 
of  the  two  D  lines  it  is  stated  that  a  narrow  thread  of  light  may  be  seen  without 
great  difficulty  in  the  center  of  D^^,  and  sometimes,  though  rarely,  in  Di,  when  the 
fbnrth  order  spectrum  is  employed.    In  the  fifth  order  the  same  appearance  is 
much  more  easily  recognized.    The  author  goes  on  to  add :  "  As  to  this  fine  line  of 
light,  I  am  almost  convinced  that  it  is  only  a  double  reversal,  similar  to  those  so 
often  obeerved]in  the  spectra  of  spots  and  prominences,  and  which  would  be  seen 
over  the  entire  disc  of  the  Sun  with  a  sufficiently  powerful  spectroscope.    I  have 
noticed  another  very  curious  phenomenon  in  the  b  group:  a  very  considerable  de- 
crease in  the  intensity  of  the  three  wide  lines  which  belong  to  magnesium.    In 
the  fifth  spectrum  this  decrease  of  intensity  is  so  marked  that  the  more  refrang- 
ible component  of  b^  is  only  recognizable  with  some  difficulty, — with  more  difficul- 
ty, in  fact,  than  in  the  fourth  spectrum ;  while  the  less  refrangible  component  of 
K  as  well  as  the  two  components  of  bs,  which  are  due  to  nickle  and  iron,  retain 
an  their  sharpness.    As   is  well  known,  b^  is  enclosed  between  two   metallic 
Hues.   With  a  considerable,  though  not  too  great,  dispersion  bj  is  seen  to  be  much 
*tnMiger  than  even  the  more  refrangible  of  these  lines ;  but  in  the  fifth  spectrum  of 


our  spectroscope  bj  is  sensibly*  faiutirr  than  tJie  less  refrangible  of  the  lines,  bj  i» 
also  seen  to  be  very  much  reduced  in  intensity.  It  would  seem  that  these  phe- 
tiomcna  might  Ijc  explained  by  a  partial  reversal,  wliile  the  lines  of  the  more  re- 
fractory metals  do  not  undergo  a  similar  change.  One  objection  might,  however, 
be  raised  a.£jainst  such  a  supposition:  ,the  line  of  the  solar  corona  (K  147t) 
wbich  presents  elsewhere,  in  ^ncraL  the  same  reversal  phenomena  as  the  magne- 
sium lines,  is  not  in  the  least  enfeebled  in  the  spectrum  of  the  fifth  order.** 

The  discovery  recently  made  at  the  Kenwood  01»«ervaiory,  and  noted  in  our 
last  number,  that  the  H  and  K  lines  arc  reversed  in  regions  irregularly  distri- 
butcil  over  llie  entire  disc  of  the  Sun»  should  be  considered  in  connection  with 
Professur  Dun<^r*s  observations.  In  the  photographs  of  H  and  K,  however, 
though  there  is  some  reason  to  think  that  the  lines  are  reversed  throughout  their 
entire  length,  the  reversals  can  be  certainly  seen  only  at  intervals  along  the  lines- 
while  Professor  Dvm^r*j»  account  gives  the  impression  that  a  continuous  reversal 
was  seen  in  the  tines  of  the  b  group.  In  the  case  of  D,  it  seenjs  that  the  reversal 
was  not  contitiuous,  for  it  is  remarked  that  with  a  snfhcicntly  powerful  siH*ctro- 
^Ojjc,  it  would  probably  be  seen  over  the  whole  disc*  As  it  has  l>cen  found  here 
that  the  regions  in  w*hich  H  and  K  are  most  strongly  reversed  correspond  with 
the  faculae,  it  is  likely  that  the  reversals  of  magnesium  and  sodium  occur  in  the 
same  localities.  Considering  the  relative  frecpiency  with  which  these  various 
lines  arc  reversed  in  prominences,  it  is  not  at  all  surprising,  but  rather  to  l>e  ex- 
pected, that  in  the  faculae  they  should  follow  the  same  order.  Thus  hydrogen 
and  calcium  are  always  found  to  l>e  bright,  while  magnesium  and  sodium  ap^iear 
so  with  much  greater  difficulty. 

Professor  Duni?r  found  no  difficulty  in  confirming  Professor  Young's  resolu* 
tion  of  the  dark  shade  in  the  spectrum  of  a  spot  nucleus  into  a  great  number  of 
fine  lines.    He  remarks:    "I  have,  in  fact,  seen  spot-spectra  entirely  lose  the  ap- 
pearance of  a  uniform  band,  darker  than  the  rest  of  the  solar  spectrum,  which 
they  present  in  a  sj>eetroscojje  of  medium  dis|»ersion.  and  showing  very  numerous 
dark  lines,  projected  on  a  background  of  the  same  brilliancy  as  fhe  general  spec- 
trum of  the  solar  disc.    These  lines  are  not  uniformly  distributed,  however,  and 
at  ecpial  distances  from  one  another  like  the  bars  of  a  grate.    On  the  contrary  it 
may  Ije  seen  with  jjerfect  certainty,  especialh'   when  attention  is  directed  to  the 
spaces  which  in  the  solar  5i>ectrum  are  free  from  all  but  faint  lines — 1  mention  as 
examples  the  open  spaces  5352  .  .  .  5361,  and  5287.5  .  .  ♦  5292— that  they 
are  grouped  in  doublets,  triplets,  etc.,  separated  by  interstices  wider  than  thou 
which  separate  the  lines  constituting  these  groups.    .\11  of  these  interstices,  as  fa 
as  1  could  determine,  seemed  to  me  to  be  of  the  same  brilliancy  as  those  wbtcb  oc- 
cur between  groups  of  lines  in  the  solar  spectrum.    By  very  carefully  examining 
the  solar  spectrum  in  the  prolongation  of  such  a  group  in  the  sixit  sp^ectrum    I 
sometimes  succeeded  in  discovering  an  exceedingly  faint  nebulous  line.   In  a  word,  ^ 
all  that  I  have  aceo  seems  to  me  to  prove  that  there  is  no  fundamental  differenc 
bctwecti  the  general  solar  spectrum  and  that  of  the  spots.    It  is,  on  the  contrary,^ 
very  probable  that  the  latter  is  formed,  so  to  speak,  by  the  exaggeration  of  the 
essential  characteristics  of  the  former,  the  excessively  feeble  and  almost  impercept- 
ible lines  becoming  readily  visible,  and  the  lines  w^hich  are  strong  in  the  ordinar>* 
solar  spectrum  becoming  broadened  and  strengthened. 

The  absorbing  layer  in  the  syjots  having,  with  shght  modifications,  the  same 
chemical  composition  as  that  of  the  photosphere,  it  is  difficult  to  imagine  any 
other  kind  of  spot  than  that  of  a  cavity  filled  with  metallic  vapors,  either  in 
vortices  as  M.  Paye  maintains,  or  at  rest  as  Secchi  believed,  althoogb  the  con- 


Current  Celestial  Phenomena,  243 


stancy  of  the  lines  which  properly  belong  to  sp)ot  spectra,  as  determined  by 
Professor  Young  and  myself,  seems  more  in  accord  with  Secchi's  theory.  But  it 
can  hardly  be  admitted  that  the  spots  are  of  the  nature  of  a  cloud  floating  in  the 
solar  atmosphere.  For  clouds  as  we  know  them  in  the  terrestrial  atmosphere 
are  partly  fluid  and  partly  gaseous,  and  they  are,  consequently,  but  slightly 
transparent.  It  would  thus  be  necessary  that  the  solar  clouds  should  have  a 
spectrum  showing  general  absorption.  A  spectrum  composed  of  numerous  dark 
lines  on  a  bright  background  could  not  be  explained  on  this  hypothesis.  Profes- 
sor Young  has  also  expressed  the  same  opinion,  in  the  note  just  mentioned 
{American  Journal  of  Science,  Third  Series,  vol.  XXV,  pp.  333-336).  He  re- 
marks :  *  Of  course  the  resolution  of  the  spot  sj^ectrum  into  lines  tends  to  indi- 
cate that  the  absorption  which  darkens  the  center  of  a  Sun-spot  is  produced,  not 
by  granules  of  solid  or  liquid  matter,  but  by  matter  in  the  gaseous  form.'  " 

We  may  add  that  the  fine  lines  in  the  spectrum  of  the  spot  nucleus  have  been 
frequently  observed  at  the  Kenwood  Observatory,  the  appearance  agreeing  in  all 
respects  with  that  described  above.  In  stating  his  belief  that  there  is  no  funda- 
mental difference  between  the  spot  spectrum  and  that  of  the  general  solar  sur- 
face, we  do  not  understand  Professor  Dundr  to  mean  that  the  relative  intensities 
of  the  lines  is  invariable,  for  of  course,  in  spot  spectra,  some  of  the  solar  lines 
arc  very  much  more  widened  than  others.  What  brings  about  this  selective  ab- 
sorption, and  why  it  varies  from  one  spot  to  another,  and  also,  probably,  with 
the  Sun-spot  period,  are  some  of  the  most  interesting  questions  of  solar  physics. 
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PLANET  NOTES  FOR  APRIL. 


Mercury  will  be  visible  to  the  naked  eye,  a  little  after  sunset,  in  the  first  few 
days  of  April.  He  will  then  be  in  the  constellation  Aries,  south  of  the  brightest 
star.  Mercury,  however,  will  be  brighter  than  the  star,  so  that  no  doubt  will 
exist  as  to  the  identification  of  the  planet.  One  should  look  for  Mercury  about 
half  an  hour  after  sunset,  almost  due  west  and  a  short  distance  «ibovc  the  hori- 
zon. After  the  first  few  da^'s  of  the  month  Mercury  will  move  rapidly  toward 
the  west,  coming  to  inferior  conjunction  with  the  Sun,  April  19. 

Venus  cannot  fail  to  catch  the  eye  |of  the  most  unobservant  in  the  early  even- 
ing, as  she  is  the  most  brilliant  object  in  the  sky  with  the  exception  of  the  Moon. 
Even  daring  the  day  she  can  easily  be  seen  without  a  telescope,  if  one  knows  just 
where  to  look.  During  April  her  brilliancy  will  be  fifty  per  cent  greater  than  now. 
The  phase  will  be  gibbous  up  to  the  last  day  of  April,  when  almost  exactly  half 
of  the  disk  will  be  illuminated.  The  diameter  will  increase  during  the  month  from 
18"  to  2V\  April  29,  about  11  p.  m.  central  time,  there  will  be  an  occultation  of 
Venus  by  the  moon.  It  will  be  visible  in  Mexico,  the  west  coast  of  South  Amer- 
ica, and  some  of  the  Islands  of  the  Pacific  ocean. 

Afars  daring  April  will  rise  between  one  and  two  o'clock  in  the  morning.  He 
is  in  Sagittarius  moving  eastward.  His  brilliancy  and  red  color  will  enable  any- 
one to  distinguish  him  from  the  stars  of  the  constellation. 

Jupiter  rises  too  late  in  the  morning  to  be  well  seen. 

Saturn  is  now  a  beautiful  object  in  the  telescope.  The  rings  are  so  nearly 
edgewise  to  as  that  they  appear  as  one,  but  the  belts  and  the  shadow  of  the  rings 
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^^1            on  the  planet  show  well.    For  chart  of  Saturn's  place  In  the  constellation  Virgo «          ■ 
^^^^H       see  our  January  number^  p,  81.                                                                                                    I 
^^^^             Uranus  is  also  in  Virgo  (see  chart,  January  No.,  p.  81)  near  the  star  X.          U 
^^^1            Uranus  will  be  at  oppositton  April  23»  so  that  this  month  will  be  most  favorable            ■ 
^^B             for  observations  of  this  planet.    We  would  call  especial  attention  to  the  occulta-           J 
^^B             tion  of  Uranus  by  the  Moon  April  12«  beginning,  as  seen  from  Washington,  at   ^^H 
^H            1D**56'"  p.  M.,  and  ending  at  12^  22"'  A.  M.  central   time.     For  other  places  the   ^^H 

^^1            times  of  immersion  and  emersion  will  vary  by  several  minutes,  so  that  it  will  be          ■ 
^^H            well  for  the  observer  who  wishes  to  observe  these  phenomena  to  begin  watching          H 
^^m            a  half  hour  or  more  earlv.                                                                                                                1 

^^V                   Neptune  will  set  too  early  during  April  to  Ik*  observed  under  favorable  condi-          I 

^^^K 

UEKCLRV. 

^^^^            liSU2.                h       m 

^m~              Apr.      5 2  01. 9 

^■^                   15 1   57.9 

^^^B                 25 1  37.0 

Dccl. 

+  15  43 
-f  14  38 
-f    9  58 

RlSCB. 

h     m 

5  56  A.  W. 
5  17      ' 
4  41     •• 

Tr&nsit*. 

h       m 

1   03.7  P.  M. 
12   20.4     *» 
11    20.3  a.  m. 

Setn. 
h     m 
8    11  P.  3tf. 

7  23     *' 
7  00     " 

^^^^ 

VENLS. 

^^^^        Apr^ 

5 3  50.8 

15 4  36.8 

25 5  22.1 

-f  22  32 
+  24  58 
+  26  26 

7   12  a.m. 
7  06     '• 
7  04     - 

MAHS. 

2  52.3  P.  M. 

2  58.8     *• 

3  04.6     " 

10  32  P.  u* 

10  52     *' 

11  06     ** 

^^^^■^ 

5  ....18  58.1 

15 19  22.3 

25 19  45.4 

—  23  23 

—  23   00 
-22  29 

I    37  A.M. 
1    20     •* 
1   02     ** 

6  00.1a.m. 
5  45,8     '* 
5  29,6    •* 

10  24  A.  M. 
10  10     ** 
9  58     *• 

^^^^■^ 

5......  O   18.4 

15 0  27.1 

25 0  35.7 

+   0  48 
+    1   44 

+    2   39 

JUPITER. 
5    15  A.  If. 

4  41     ** 
4  U6     •* 
SATUK.H. 

11     21.4  A.  M. 
10  50.8     ** 
10  20.0     " 

5  28  p.  M. 
5  01       * 
4  34     - 

^^^^        Apr. 

5 11    46.5 

15 .11   41.1 

25.. ....11    42,0 

+    4   11 
+    4  26 
+    4  38 

4  27  P.  M. 
a  44     «» 
3  02     " 

URANUS. 

10  46.7  A.  M. 
10  U4.9     *' 
9   23.6  p.  M. 

5  07  A.  M* 
4  26      * 
3  45    ** 

^^^^        Apr. 

5 14  10.7 

15 14  09.2 

25 14  07.5 

—  12  38 

—  12  ,H0 

—  12   21 

7  58  p.  at. 
7  17     *• 

6  35     *' 

NEPTUNE. 

1    10  6  p.  .y. 
12  29.7     ** 
11  48.7     " 

6  23  a.  M*  ^^ 
5  43     "              ■ 
5  02     "        ^J 

^^^^^         Apr. 

5 4  21.5 

15 4  22.7 

'jr.      ,4   24.0 

+  19  58 
+  20  01 
+  20  04 

7  56  a.m. 

7  17     '* 
6   39     ** 
THE  SUN. 

3  23.0  P.  M. 

2  44.8     *' 
2  06.8     ** 

10  50  P.  If.   ^W 
10  12     "               ■ 

9  35     "        ^M 

^^^^^         Apr. 

:^ 1  00.5 

13......   1  37.2 

25 2   14.0 

First  Quarter.. 

Apogee 

Full  Moon. 

+     6  28 
+  10  08 
+  13  31 

5    32  A.  M. 

5   15     ** 
4  59     '• 

12  02.5  p.  M.          6  32  P.  If.     ^^ 

11   59.8  a.m.          6   45     *•  ,           ■ 
11    57.8     •*              G  57     "      ^J 

5  Moon.                                            ^^H 

Central  Time.                                 1 

b    m                                         ■ 

Apr.    '4     12  21  A.  M.                        ■ 

"     11        5  24  p.  M.                  M 

**     12     12  26  A.  U.                ^M 
**     19     12  00  midn.               ^^1 
'*     26       3  12  A.  M                   ^H 
"26       3  46  P.  M                  ^M 

Phases  and  Aspects  of  tb< 

Last  Quarter,, 

Perigee.. 

New  Moon 

•••••*«•*•»••••••• 
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Mr.  Marth's  Ephemerides  of  the  Satellites  of  Saturn. 

[Prom  Monthly  Notices,  Nov.  1891.  J. 
In  this  table  the  times  have  been  changed  from  Greenwich  Mean  Time  to  Central  Stan- 
dard Time.  The  abreviations  Rh.,  Te.,  Di.,  Bn.,  and  Mi.,  stand  for  the  names  of  the  satel- 
lites Rhea,  Tethys,  Dione,  Bnceladus,  and  Mimas.  The  letters  a,  b,  c,  d,  and  e,  stand  for 
conjanctions  of  the  satellites  in  order  as  follows:  With  the  preceding  end  of  the  outer 
ring;  with  preceding  end  of  planet's  equatorial  diameter;  with  center  of  planet ;  with  fol- 
lowing end  of  planet's  diameter ;  with  following  end  of  ring.  The  letters  a  and  s  signify 
that  the  satellite  at  the  time  of  conjunction  is  north  or  soutn  of  the  point  designated  by 
the  preceding  letter;  Sh.  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian 
of  the  planet;  EcL  D.  and  Bel.  R.,  the  disappearance  and  reappearance  of  a  satellite  at  be- 
ginning and  end  of  an  eclipse. 


March 

.->  12.3 

12.!* 

1.0 

4.0 

n.7 
•s.o 

♦J.2 
vrt 
!».7 

n.« 

11.7 
<  12.4 
1.5 
2.« 
•TO 
:i.7 
4.1 
4.« 
2.2 
4.^ 
V3 
".« 

10.2 

10.2 

7     1.-2 

S.2 

4.1 

124 
1.0 
:j.4 
:{.s 

ti.O 
7.0 

«»  H 
».» 
11  I 
ll.t* 

h  12.2 
l.l* 
26 


7  1 
7.0 
Id 
'J..1 
'J  ft 
10  ', 

ll'.« 
14 
2.S 
-':: 
4.:{ 
K.l 

•5.3 

9.2 
11.2 

li.o 

10  12  4 
4.0 

li.s 
2.» 
$.3 


1892. 
aiD  Di  en 

Te  Eel.  D 

Mian 

Tedn 
pm  En  en 

Rhes 

Mi  as 

Rh  ds 

Tees 

En  eM 

Mian 

Teds 
am  Rh  bs 

Di  e« 

Tebs 

Rhbs 

IMdM 

Ed  as 

Teas 
pm  En  an 

Mi  as 

Tean 

En  en 

TeEcI.  D 

Mian 
am  Tedn 

Teen 

Mi<»n 
pm  m  Eel.  D 

En  as 

Mi  OM 

DIdn 

Dien 

T«»e« 

Mi  nn 

Te  dM 

En  an 

Te  bM 
am  Kn  nn 

Te  as 

Hh  E«l.  D 

Ml  en 
pm  Mi  as 

En  ert 

Te  an 

I>i  en 

.Mian 

Te  Eel.  I» 

Di  dH 

Kn  as 

Te.ln 
am  T»*  en 

Di  hH 

Mien 

Di  ai« 
pm  En  (>n 

T»»e« 

Mi  an 

Te.lM 

TeiiH 

Thsm 

Mien 
am  En  en 

Di  an 
pm  Rb  bs 

Tean 

Rhas 


March   1892. 

4.7  .Mi  an 

4.8  Eu  an 

4.9  Te  Eel.  D 
7.H  Te  dn 

9.8  Te  eu 
10.6  Mi  en 
11.2  En  en 

11  12.8  DI  e« 

1,6  Tees 

2.3  Titan  ds 

'6.0  Di  ds 

.T3  Mi  an 

3.6  Te  ds 

3.6  En  as 

4.6  Titan  Sh 
6.3  Di  bs 
6.5  Te  bs 
8.2  Titan  bs 
8.5  Di  as 

8.5  Te  as 
9.2  Mi  en 

12  12.0  am  Titan  as 

1.7  En  an 

2.6  Mi  es 
12.2pm  Tean 
12.5  Rb  an 

1.0  Mi  an 

2.2  Te  Eol.  D 

3.0  Rh  Eel.  D 

5.1  Te  dn 

6.2  En  es 

6.9  Kb  dn 
7  1  Teen 
7  8  .Mi  en 
9.U  Kb  en 

9.6  DI  an 
11.8  DI  ErI.  D 

13  12.3  am  En  as 

1.2  .Mi  es 

3.1  DI  dn 
3.x  pm  Te  bjt 
4.9  En  en 
5.K  Te  ftH 

14  2.1  Di  as 
2  4  Te  dn 
4  4  Teen 
.'»0  .Mien 

6.7  Kb  eH 
7. .I  En  an 

9.2  Kb  dH 
10.4  Mi  e^ 

15  1.1  am  Kb  bH 
l.H  En  en 

3.6  Kb  as 
11  pm  TebM 
3. 1  Te  art 

3.3  DI  an 

3.7  Ml  en 
6.3  En  as 
8.7  Di  dn 
9.1  Mi  en 

1 1.0  DI  en 

16  3.0  am  Mi  as 

1.7  pm  Te  en 
2.3  Mi  en 
7J  Mies 

8.8  En  es 


.VI  arch   1892. 

17  12.1  am  Dies 

12.8  Kb  an 
1.6  Mi  as 
2  3  Di  ds 

3.1  En  as 
3.4  Kb  bn 

12.4  pm  Te  as 

12.9  Mi  en 

1.2  En  an 

6.3  Mi  en 
7.6  En  en 

IS  12.2  am  Mi  as 

4.1  Te  an 

2.3  pm  Di  Eel.  D 

2.4  Di  dn 

4.6  Di  en 
4.9  Mi  es 

10. 1  En  an 
10.8  Mi  as 

19  2.7  am  Te  es 

1.4  pm  Kb  bs 

2.5  En  AH 
3.5  Mi  es 

4.0  Kb  as 

4.1  Titan  an 

5.7  Di  es 

8.0  Di  ds 
so  Titan  bn 
N.9  En  lis 
0.4  Mi  as 

11.2  Dibs 

20  1.4  nm  Te  nn 

1.4  Di  as 

1.9  Titan  dn 

2.5  ,\|i    IIH 

3.4  Te  bn 
.'•7  Tltnn  en 
1.3  pm  En  en 

2.1  .MieH 
s.\)  Ml  aH 

11.4  Kn  eH 

12.0  Te  en 

21  1.4  nni  .Mi  nn 

2.0  Te  dH 

2  0  Di  an 

4.8  Di  bn 

4  9  Te  bM 

1.1  prn  Kh  an 
3.7  Kh  bn 

3  0  Kn  an 
0.7  Ml  aH 

7.5  Kb  Eel    K 

7.6  Kh  dn 

10. 1  Kb  en 

10.2  Kn  en 
10.7  Te  an 

22  12.1  am  Ml  an 
12.  r  Te  bn 

3  6  Te  Kel.  K 

1.6  pm  Di  dH 

2.6  Kn  aH 

4.9  Di  bH 

5  3  .Mi  art 
7  1  DI  an 
9.3  Tees 

10.7  .Ml  an 

11.3  Teds 


.March  1892. 

23  12.7  am  En  an 

2.2  Te  bs 
3.9  pm  .Mi  OH 
5  2  En  es 

7.3  Rb  es 

8.0  Te  an 

8.2  Di  an 

9.3  Mi  an 
9.9         Kb  ds 

10.0  Te  bn 
10  4  DI  bn 

11.5  En  as 

24  12.9  am  Te  Eel.  R 

1.7         Kb  bs 

1.7  Di  Eel.  R 
2.9         Te  en 

3.2  Ml  en 
3.9         Di  en 

4.3  Kb  as 

2.5  pm  Mi  as 
4  0         En  en 

6.6  Te  eH 
7.9  Ml  an 
8.6          Te  ds 

11.5  Tebs 

25  1.5  am  Teas 

1  8  Ml  en 

2.1  En  en 
12.7  pm  Di  OS 

1.1  MlaH 

.'.  3  Te  an 

6.5  En  an 
0.5  .Ml  an 

7.3  Te  bn 

10.2  Te  Eel.  K 

2f  12.2  am  Te  en 
IJ.4  Ml  en 

12.S  Kn  eu 

1.5  Khan 

4.0  Kh  bn 
1.9  pm  DI  an 
3.9          To  eH 

4.1  DI  bn 
4.1  Ml  an 

5.3  I'n  UH 
5.9  Te  dH 

7.4  1)1  Kcl.  K 
x.s  Te  an 

9.6  Dt  en 
lo.s  Te  an 
11.0  Mien 

27  3.4  am  Kn  an 
4  4  MleB 
so          Titan  eM 

II.O  Titan  (1h 

2  5  i>ni  Te  an 

3  7  Ml  an 

3.5  Titan  Sh 
4.5  Te  bn 
.'•7  Tltnn  bn 

7.5  Te  Kd.  K 

7.8  Kn  en 
0.5  Te  en 
0.5          Titan  as 

9.6  Ml  en 
10.7  DI  en 

28  12.9  am  DI  ds 
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March 

1892. 

April  1892. 

April   1892 

April  1892 

2.1 

En  as 

8.0         Rb  es 

7.1 

Mi  as 

4.9  pm 

Te  an 

8.0 

Mies 

8.1          Mi  es 

8.2 

Dien 

56 

Mian 

4.2 

Dibs 

9.2         En  en 

11.7 

Tees 

6.9 

Tebn 

1.2 

pm 

Teen 

10  5         Rb  ds 

7  12.5  am 

Mian 

9.5 

En  es 

2.1 

Rhbs 

2    2.0  am  Mi  as 

1.7 

Teds 

10.0 

Te  Eel  R 

2.3 

Mian 

2.4         Rh  bs 

5.7  pm 

.Ml  as 

11.5 

Mi  en 

3.2 

Teds 

12.2  pm  Di  ds 

6.8 

En  es 

118 

Di  an 

4.6 

Kb  as 

1.3         Ml  en 

9.3 

Dies 

11.8 

T»*  en 

C.l 

T«  b8 

1.3         Te  en 
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pm 
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13 
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Di  liH 

1.8 
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9    1.9  am 
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S.2 
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7.4 
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Ml  en 
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S.7 
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Te  bn 
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14 
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Occultations  of  Stars  by  the  Planets. 


Apr. 


Apr. 


STARS    NE.\K 

VENUS. 

Central  Time 

Diff.  of 

Maximum 

Magnitude 

e 

of  Conjunction. 

Dccl. 

Duration. 

of  Star. 

h 

m 

»» 

TO 

1 

8 

l6  P.  M. 

+  70 

6.7 

9.4 

4 

7 

oo     *• 

-  28 

7.0 

9-4 

lO 

II 

I8  A.  M. 

-  35 

7.5 

9.2 

II 

9 

53     •• 

+  i 

7.6 

8.5 

II 

10 

03     " 

+  18 

7.6 

6.5 

27 

2 

27  p.  M. 

+  43 

9-4 

9.3 

29 

2 

44  A.  M. 
STARS  NEAR 

-S3 

MAKS. 

9.6 

9.0 

6 

5 

16  P.  M. 

+  24 

6.1 

9.0 

9 

3 

23  A.  M. 

-     4 

6.2 

9.0 

>7 

I 

39  P.  M. 

-27 

7.0 

9.5 

20 

9 

27      - 

+  52 

7.3 

9.5 

22 

6 

46  A.  M. 

-63 

7.5 

9.0 

23 

12 

54  A.  M. 

+  21 

7.5 

9.5 

26 

6 

07  p.  M. 

+  42 

7.9 

9.2 

STARS  NEAR  SATURN. 

Apr.      5  6    30  P.  M.  4-    9 


I.8h 


9.3 


Current  Celestial  Phenomena, 
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Date 
1892. 


Apr. 


Occultations  Visible  at  Washington. 


IMMERSION 


Star's  Ma^rnl- 

Natne.  tude. 

xTauri 6 

cj^  Cancri C 

I  Leonis 6 

X^  Vtrpinis 3 

38  Yirginis 6 

Uranus 

25Scor|)n 6V2 

125  Tauri 6 


Washinj?- 

ton  M.  T. 

h      m 


8 

9 

7 

6 

16 

11 

16 

9 


28 
4-6 
51 
54^ 
08 
4-8 
16 
+2 


f 'm  N  pt. 

13 

99 
164 
202 
173 
126 
111 
114- 


EMERSION 
Washinj;-    An^lc 
ton  M.  T.  f  tn  N  pt  Duration. 


h 

8 

10 

8 

7 

16 

13 

17 

10 


4-8 
56 
56 
05 
4-8 
14. 
43 
28 


338 
301 
260 
220 
247 
311 
273 
248 


h 
0 

1 
1 
0 
0 

1 
1 

0 


20 
10 
05 
11 
40 
26 
27 
46 


Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A 0^52"»32' 

Decl -f81°  17' 

Period 2c/ll»'50™ 

Apr.      1        8  p.  M. 
6        8    •* 


11 

7    ** 

16 

7    •* 

21 

7    •* 

26 

6    ** 

S  ANTLL^i. 

R.  A 

9»»  27™  30« 

Decl 

—  28°  09' 

Period 

0J07»»47" 

Apr.      1 

8  p.  M. 

2 

8    •• 

3 

7    " 

10 

10    " 

11 

9    '• 

12 

9    •* 

13 

8    " 

14 

7 

15 

7    " 

21 

10    ** 

22 

9    " 

23 

•    9    *• 

24 

8     •* 

25 

7  P.  M. 

26 

7    ** 

S  LIBR.E. 

R.  A 14»'55'"06» 

Decl —     8"    05' 

Period 2(1  07^  51'" 


Apr. 


1 

8 

15 

22 

29 


midn. 


11  p.  M. 
11     " 


U  CORONA. 

R.  A 15»»13'"43« 

Decl -}-  32°  03' 

Period 3c/10h51"> 

Apr.     9       4  A.  M. 

16        2     " 

22     midn. 

29        9  V.  M, 

U  OPHIUCIII. 

R.  A 17^10"' 56- 

Decl -}-       1°  20' 

Period 0^/20^08"^ 

Apr.     4        2  A.  M. 

4      11  P.M. 

9         3  A.  M. 

9      11  p.  M. 
14        4  a.m. 


U 
Apr. 


OPHIUCHI  CoNT. 
14     midn. 


19 
20 
24 
25 
25 
29 
30 
30 


5  A.  M. 

1  *' 

6  »* 

2  " 

10  p.  M. 

7  A.  M. 

3  P.  M. 

11  " 


Y  CYGNI. 

R.  A 20^47'«40« 

Decl 4-  34°  15' 

Period Id  11*^56'" 

Apr.     3        6  a.  m. 

6    *• 

6    '* 

6    •' 

6    '• 

6    •' 

6    '* 


6 
9 
12 
15 
18 
21 
24 
27 
30 


A  Total  Eclipse  of  the  Sun  April  36.— This  will  be  visible  as  a  total  eclipse 
only  in  the  South  Pacific  Ocean.  Partial  phase  visible  on  the  western  coast  of 
South  America.  The  conditions  of  the  eclipse  render  it  of  practically*  no  scientific 
interest. 

Two  New  Nebula.  While  looking  for  Winnecke's  comet  on  Feb.  24  and  24  I 
came  across  two  nebulae  which  are  not  given  in  Dreyer's  New  General  Catalogue. 
Both  are  very  faint  and  can  only  be  seen  with  large  telescopes.  Their  approxi- 
mate positions  are : 

R.  A.  Decl. 

1  IS^  03"  20-        +  21°  37'.6 

2  12    54  -f  22    26 

In  the  same  vicinity  is  the  bright  nebula  M  64  =  N.  G.  C.  4826,  which  the 
beginner  in  comet-seeking  must  not  mistake  for  a  comet.  h.  c.  w. 


Great  Sunspot, 


A  Great  Sunspot.    On  Feb,  4-,  otic  of  the  largest  sunspots  which  has  been  seen 
for  many  years,  api^eared  on  the  east  limb  of  the  Sun.    A  few  days  later  it  waft 

easily  seen   without   the  aid   of  a  

telescope,  by  protecting  the  eye 
with  colored  glass.  Measures  of  a 
photograph  taken  Feb.  11  when 
the  spot  was  nearest  the  center  ol' 
the  Sun's  disk  give  for  the  dimen- 
sions of  the  large  single  penundira 
72»0OO  by  33,000  miles,  while  tiic 
total  disturl>ed  area  was  135,000 
miles  long  and  SU,O0O  miles  wide. 

The  Sun  was  photographed  at 
Goodsell  Observatorv'  on  the  dates 
Feb.  5,  8,  9,  11,  15.  16  and  18.  by 
Mr.  A.  G.  SivasliaUf  a  student  in 
advanced  astronomy  and  mathc- 
niatics,  who  has  charge  of  the 
work  of  taking  daily  photographs 
of  the  Sun.  On  the  first  of  the 
above  dates,  the  spot  was  quite 
near  the  east  limb  of  the  Sun  and 
on  the  last  date  ji.^rt  of  the  spot 
was  actually  on  the  west  limb. 
From  measunfs  of  these  photu- 
graphs  we  have  calctilated  the 
latitude  and  longittidc  of  the  two 

principal  black  centers  of  the  spot  on  the  several  dates.  These  are  platted  in 
the  diagram,  and  indicate  considerable  motion  in  both  centers,  both  moving 
backward  itj  longitude,  the  one  about  twice  as  fast  as  the  othen 


B. 


Feb. 


Central  Time. 
h      m 

12     16 

Lonj^iude. 

LAtitude. 

Lorifcitudc. 

l.aiittidc. 

5 

258.7 

—  2R7 

258.8 

-30.7 

H 

4     12 

257,1 

—  27.2 

256.0 

r-  30.5 

9 

12    36 

257.7 

—  27.1 

256.0 

—  30.2 

11 

12    37 

257.5 

—  27,2 

254.0 

-29,4 

15 

12    33 

255.4 

—  28.8 

251.2 

-  30.9 

16 

12    48 

255.4 

—  29.  V 

250.4 

—  31.0 

18 

12    24 

249.6 

—  30,9 

The  photograph  of  Feb,  16  was  ovcrk>oked  when  the  diagraiti  was  made. 

Relative  to  a  jioint  half  way  between  them  the  spots  in  ten  days  revolved 
through  an  angle  of  about  75'^  in  the  direction  of  the  motion  of  the  hands  of  i 
clock.    It  is  evident  from  an  inspectiun  of  the  scries  of  photographs  that  the  lar 
penumbra  revolved  with  the  two  umbra\  but  that  the  small  outlying  spots  did' 
not  share  in  the  rotary  movement. 

ItJ  the  spectrum  of  the  spot  the  C  line  w*as  plainly  reversed  in  many  porti»»ns 
of  the  spot.  In  the  north  following  portions  of  the  two  principal  umbrie,  on 
Feb.  15,  the  C  h'nc  was  ver>'  brilliantly  reversed.  In  the  D  and  F  lines  also  the  re- 
versal was  easily  noticed.  On  Feb,  16  a  photograph  was  taken  of  the  H  and  K 
regions  of  the  spot  sj>ectrum  of  the  fourth  order.  This  photograph  shows  H  and 
K  with  a  fine  reversed  hne  in  eacli  extending  across  the  whole  width  of  the  5pnt 
spectrum. 


New  Star  in  Auriga. 


249 


In  looking  over  our  photog^raphs  durin;^  January  I  find  that  the  birth  of  this 
group  of  spots  occurred  between  Jan.  15  and  18.  On  the  15th  there  was  a  single 
round  spot  in  longitude  276°,  latitude  —  24°,  with  no  others  in  the  vicinitJ^  On 
the  18th,  a  new  group  of  very  prominent  spots  was  photographed  just  east  of 
this  spot.  The  movement  of  the  new  spots  is  well  shown  by  the  following 
measures : 

a.  b. 

Longitude. 

o 

268.1 
267.4 
265.9 

We  may  expect  the  spot  to  appear  again  on  the  cast  limb  of  the  Sun  about 
March  1.  H.  c.  w. 


h 

m 

Jan. 

18 

12 

05 

19 

12 

06 

20 

12 

56 

Latitude. 

Longitude. 

Latitude 

-24.9 

—  26.0 

—  26.4 

260.6 
259.9 
258.2 

-26.5 
—  27.6 
-27.9 

The  New  Star  in  Auriga.  The  most  noticeable  astronomical  event  of  the  past 
month  was  the  discovery  of  a  new  star  of  the  fifth  magnitude  in  the  constellation 
Auriga.  This  disco ver>'  apjjcars 
to  have  been  made  by  one  who 
was  not  a  professional  astronomer, 
and  who  was  unwilling  to  give  his 
name.  For  a  description  of  the 
new  star  and  its  spectrum  we  refer 
the  reader  to  the  articles  by  Messrs. 
Pickering,  Crew  and  Hale,  pp.  233, 
228,  and  231.  The  accompanying 
diagram,  showing  the  position  of 
the  new  star  with  reference  to  the 
principal  stars  of  Auriga  and  the 
horns  of  Taurus,  will  enable  the 
amateur  to  readily  identify  the 
star  with  an  opera  glass.  It  is 
al)out  2^  northeast  of  the  second 
magnitude  star,  /H  Tauri,  at  the 
ix)int  marked  X  in  the  diagram. 

This  region  of  the  sky  was 
photographed  at  Goodsell  Obser- 
vatory, Feb.  25,  with  a  camera  and 
Darlot  projecting  lens  of  2'/if-inches 
aperture.  The  exposure  was  one 
hour  with  a  Seed  plate  No.  26. 
On  this  plate  the  new  star  is  al- 
most exactly  equal  to  x  Auriga? 
and  brighter  than  26  Auriga?. 


•  f 

• 

•  • 
• 

.    ■  ,e  *. 

>                                           % 

•X       *      •         1 

• 
• 

• 

The  Aurora  of  Feb.  13,  1892.— This  was  noticed  at  Xorthficld  at  6:20  p.  m,. 
and  lasted  until  7:20.  The  dark  arch  was  about  40°  high  The  bright  arch  ex- 
tended to  60°  and  at  times  to  85°  altitude.  The  color  of  the  auroral  light  was  a 
beautiful  pink  during  most  of  the  time.  At  first  there  were  streamers  converging 
toward  the  zenith  but  these  soon  disappeared. 

Mr.  W.  E.  Woods,  of  Washington,  D.  C,  reports  spectroscopic  observations 
of  the  aurora.     He  found  four  bright  bands  on  a  faint  contintous  spectrum.    The 
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most  brilliant  was  in  the  red  about  where  C  should  be,  and  could  be  seen  with  a 
very  narrow  slit.  The  second  was  in  the  beginning  of  the  green  and  was  strong 
with  a  narrow  slit.  The  third  was  in  the  blue  and  the  fourth,  very  faint,  in  the 
violet.  H.  c.  w. 


COMET  NOTES. 


Tempers  First  Periodic  Comet  (1867  II).  In  Astr.  Nach.,  No.  3075,  Mr. 
R.  Gautier  gives  a  search-epheraeris  for  Tempel's  first  periodic  comet,  which 
is  due  at  perihelion  about  the  first  of  April.  We  give  below  those  parts  of  the 
ephemerides  which  appl^'  to  the  months  of  March  and  April.  This  comet  has 
been  observed  at  three  apparitions,  1867,  1873  and  1879,  but  escaped  detection 
in  1885,  because  of  its  very  unfavorable  position.  The  time  of  its  perihelion 
passage  is  somewhat  uncertain,  because  of  the  effect  of  perturbations  by  Jupiter 
in  1881  and  1882,  which  according  to  Gautier  increased  the  period  from  5.98  to 
6.51  3'ears.  In  calculating  his  ephemerides  Mr.  Gautier  has  taken  account  of  the 
perturbations  by  Jupiter  from  1885  to  1892,  obtaining  thus  corrections  to  the 
elements  adopted  by  him  for  the  apparition  of  1885.    The  elements  for  1892  are: 

T  =  1892  April  3.5  Berlin  M.  T. 
CO    =ieH°  58'  10.8") 
V^   =z    72    33    42.2    [    1892.0 
/    =    10    50    27.8    ) 
<p   =    23    53    57.0 
//    —545.0" 

Because  of  the  uncertainty  of  the  tim^  of  p>erihelion  passage  Mr.  Gautier  has 
computedthree  ephemerides,  adopting  as  the  dates  of  perihelion  March  24.5, 
April  3.5  and  April  15.5,  and  giving  the  preference  to  the  middle  date. 

The  position  of  the  comet  is  a  little  more  favorable  than  in  1885.  It  must 
be  looked  for  in  the  morning  in  the  south-eastern  part  of  Ophiuchus,  and  north- 
western part  of  Sagittarius.  This  region  is  a  part  of  the  Milky  Way,  and  the 
nebulous  back-ground  of  the  sky  will  doubtless  make  it  difficult  to  find  the  comet. 

Search  Ephemeris  for  Comet  1867  II  (Tempel's  Periodic  Comet.) 
Perihelion  =  April  3.5. 


1892. 

R.  A. 

Dccl. 

lojj  r. 

log  J 

h         m 

0       / 

Marc 

h    II 

17     24.1 

-18     58.3 

0.3184 

0.2605 

16^ 

17     322 

19     21.5 

21 

17     39.9 

19    44.4 

o.3>73 

0.2333 

26 

17     47-2 

20    07.1 

3« 

17     54.0 

20     30.0 

0.3169 

0.2055 

April 

5 

18     00.3 

20     53.6 

10 

i8     06.1 

21     18.1 

0.3170 

0.1773 

«5 

18      II. 2 

21     43.9 

20 

18   15.6 

22     1 1.3 

0.3177 

0.II94 

25 

18   19.6 

22     40.7 

30 

18    22.4 

-  23     12.3 

0.3189 

0.1227 

Perihelion  =  Maich  24 

.5. 

Perihelion 

=  April  13.5 

R.  A. 

Decl. 

R.  A. 

Decl. 

b       m 

h          m 

0      * 

[arch 

II 

17     40.1 

■  20    04 

17    07.6 

-17    43 

21 

17     57.0 

20    47 

17      22.2 

18    30 

31 

l8     12.3 

21     29 

n  350 

19     18 

pril 

10 

18     25.6 

22     14 

n    45-5 

20    08 

20 

18     36.8 

23    03 

17  53.4 

21     03 

30 

18     45.2 

34    00 

17  58.2 

--22    06 

Comet  Notes.  251 


Brorsen's  Short  Period  Comet.  Mr.  George  A.  Hill,  in  the  last  issue  of  jour 
periodical  (January  1892),  gives  some  remarks  on  Brorsen's  comet  which  require 
an  answer. 

Mr.  Hill  is  *' positive"  that  some  errors  have  inserted  themselves  into  Profes- 
sor Schulze's  calculation  in  Astr.  Nachr.,  vol.  93,  page  177.  But  I  found,  as 
early  as  1879  (Astr.  Xachr.,  vol.  95,  page  45),  that  a  slight  variation  of  the  peri- 
helion time  brought  Schulze's  elements  ver^'  near  to  the  observed  path  of  Bror- 
sen's comet  in  1879.  Dr.  Wittstein  in  trying  the  same  (Astr.  Sachr.,  vol.  94-, page 
351),  was  not  even  as  much  successful.  Indeed,  his  ephemeris  required,  after 
some  weeks,  as  great  corrections  as  Professor  Schulze's  former  calculation.  You 
may  judge  from  the  following  table  of  deviations  (Obs. — Calc.) : 


Schulze. 

Wittstein. 

Lamp.  . 

1879 

J  a 

J>^ 

J  LX 

J  A 

J  a         JiS 

.Vpril    20 

s 

—      I 

-  39 

8 

+    54 

-  '7 

8                         ' 

25 

-     28 

-  42 

f    42 

-  25 

+    1                         0 

5° 

-    89 

-  44 

-      5 

-  34 

-hi                -     I 

May       5 

-  199 

-41 

-  "4 

-  41 

+    1                -     I 

lO 

-  329 

-32 

-302 

-  39 

—     I                —     I 

«5 

-395 

-  19 

-  462 

-  28 

-  3         -  I 

20 

-  370 

-    6 

-  501 

-  «3 

-  6        -  I 

Moreover,  Dr.  Wittstein 's  calculation,  which  is  based  on  two  observations, 
1879.  March  19th,  and  March  26th,  (only  seven  days  apart  Irom  each  other), 
brings  the  comet  in  1873,  toto  ccclo  apart  from  the  observed  places,  whereas 
Schulze  and  Lamp  are  in  conformity  to  them.  Nor  was  it  Dr.  Wittstein's  pur- 
pose to  give  anyhow  definitive  elements. 

May  I  ask  Mr.  Oorge  A.  Hill  to  forward  the  publication  of  the  results  of  h'.s 
own  work?  E.  lamp. 

Kiel,  Stern w arte,  1892,  Feb.  2. 

Search  Ephemeris  for  Comet  Brooks,  1886  IV. 

[From  Astr.  Nnch.  3064>.  continued  from  page  169  ] 


April 
April 
April 


Ephemeris  of  Comet  c  1891  (Barnard  Oct.  2.)  As  the  light  of  this  comet  is 
diminishing  rather  slowly  and  the  comet  will  l>e  well  up  in  northern  latitudes  in 
March.  I  have  computed  an  ephemeris  from  Camplxrirs  co-ordinates  in  hopes  it 
niay  be  recovered  and  receive  observation. 


Peri 

helion,  March  1. 

Perihelion.  March  ai 

R.  A. 

Decl. 

LiKht. 

K 

.  A. 

Decl. 

Light 

h 

m 

c             / 

h 

m 

0        / 

10 

20 

36.9 

-  25  27 

0.19 

i9 

13-9 

-  24     09 

0.51 

20 

21 

06.5 

—  25    28 

0.19 

19 

46.5 

—  26     06 

0.53 

30 

21 

33.2 

-  25  25 

0.18 

20 

16.3 

-  27    55 

0-53 

Perihelion.  April  30. 

Perihelion.  May  30. 

10 

16 

304 

—    9     20 

I,S2 

12 

24.0 

+  24    06 

I. II 

20 

16 

50.0 

-  14     30 

2. 1  I 

12 

17.6 

+  21     10 

1.28 

30 

"7 

07.0 

-20    47 

2-3» 

12 

15.I 

+  16    55 

1.42 

Perihelion,  June  29. 

Perihelion.  July  29. 

10 

10 

03.8 

-f33    49 

0.31 

20 

10 

06.2 

-I-31     II 

0.32 

9 

00.4 

+  34     28 

0.12 

30 

10 

>3-2 

-j-  28    06 

0.34 

9 

12.0 

+  31     39 

0.12 
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G.  M.  T.  App.  R.  A.   App.  Dec.  Log.  r.  Log.  J     Br. 

h   m  8  «   / 

Feb.  29.5  16  22  18  —  22  2     0.2983     0.22 1 1      0.12 

Mar.  1.5  21  53  21  36 

2.5  21  25  21  10 

3.5  20  54  20  44 

4.5  20  22  20    18                 0.3089                 0.2155                 °-'2 

5.5  19  46  19  5" 

6.5  19  8  19  24 

7.5  18  29  18  57 

8.5  17  47  18  30       0.3193       0.2103       0-12 

9.5  17  3  18   2 

10.5  16  17  17  34 

ir.5  15  28  17     6 

1^.5  14  37  16  37            0.3294            0.2055            o" 

IJ  5  13  44  16     9 

14.5  12  48  15  40 

15.5  II  50  15   II 

16.5  10  50  14  41             0.3392            0.2014            o.ii 

17.5  9  47  14  12 

18.5  8  42  13  42 

19.5  7  35  13  12 

20.5  6  26  12  42            0.3488            0.1982            O.II 

21.5  5  15  12   12 

22.5  43  II  41 

23.5  2  48  II   10 

24.5  I  32  10  40            0.3582            0.1961             O.IO 

25.5  16      o  14  10    9 

26.5  15     5^^  54  9  3^ 

27.5  57  32  9     7 

28.5  56  8  8  36            0.3674            0.1952            0.10 

29.5  54  42  85 

30- 5  53  14  7  34 

31.5  15     51  44  -     7     2 

O.  C.  Wendell. 
Harvard  College  Observatory.  Feb.  13, 1892. 


NEWS  AND  NOTES. 

This  numlicr  is  a  few  days  late  because  we  waited  for  information  concerning 
the  new  star  in  Auriga,  and  for  tardy  proofs. 

In  the  February  numl^er  of  The  Observatory  is  found  a  biographical  sketch 
of  Sir  George  Biddell  .\iry,  accompanied  by  a  beautiful  photograph  which  was 
taken  on  his  90th  birthday.    It  is  fittingly  made  the  frontispiece. 

Remounting  the  a6-inch  Equatorial  at  Naval  Observatory.  Messrs.  Warner  & 
Swasey,  Cleveland,  Ohio,  have  been  awarded,  by  government  officers,  the  contract 
for  re-mounting  the  26-inch  equatorial,  ])rcparatory  to  its  transfer  from  the  old 
to  the  new  Naval  Observatory-. 


An  Improvised  Chronograph.  Bein^  desirous  of  making  some  record  of  occul- 
tations  during  the  total  eclipse  of  the  Moon  Nov.  15,  I  used  the  following  ar- 
rangement for  a  chronograph.  A  good  spring  telegraph  register  was  pat  in  cir- 
cuit with  a  clock  and  with  a  key  at  the  observing  telesco|>e.  To  avoid  the  fric- 
tion of  a  spring  contact  a  very  light  strip  of  platinum  foil  was  attached  to  the 
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lower  part  of  the  pendulmn  bob,  and  was  made  to  swing  through  two  drops  of 
incrcar>'  which  formed  the  terminals  of  the  battery  circuit.  A  second's  mark  was 
thas  made  on  the  paper  abont  two  millimeters  long.  The  paper  moved  nearly 
four  centimeters  per  second.  An  extra  second  hand  on  the  axis  of  the  escape 
wheel  of  the  clock  cansed  the  tilting  of  a  light  lever  once  in  a  minute,  which  made 
another  mercury  contact,  and  this  made  a  minute  mark  on  the  paper  about  8 
mm.  long  which  was  easily  distinguished  from  the  second's  mark.  An  attendant 
marked  ^th  a  pencil  every  five  minutes  the  hour  and  minute  opposite  the  minute 
mark. 

The  record  of  observation  being  made  in  6  Morse  letters  there  was  no  chance 
for  ambiguity  in  interpreting  the  record  except  a  short  mark  should,  have  oc- 
curred 10  a  minute  mark.  Even  coincidence  of  a  dot  with  a  second's  mark  would 
hardly  ever  be  so  perfect  that  it  could  not  be  separated  by  careful  fipadng  and 
measurement.  The  motion  of  the  register  was  found  to  be  quite  uniform,  so  that 
a  few  measurements  before  and  after  a  record  would  8carcel3'^  show  any  variation 
and  the  length  would  serve  to  decipher  a  record  and  fix  the  instant  within  one- 
fortieth  of  a  second. 

Given  the  exact  local  time,  and  a  good  clock  and  the  |)crsonal  equation,  and 
very  good  work  might  be  done  with  such  apparatus.  s.  h.  brackett. 


Tlie  Proper  Motions  of  Stars.    I  recently  examined  the  catalogue  of  the  proper 
motions  of  the  stars  used  by  Mr.  Dunkin  in  his  computation  of  the  position  of 
the  apex  of  the  Sun's  way  (Mr.  Main  I  believe  is  responsible  for  the  catalogue)  in 
connection  with  the  Draper  Catalogue  of  Stellar  Spectra.    Of  the  stars  which  I 
was  able  to  identify  and  whose  proper  motion  exceeded  0.2"  annually,  113  were 
referred  in  the  Draper  Catalogue  to  class  2  (solar  stars)  and  only  32  to  class  1 
(Sirians).    This  result  confirms  generally  the  conclusions  which  I  mentioned  in 
your  columns.    But  while  a  difference  of  1.79  in  magnitude  would  imply  that  a 
solar  star  was  on  the  average  about  2^4  times  as  far  off  as  a  Sirian  of  equal  mag- 
nitude, I  do  not  think  the  proper  motions  establish  so  high  a  ratio.    Many  ex- 
planations might  be  given  of  this  circumstance.    The  solar  stars  may  on   the 
average  have  a  larger  mass  (as  seems  to  be  the  opinion  of  Mr.  Maunder) ;  or 
they  may,  on  the  average,  move  more  slowly;  or  finally,  there  may  be  such  an 
absorption  of  light  in  transmission  as  prevents  a  Sirian  star  from  appearing  as 
bright  as  a  similar  solar  star  when  actiialh*  removed  to  2V4  times  the  distance. 
Possibly  all  these  causes  may  combine.    I  tried  this  in  the  case  of  the  stars  of  the 
second  magnitude  (1.5  to  2.5  according  to  the  Harvard  Photometry)  in  conse- 
quence of  the  comparative  slowness  of  their  motions.    I  found  as  I  expected  that 
a  majority  were  Sirians— 20  Sirians  to  15  Solars,  more  than  one  of  the  latter 
being  marked  with  a  query — but  I  further  noticed  that  most  of  the  Solar  stars  of 
this  magnitude  had  a  very  slow  motion  and  that  their  average  proper  motion  did 
not  exceed  that  of  their  Sirian  compeers  by  more  than  25  to  30  per  cent.    This 
proportion  no  doubt  increases  as  we  proceed  and  a  faint  Sirian  star  with  large 
proper  motion  is  almost  unknown.    Perhaps  the  broad  distinction  between  Solar 
and  Sirian  stars  is  insufficient  and  that  we  must  enter  into  the  minute  distinc- 
tions drawn  in  the  Draper  Catalogue.    Indeed  there  are  some  startling  differences 
in  the  photographic  power  of  certain  stars  which  even  that  catalogue  refers  to 
the  same  type.    Thus  /H  Cassiopeiae  is  of  magnitude  2.42  photometrically  but 
only  3.63  photographically,  whereas  I  find  almost  immediately  after  it  a  star  in 
Pegasus  (No  20  in  the  Harvard  Photometry)  referred  to  the  same  type  (H)  where 
the  photographic  magnitude  is  6.58  and  the  photometric  6.63.    And  while  the 


nverage  briltianc)*  of  the  Sirifin  Ijinary  stars  is  much  above  that  of  the  Solnr  bi- 
naries, Y  Lcotiis  which  has  o  Solar  Spectrum  fifjures  at  the  head  of  the  list. 

An  ifitcrtHtitig  question  is  the  position  of  rhc  stars  with  spectra  of  the  third 
type  as  regards  brilliancy'.  As  far  as  I  am  at  present  able  to  judge^  they  arc  more 
Hkcly  to  rank  above  than  Ix-low  the  Solar  stars.  One  of  Mr.  Gore's  double  stars, 
3«i  Andromcdne^  is  referred,  but  doubtfnlly,  to  this  tYi>e  in  the  Draper  Catnlngite. 
Its  relative  brightness  is  ♦1.23  which  is  above  the  average  for  the  Sobir  stars  but 
below  tluit  of  the  Sirians.  The  snmc  doubt  exists  as  to  n  Cephet«  relative  bright- 
ness 11J>7»  though  in  that  case  the  second  type  gets  the  l>cncfit  u(  the  doubt. 
The  average  for  the  Sirians  is  over  12,0.  The  proper  motions  of  stars  of  the 
third  type,  as  far  as  I  have  examined,  average  more  than  those  of  the  Sirians  of 
equal  uxagnitnde  but  never  attain  the  high  figures  which  occur  with  some  of  the 
Solars.  The  evidence  of  their  Intermediate  position  is  indeed  by  no  means  conclu- 
sive,  but  it  is  su>?gcstive  of  further  inquiry.  One  thin^  that  recent  researches  on 
this  subject  has,  I  think,  rendered  evident  is  that  the  promiscuous  classing  to- 
gether of  stars  of  nearly  e(iual  magnitude  in  such  investigations  as  that  relating 
to  the  Sim's  motion  in  space  is  wholly  inadmissible.  The  spectrum  is  an  element 
of  almost  e( I ual  importance.  w.  h.  s.  uonx'K- 

Dublin,  Jan.  9, 1892.  ___^^__^___ 

Manning  M.  Knapp  was  bom  in  Bergen  county.  N.  J.,  in  lHiJ3,  and  he  was 
graduated  from  Rutgers  College.  He  was  admitted  to  the  bar  in  18+6  and  four 
years  later  was  commissioned  a  Counsellor.  He  rapidly  acquired  fame  as  a 
learned  lawyer  and  his  knowledge  of  criminal  law  was  so  extensive  that  he 
was»  in  all  important  capital  cases »  assigned  by  the  court  to  assist  in  the  prosecu^ 
tion.  When  Judge  Bedle  was  elected  governor,  he  appointed  the  lawyer  his  suc- 
cessor on  the  bench  in  1H75. 

Judge  Knapp  was  re-appointed  by  Governor  Ludlow,  in  1882,  and  was,  for  a 
third  time,  appointed  in  1889J  by  Governor  Crew\  On  January  25th,  he  cele- 
brated the  seventeenth  anniversary  of  his  appointment  as  a  supreme  court  judge. 
He  expired  suddenly,  January  26th,  while  delivering  a  charge  to  the  grand  jury 
of  Hudson  county* 

The  dead  man  was  a  Democrat  in  politics  but  he  vi  as  never  a  politician  and 
never  sought  or  held  anv  elective  office.  He  was  one  of  the  roost  expert  judges  of 
lenses  for  astronomical  instruments  in  the  coimtry.  Early  in  life  he  developed  a 
love  for  the  study  of  astrononn',  but  so  frequently  found  lenses  that  did  not  suit 
him  tliat  he  made  them  for  his  own  use. 

"At  his  home  in  Hackensack  is  a  most  complete  workshop  for  the  manufac- 
ture of  lenses.  He  never  sold  any  but  frequenth*  presented  them  to  scientific  so- 
cieties. He  was  for  years  a  close  correspondent  of  Alvan  Clark  &  Sons,  the  cele- 
brated telescope  lens  makers,  and  his  judgment  of  the  quality  of  a  lens  was  con- 
sidered almost  invaluable,"— JV.  K  TnZjuiie,  Jan.  27. 


A  Personjil  Explanation.  It  has  occurred  to  me  that  some  of  your  readers 
may  possibly  come  across  a  copy  of  the  morning*s  San  Francisco  Ex&minert 
February  28,  containing  an  article  over  my  signature  on  Astronomt'caJ  Photc 
raphy,  and  in  this  event  it  would  certainly  seem  strange  to  find  that  many  id 
and  even  certain  paragraphs,  are  borrowed  fi-om  a  well  known  lecture  by  Pro- 
fessor Barnard  of  the  Lick  Observatory,  entirely  without  credit.  By  one  of  those 
curious  accidents  which  will  sometimes  happen,  even  in  so  admirably  managed  a 
daily  newspaper,  a  line  containing  the  proper  acknowledgement  was  omitted, 
even  after  an  insertion  in  the  revised  proof. 
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Of  course  Professor  Barnard  stands  in  need  of  no  credit,  for  his  work  is  famil- 
iar enough,  even  to  those  whose  acquaintance  with  astronomical  subjects  is  de- 
rived from  the  casual  newspaper  article.  Therefore  the  present  explanation  is 
principally  intended  to  avoid  adverse  criticism  of  the  writer,  should  it  happen 
that  a  popular  article,  written  b^'  a  layman  for  the  public  press,  fall  into  the 
hands  of  those  qualified  to  detect  such  plagiarism.  chas.  n.  hill. 

San  Francisco,  Cal. 


Queries  for  Brief  Answers.  The  following  queries  have  been  sent  in  by  one  of 
our  subscribers.  As  some  of  them  are  of  general  interest  to  amateur  astronomers 
we  print  them  with  the  request  that  any  who  feel  competent  will  send  us  brief 
answers.  We  cannot  promise  to  publish  all  replies  that  may  be  given,  but  will 
to'  to  select  the  best : 

1.  Has  Foucault's  pendulum  expieriment  to  prove  the  rotation  of  the  earth 
on  its  axis  ever  been  tried  at,  or  near  the  equator,  or  in  south  latitude ;  and  if  so 
with  what  result  ? 

2.  Has  the  experiment  of  falling  bodies,  to  prove  the  rotation  of  the  earth 
on  its  axis,  by  deviation  from  a  vertical  line,  ever  been  tried  at  the  equator  or  in 
south  latitude;  and  if  so  with  what  results? 

3.  How  far  ahead  have  eclipses  been  predicted,  and  where  can  I  obtain  a 
list? 

4.  Has  it  been  proven  or  do  astronomers  generall3-  believe  that  the  planet 
Mercury  rotates  on  his  axis  in  the  same  time  that  he  completes  a  revolution 
around  the  Sun  ? 

5.  In  Chambers'  Astronomy  explaining  the  occurrence  of  a  high  tide  on  that 
side  of  the  earth  opposite  to  the  Moon,  it  says:  *'  It  is  only  necessary  to  bear  in 
mind  that  not  only  does  the  Moon  attract  the  upper  mass  of  water,  but  also  the 
solid  globe  itself,  which  is  consequently  compelled  to  recede  from  the  waters 
beneath,  leaving  them  behind,  and  in  a  sense  heaped  together."  This,  or  words 
to  the  same  effect,  is  the  explanation  usually  given  in  text-books  on  Astronomy 
and  Physical  Geography.  Can  that  be  explained  to  pupils  in  a  simple  way  so 
that  they,  at  least,  will  not  be  skeptical  about  it  ? 

6.  Who  was  it  that  said,  **The  undevout  astronomer  is  mad  ?"     g.  i.  h. 


Government  Astronomer  H.  C.  Russell  at  Sydney,  Australia,  has  favored  Good 
sell  Observatory  with  a  number  of  valuable  papers  on  Astronomical  themes  as 
follows : 

On  the  Nebula  and  Stars  about  7  Argus,  March  1871. 

The  Colored  Stars  about  Kappa  Crucis,  Mav,  1872. 

Double  Stars  Results,  1871—1881. 

Some  Double  Stars  and  Southern  Binaries,  June  2,  1880. 

Recent  Change^  in  the  Surface  of  Jupiter,  December  1,  1880. 

Transit  of  Mercury,  Nov.  8,  1881,  December  7,  1881. 

New  Double  Stars' September  5,  1883. 

On  the  Increasing  Magnitude  of  Eta  Argus.  June  6,  1888. 

On  Some  Celestial  Photographs  Recently  taken  at  Sydney  Observatory,  No- 
vember, 1890. 

On  an  Electrical  Control  for  Driving  Clocks,  November,  1890. 

On  Some  Photographs  of  the  Milkv  Way,  Recently  Taken  at  Sydney  Observa- 
tory, Aug.  1890. 

Results  of  Double  Star  Measures,  1891. 

Preparations  Now  Being  Made  in  Sydne3'  Observatory  for  the  Photographic 
Chart  of  the  Heavens,  July  1,  1891. 

Notes  on  Some  Celestial  Photographs  Recently  Taken  at  the  Sydney  Observa- 
tory, Sept.  26, 1891. 


Camden  Astronomical  Society.    At  tlic  regular  meetings  the  Camden  Astr 
nomical  Society  held  during  last  year,  the  foUowmg  papers  were  read— 

The  Astronomy  of  the  Ancients— Rev,  Chas.  Bowden. 

The  Manufacture  of  Astronomical  instruments  — A*  B*  Depuy. 

Greenwich  Observatory — H.  H,  Furness,  Jr* 

Personal  Equation  in  Double   Star  Observation— Professor   F.   P.   Leave 
worth. 

The  Law  of  the  Snn*s  Rotation  and  the  Periodicity  of  Sun  Spots— a  transla- 
tion from  the  (lerman  of  Dr.  F.  Wilsing— Professor  E,  S.  Crawlev- 

Mn  A,  B.  Depuy  having  moved  from  the  city  he  tendered  his  resignation  at ' 
secretary  and  Mr.  H*  H.  Furness,  Jr,»  was  elected  to  fill  the  vacancy,  r. 


Meeting  of  the  Aatronomical  Society  of  the  PACtfic,  Jan.  30,  1891.  The  first 
meeting  of  the  year  was  held  in  the  lecture  hall  of  the  CaJifornia  Academy  of  Sci- 
ences, and  was  very  largely  attended.  At  the  meeting  of  the  directors  held  in  the 
i30cicty*s  rooms  immediately  liefore  the  regular  meeting  thirty-eight  candidate! 
were  duly  elected  to  memlKrrship,  as  follows: 

A.  B-  Alexander.  Richard  H.  Allen.  W.  S.  Andrewa.  F.  K.  B*ii»ell,  Miu  Mary  B.  Byrd- 
Mias  Caroline  A.  Clark.  Charles  A.  Crnckbon.  Frank  H.  Dickrv,  Cbarle«  R.  BastmiLn,  Geo. 
Stuart  Porbe»,  Cbarlcs  Gravcii.  T.  P.  Gray.  Alvn  J.  Grovcr,  Stephen  M  Iladlcy.  H.  S,  tier- 
rick.  John  K.  iJcwin.  J.  A.  L,ijfhthJpe.  Martiden  MaoAOti.  David  Miller.  Jamca  Moorr.  Chi%*' 

,  Nordhoflf,  MisB  Clara  A.  Pc»»c.  Thomaa  Porter.  M.  Reiman.4.  George  A.  Kotts,  John  R 
tuckfitelK  Roger  Sprasru*?*  Miss  Henrietta  Stronff.  Mr«,  Wm.  Bmerson  Strong,  C  I,. 
TuYlor.  Senor  Enrique  ToricDa,  Profenaor  L.  \V.  ITnderwood.  Profe^ior  L.  G.  Weld.Jamc* 

^A.  Wilson.  Wm.  C.  Bonifitld,  Adol[jh  Lrietz.  Profesaur  Wm,  Lymmona,  Joaeph  C.  Sala. 

At  the  regular  meettnj^  President  Pierson  presided.  The  thanks  of  the  Society 
were  voted  to  the  California  Academy  of  Sciences  for  the  free  use  of  the  audito- 
rium. A  numWr  of  presents  were  announced  by  the  secretary,  who  called  atten- 
tion to  the  beautiful  colored  lithog:raph  of  the  partially  eclipsed  monn  of  Novem- 
ber! I8883  drawn  by  Professor,  Weinek,  of  Prague,  who  had  presented  the 
society  with  1,000  copies  for  the  Publications  of  the  Society. 

The  following  pa|x^rs  were  presented  : 

a.  The  Rotation  of  the  Sun  ( translation  frotn  the  Sennan  of  Dr.  Schmidt) 
by  A.  C.  Behr,  of  Chicago. 

/>.  Pogson's  Comet  and  the  Bielan  Meteors,  by  W.  H.  S.  Monck,  of  Dublin, 
Ireland. 

c.  The  McKim  Observatory,  by  Professor  W,  V-  Brown,  of  Grcencastle,  Ind. 

d.  When  shall  we  have  Another  Glacial  Epoch  ?  by  Garrett  P.  Serviss  of  New 
York  City. 

e.  The  total  Eclipse  of  the  Moon,  January  28, 1888,  by  Professor  Weinck*  of 
Prague  (translated  by  F.  R.  Ziel,  San  Francisco). 

?,  Lantern  SlidcExhibilion*  Lecture  by  W.  W,  Campbell  of  the  Lick  Observ- 
atory. 

The  President  appointed  the  following  eomitiittees  to  report  at  the  annual 
meeting  March  26th, 

A  committee  to  nominate  Directors  and  publication  committee:  M csbtb.  Jos^l 
Costa,  F.  H,  McConncll.  Hon.  Arthur  Rogers,  Harr>*  Durbrow  and  Edward  R. 
Young. 

A  committee  to  audit  the  accounts  of  the  treasurer:  Messrs.  M.  M.  0*Shaugh- 
nessy,  Otto  Von  Geldem  and  F.  W.  Zeile.  The  hall  was  then  darkened  and 
seventy-five  lantern  slides  exhibited  by  Professor  Campljcll  illustrating  the  meth- 
ods and  results  of  the  Lick  and  other  Observatories. 

The  president  announced  that  a  branch  of  the  society  was  being  organized  in 
Pittsburg  similar  to  the  Chicago  branch. 

The  meeting  then  adjourned. 

Charles  Birckhalteh,  Secretary. 
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ON    A    SIMPLE    MOUNTING    FOR    A    LARGE    TELESCOPE    IN    THE 
FIELD  DURING  ECLIPSE  OBSERVATIONS.* 


PROFESSOR   PRANK   H.   BIGELOW. 


The  importance  of  obtaining  suitable  observations  on  the 
phenomena  exhibited  by  the  solar  corona  during  eclipses  is  be- 
coming more  pressing  than  ever,  in  the  interests  of  the  develop- 
ment of  some  branches  of  cosmical  science.  The  value  of  any 
photograph  of  the  corona  depends  upon  the  amount  of  struc- 
tural detail  that  can  be  found  on  a  picture  of  comparatively 
large  linear  dimensions.  Since  the  diameter  of  the  image  of  the 
Sun  on  the  plate  is  a  direct  function  of  the  focal  length  of  the  ob- 
ject glass  of  the  camera,  in  order  to  obtain  any  picture  in  which 
the  Snn's  disk  will  be  represented  by  a  circle  one-half  inch  in  ra- 
dius, or  more,  it  will  be  necessary  to  mount  a  large  telescope  at 
the  station  of  observations.  Those  who  have  tried  it  know  verj- 
well  the  difficulty  and  cost  of  transporting  the  hea\'y  mounting, 
the  clock  work  and  tube  to  the  place,  to  say  nothing  of  the  labor 
of  setting  up  the  same  on  any  proper  foundations. 

An  attempt  was  made  to  solve  this  problem  practicall3',  in  the 
late  eclipse  expedition  to  West  Africa,  December  22,  1889,  and  I 
propose  to  give  in  this  paper  an  outline  of  the  plan,  in  order  that 
those  preparing  for  the  eclipse  of  April,  1893,  may  be  able  to 
avail  themselves  of  the  results  of  such  experience.  This  anticipa- 
tion of  the  regular  report  of  the  expedition  is  with  the  consent  of 
the  Director,  Professor  D.  P.  Todd. 

It  is  not  proposed  at  this  time  to  consider  the  optical  qualifica- 
tions of  the  telescope  employed,  or  the  best  focal  length  that 
should  be  adopted,  these  questions  being  left  to  the  members  of 
an  expedition.  The  mounting  to  be  described  was  applied  suc- 
cessfally  to  an  object  glass  having  a  focal  length  of  nearly  forty 
feet,  and  in  spite  of  the  weight  of  the  apparatus,  which  was  of 
course  considerable  for  so  long  a  tube,  it  showed  that  it  could  be 

*  Commtiaicated  bj  the  author. 


controlled  to  follow  the  afternoon  or  descending  path  of  the  Sun 
with  a  precision  and  steadiness  seldom  excelled  in  the  best  fixed 


instruments  of  a  regular  Ohscrvntory, 


Figure  1. 


The  accompanying  diagram  presents  the  principle  of  the  ap- 
paratus,  and  nearly  explains  itself.  The  essential  geometrical 
idea  involved  in  the  equatorial  telescope  is  that  of  a  triangle, 
w^hose  base  is  parallel  to  the  axis  of  rotation  of  the  earth, 
revolving  aliont  its  base,  the  hypo  then  tise  l>eing  elevated  to  the 
angular  polar  distance  of  the  object.  It  is  necessary  then  to 
support  the  sight  line  of  the  telescope  at  the  projx^r  angle,  and 
provide  for  its  rotation  about  the  base  fixed  at  elevation  of  the 
pole,  and  in  the  ]iUuic  of  the  nieridiaii.  The  dotted  hnes  represent 
such  a  triangle. 

The  sight  linc»  AC,  is  determined  by  the  optical  axis  of  the  ob- 
ject glass;  the  base,  AB,  by  the  position  of  the  axis  of  rotation  ; 
and  the  altitude  BC  by  the  value  of  the  angle  BAC,  the  polar  dis- 
tance  of  the  Sun  at  the  time  of  observation.  The  circles  A,B,E, 
indicate  a  set  of  ball  and  socket  joints,  allowing  free  motion  in 
any  direction ;  C  is  a  plane  joint  admitting  motion  only  in  the 
plane  of  the  meridian.  A  and  B  are  attached  by  clamp  collars  to 
a  cylindrical  iron  tube,  which  rests  upon  cast  iron  forms  holding 
the  tube  and  anchor  plates.    For  piers  there  were  used  a  set  of 
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oak  iron-bound  casks,  filled  with  stone  and  cement,  in  which  were 
embedded  the  anchor  plates,  suspended  at  some  distance  below 
the  castings  by  four  strong  iron  bolts.  The  contraction  of  the 
casks  at  the  top,  when  once  filled  with  the  cemented  material, 
kept  the  tops  of  the  foundations  in  place,  whenever  subjected  to 
strong  lateral  pressure,  as  was  the  case  when  the  angle  BCD  had 
a  considerable  value.  The  use  of  casks  in  the  field  is  recom- 
mended for  these  purposes;  they  serve  in  transportation,  and 
permit  the  employment  of  loose  stones  and  dirt  mixed  with  ce- 
ment in  place  of  good  brick  or  stone;  they  are  much  more 
quickly  constructed  and  stand  more  wear  and  tear  than  any 
built  up  pillar  piers;  and  they  can  be  repacked  for  transporta- 
tion, the  only  expense  having  been  the  cement. 

Ball  joints  are  needed  at  the  points  A,B,E,  to  preserve  free  mo- 
tion of  the  sight  line ;  they  consist  of  solid  iron  spheres,  which 
receive  two  sets  of  abutting  screws  at  right  angles.  At  C,  the 
joint  must  be  strong  and  constructed  to  prevent  any  rotation  of 
the  telescope  about  its  axis  of  collimation,  or  else  the  position 
angles  will  need  a  correction.  The  thrust  of  the  rod  DE  against 
the  joint  C  effectually  prevents  such  motion.  We  had  the  rod  BC 
trussed  with  three  rods  running  from  end  to  end,  elevated  at  the 
middle  by  three  arms.  The  telescope  was  also  supported  against 
flexure  by  five  such  rods  from  A  to  C. 

The  rod  BC,  therefore,  being  stiff,  could  not  introduce  an  error 
of  rotation  into  the  position  angles,  as  the  hour  angle  from  the 
meridian  increased.  Near  the  lower  part  of  this  rod  was  intro- 
duced a  heavy  double  threaded  turn-buckle,  by  means  of  which, 
when  once  the  length  of  the  rod  had  been  adjusted  to  produce  the 
required  angle  BAC,  small  variations  in  this  angle  h\'  way  of 
adjustment  could  l>e  produced.  An  assistant  was  stationed 
there,  and  by  direction  of  the  observer  raised  or  lowered  the  tele- 
scope so  as  to  bring  the  image  of  the  Sun  to  any  parallel  of  the 
photographic  plate.  The  rod,  DE,  was  built  up  of  lengths, 
which  could  be  rearranged  for  the  altitudes  occurring  during  the 
important  phases  of  the  eclipse,  the  required  combination  of 
parts  being  ascertained  by  a  little  computation,  or  by  trial  dur- 
ing the  preparations  for  the  observations.  The  parts  were 
screwed  together,  and  for  this  purpose  it  is  convenient  to  have 
some  bar  wrenches  adjusted  to  the  size  of  the  rod.  The  parts  of 
the  apparatus  AB,  BC,  DE  are  hollow  tubes,  and  ordinary'  two 
and  four-inch  gas  pipes  are  strong  enough  for  very  large  instru- 
ments, smaller  diameters  being  sufficient  for  a  twenty-foot  tube. 
It  will  be  observed  that  the  method  of  support  on  the  piers,  b> 
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which  the  ends  of  the  tube  are  immediately  secured,  instead  of 
suspending  the  telescope  by  the  center  as  in  the  Fraunhofer 
mounting,  reduces  to  a  minimum  any  tendeTiC3'  to  vibrations 
from  the  wind,  and  favors  photographic  operations  in  a  marked 
degree.  One  of  the  motives  in  mounting  a  forty  foot  telescope^^H 
direct,  instead  of  parallel  to  the  horizon,  as  was  done  in  the  case" 
of  observations  on  the  transit  of  Venus,  was  to  avoid  all  the 
questions  arising  in  the  use  of  the  mirror,  and  at  the  same  time 
secure  rigidity,  as  was  done  in  this  disposition  of  weights  on  a 
tripod.  The  distances  AB,  BD  and  AD  are  so  great,  in  respect  to 
the  size  of  the  telescope,  as  to  favor  to  the  utmost  stability  of 
support. 

The  important  problem  to  be  solved  was  the  imparting  the 
requisite  motion  in  hotir  angle  about  the  axis  AB,  without  the 
employment  of  a  regular  clock,  A  sand  piston  was  substituted 
for  it,  and  the  success  attending  its  trial  gives  us  a  valuable  aux- 
iliary for  all  such  observations.  The  end  of  the  rod  ED  termin- 
ates in  a  flat  circular  plate,  which  rests  upon  sand  in  a  strong 
piston,  the  cap  at  the  top  guiding  the  rod,  the  flow  from  the 
piston  being  controlled  by  a  valve  invented  for  the  purpose,  set 
into  the  center  of  the  bottom,  and  finally  the  whole  piston 
resting  upon  a  base  that  allowed  it  to  move  through  an\*  conical 
angle  produced  by  the  action  of  the  rod  ED,  The  use  of  sand  for 
such  a  purpose  has  given  trouble  heretofore  by  the  fact  its  flow 
is  not  steady  under  ordinary  conditions.  The  tendency  is  to 
move  by  jumps ;  the  sand  congests  and  then  flows  spasmodicalh*. 
This  is  due  to  two  causes,  first  the  presence  of  moisture  in  the 
sand,  which  gives  a  \nscous  sort  of  friction,  and  second  to  the 
shape  of  the  orifice  which  generally  has  been  circular. 

The  first  diflficulty  was  overcome  b3^  heating  the  sand  thorough- 
ly over  the  fire,  before  using  it.  The  moisture  once  having  been 
evaporated,  the  movement  of  the  sand  particles  becomes  pertectly 
uniform  so  far  as  friction  is  concerned.  The  sand  was  from  the 
beach,  washed  free  from  dirt  and  carefully  screened  fine,  so  that 
the  grains  should  he  as  nearly  of  the  same  size  as  possible. 

The  valve  and  form  of  the  orifice  which  overcame  the  second 
obstacle  to  unilbrra  flow  w*as  constructed  as  follows.    The  dia- 
gram represents  in  full  si^re  the  valve  that  was  used  at  Cape  Ledo, 
A  brass  cylindar  screws  into  the  bottom  of  the  sand  piston ;  near 
the  middle,  on  the  inside,  two  conical  ledges  project  a  short  dis 
tance  towards  the  center;  from  the  bottom,  carried  by  a  screw 
a  longer  cone  projects  upw  ards,  its  axis  coincident  with  the  axii 
of  the  cylinder,  and  its  sides  parallel  to  the  sides  of  the  fixed  conCj 
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Figure  2. 


as  shown  in  the  figure,  which  is  a  drawing  of  a  section  through 
the  middle.  By  lowering  or  raising  the  cone,  which  can  be  done 
accurately,  the  passage  through  which  the  sand  flows  can  be 

changed  to  an^'  desired  amount,  up 
to  the  size  of  the  opening  between  the 
fixed  ring,  or  it  can  be  closed  entirely. 
The  sand  escapes  through  some  holes 
into  the  cone  which  is  hollow,  and 
drops  out  at  the  bottom.  It  will  be 
seen  that  the  action  of  the  cone  is  to 
pierce  the  flowing  solid  stream  of 
sand  at  the  center  and  convert  it  into 
a  thin  band  in  the  form  of  an  annulus. 
This  stops  the  irregular  action  caused 
b}'  congesting  and  freeing  of  the  sand 
at  a  circular  opening,  and  allows  the 
flow  to  become  steady  and  continu- 
ous. One  other  precaution  should  be 
taken  with  the  sand  piston,  namely, 
the  diameter  must  be  large,  about  six 
inches,  and  the  piston  head  must  be  free  round  about  its  edge  by 
at  least  one-fourth  of  an  inch.  In  this  way  the  particles  of  sand 
work  up  between  the  piston  head  and  the  sides,  forming  an  excel- 
lent friction  surface,  which  works  smoothly;  and  by  ha\4ng  a 
large  column  of  sand,  there  is  no  chance  to  congest  under  pressure 
as  it  falls  awa^-  with  the  load.  It  was  surprising  to  see  how 
readily  the  sand  piston  carried  a  varying  weight,  ranging  from 
100  to  800  pounds,  with  apparently  no  impression  upon  the  rate 
of  speed  as  controlled  by  the  valve.  This  speed  was  also  sensitive 
to  a  half  or  even  a  sixteenth  of  a  revolution  of  the  cone,  showing 
that  the  sand  acts  practically  Hke  a  solid  mo\4ng  column.  With 
this  arrangement  the  Sun  could  be  maintained  tangent  to  the 
reticle  threads  for  a  considerable  length  of  time.  The  pot  used 
was  about  2V2  feet  long  and  gave  an  effective  flow  to  the  forty- 
foot  telescope  for  eighteen  minutes,  which  was  ample  time  to 
take  all  the  pictures  desired  of  any  phase  of  the  eclipse. 

Regarding  the  adjustment  of  the  polar  axis  in  altitude  and  azi- 
muth, it  is  to  be  observed  that  the  long  rod  of  support,  BC,  lends 
itself  to  this  purpose,  by  reason  of  the  large  triangle,  ABC,  of 
which  it  is  a  part.  Calculating  the  angle  BAC  for  any  date,  and 
the  length  of  the  rod  corresponding,  it  is  necessary  simply,  hav- 
ing made  the  end  A  fast,  to  set  the  telescope  on  the  Sun  at  noon 
by  raising  the  end  B  over  the  pier,  and  again  on  the  same  day 
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near  the  horizon  for  the  azinnith.    Or  if  preferred,  by  following 

the  Sun  during  a  given  hour  angle  and  observing  the  change  in 
the  length  of  the  rod  IiC\  as  shown  by  the  turns  in  the  buckle, 
an  easy  computation  will  give  the  resolved  part  of  this  change  in 
altitude  aud  azimuth.  For  eclipse  work,  it  would  be  hard  to 
conceive  a  more  expeditious  way  to  set  np  accurately  and  firmly 
a  large  telescope  than  the  one  described.  Instead  of  using  sand, 
it  might  be,  on  some  accounts,  better  to  have  an  hydraulic  piston 
and  then  by  niaking  the  rod  ED  available  at  two  points  D  and 
D%  one  for  raismg  and  the  other  for  lowering  the  telescope,  it 
would  be  equally  useful  for  forenoon  and  afternoon  observations. 
At  Cape  Ledo  the  total  eclipse  occurred  at  3  o'clock  in  the  after- 
noon. 


Fig.  3. 

The  instrumental  corrections  were  easilv  obtained  bv  the 
method  which  is  indicated  briefly  at  this  time.  In  fig.  3  let  P  repre- 
sent the  true  south  celestial  pole,  P'  the  instrumental  pole,  that  is 
the  intersection  of  the  Hue  AB  with  the  celestial  sphere,  PZ  tlie 
meridian,  Z  being  the  point  at  which  the  Sun  crosses  it;  let  S, 
represent  the  place  of  the  Sun  on  its  true  path  ZS^S.j,  at  the  hour 
angle  t,  or  t'  by  the  instrument;  the  dotted  line  ZR  is  the  appar- 
ent path  as  modified  by  the  action  of  refraction.  Let  ^^  r^  be  the 
co-ordinates  of  P'  as  referred  to  P,FS,  ^  90"  —  f*  the  true  po  la 
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distance,  and  P^S,  =  90° — d  the  instrumental  polar   distance. 
The  component  of  refraction  resolved  from  the  zenith  altitude 
into  the  direction  of  the  pole  will  give  the  point  S,  relatively  to 
R  at  the  time  of  an  observation.    Suppose  at  any  time,  t,  the  Sun 
is    seen  at  S„  then  90° — d  is  known   from   the   Almanac,  and 
90°  —  dby  computation  from  the  triangle  ABC.    It  is  necessary 
once  for  all  to  measure  accurately  these  linear  distances,  the  great 
size  of  the  triangle  making  it  easy  to  secure  the  angles  very  ex- 
actly.   At  another  time,  t^,  the  Sun  appears  at  S^,  and  the  tele- 
scope is  brought  upon  it  by  changing  the  length  of  the  rod  BC. 
This  variation  being  found  by  counting  the  movement  of  the 
threads  at  the  turn  buckle.    Hence  by  means  of  this  variation 
and  the  linear  distance  AC,  we  compute  the  angular  change  CS^. 
Now  S,C  =  {ti  —  t,)  cos  <J,  S,CS.^  is  a  right  spherical  triangle,  and 
the  angle  CS^S.^  can  be  found,  this  being  also  the  angle  PS^P'. 
Thus  three  parts  of  the  triangle  PSjP'  are  known,   and  we  ob- 
tain the  required  r,  '^j  which  can  be  readily  changed  into  difference 
of  altitude  and  azimuth  of  the  instrumental  pole.    The  linear  di- 
mensions of  the  triangle  ABC  and  the  variation  of  BC  between 
two  observations,  are  sufficient  to  determine  the  position  of  the 
instrument.    The  temperatures  may  be  reduced  to  a  standard 
temperature  b3''  introducing   a  coefficient  of  expansion  tor  the 
tubes;  it  is  best  to  take  the  two  observations  about  three  hours 
apart;  a  standardized  steel  tape,   measuring  the  distances  be- 
tween proper  marks  on  the  tubes,  the  marks  being  referred  to  the 
inaccessible  points.  A,  B,  C,  by  suitable  methods,  will  give  us  the 
linear  dimensions  at  any  time  with  great  accuracy. 

In  the  mounting  of  the  telescope  for  eclipse  observations,  the 
objects  aimed  at  were  a  minimum  ot  expense  and  a  maximum  of 
stability;  in  the  construction  of  the  photographic  apparatus  it 
was  attempted  to  secure  invariable  actinic  conditions  and  ra- 
piditj'  of  exposure  during  totality.  We  had  an  opportunit3'  to 
test  the  same  during  the  phases,  but  the  totality  was  wholly  ob- 
scured by  clouds.  The  diagram  (Fig.  1),  shows  the  general  posi- 
tion of  the  parts.  A  strongly  built  finding  telescope  is  firmh'  at- 
tached to  the  main  tube  by  ring  struts,  which  carry  abutting 
screws  for  adjustment.  The  axes  of  these  telescopes  are  made 
parallel ;  the  finder  is  used  for  viewing  the  region  of  the  sky  oper- 
ated upon  and  for  fixing  the  position  of  the  camera.  This  con- 
sists of  a  large  plate  of  plane  glass,  the  surfaces  being  parallel 
planes,  bound  about  by  a  thin  brass  ring,  one-half  an  inch  in 
width,  one  edge  carrying  a  lip  flange  against  which  the  plate  is 
cemented  with  shellac.    This  plate  is  pierced  at  the  center,  re- 


ceives  and  is  screwed  to  a  hoilow  axis  with  wide  flange,  this  axis 
fitting  and  revolving  upon  the  finder,  so  that  the  plate  itself 
turns  in  front  of  the  large  telescope.  In  this  way  there  is  a  wide 
annular  surface  of  the  plate  that  is  available  for  photographic 
purposes  in  front  of  the  field,  successive  circular  surfaces  being 
taken  by  turns,  as  the  plate  is  moved  from  step  to  step.  We 
used  a  22-inch  plate  which  gave  ten  4Vjf-inch  circles  v>nthout  over- 
lapping. The  portion  of  the  phite,  on  the  side  opposite  to  the 
objective,  was  spread  over  with  rndii  and  concentric  circles  ruled 
b3' a  diamond,  which  referred  anj^  portion  of  this  surface  to  co- 
ordinates whose  origin  is  the  axis  of  rotation.  It  is  particularly 
to  be  observed  that  the  focal  plane,  once  secured  by  adjusting  the 
finder  in  its  bearings,  is  maintained  constant  throughout  the  ob- 
servations, and  that  the  surface  of  the  plate,  being  perpendicular 
to  the  axis  of  the  finder,  is  always  also  perpendicular  to  the  opti* 
cal  axis  of  the  objective,  two  conditions  of  great  importance. 
Thus  far  we  have  described  the  essential  features  of  the  ap- 
paratus, the  further  process  of  niani{julatif>n  depending  upon  the 
resources  and  the  tastes  of  the  observer.  | 

Our  photographic  film  was  spread  upon  large  circular  plates, 
fitting  inside  the  brass  nng,  the  reticle  lines  and  the  tihn  touch- 
ing each  other,  so  that  there  could  be  no  pa ndlax  effect  between 
them.  Thus  in  one  rotation  of  the  plate  ten  inde|>en<lent  pictures 
under  identical  conditions  were  secured,  each  image  of  the  field 
available  being  4Vi!-inches  in  diameter.  It  was  found  practical  to 
take  a  complete  picture,  once  even-  six  seconds,  or  the  whole  ten 
in  one  minute.  If  it  is  not  thought  best  to  use  so  large  plates,  it 
is  evident  that  ten  compartments  can  be  constructed  into  which 
small  plates  can  be  inserted,  and  removed  in  regular  order  on  the 
unemployed  side,  while  the  exposures  are  made  on  the  other  side 
of  the  plate.  There  is  some  trouble  in  making,  handling  and 
developing  large  plates,  but  in  many  respects,  they  are  superior 
to  a  series  of  small  plates,  especially  in  referring  tliem  to  the  co- 
ordinates for  measurements. 

In  conducting  the  exposures  it  is  necessary  to  have  two  screens 
also  revolving  upon  the  axis  of  the  finder,  just  in  front  of  the 
plate  between  it  and  the  oj^en  end  of  the  tube,  one  to  carry  the 
slit  and  one  opaque;  each  screen  also  revolving  in  one  direction  by 
the  pressure  of  a  spring.  The  order  of  action  is  (1)  movement  of 
the  opaque  screen*  (2)  passage  of  the  slit  screen  for  exposure,  (3) 
return  of  the  opaque  screen  in  front  of  the  tube,  (4)  return  of  the 
slit  screen  to  place  for  a  new  exposure,  and  (5)  the  advance  of 
plate  through  one-tenth  of  the  revolution.    We  employed  a  rather 
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complicated  automatic  apparatus,  acting  b3^  means  of  com- 
pressed air,  which  carried  out  all  these  motions  automatically,  so 
that  the  observer  had  only  to  exchange  plates  after  each  ten  pic- 
tures, but  a  simple  contrivance  can  be  made  to  w^ork  by  hand, 
that  will  do  just  as  well  and  wiU  not  cost  so  much.  The  slit 
screen  must  be  a  sector  covering  rather  more  than  twice  the 
width  of  the  tube,  and  the  opaque  screen  more  than  once  its 
width;  they  must  strike  against  soft  cotton  batten  for  buffers,  so 
as  to  impart  no  vibration  to  the  telescope.  It  was  found  that 
the  rigidity  of  the  end  A  was  such  as  to  permit  any  necessary 
manipulation  of  the  camera  without  disturbing  the  image  of  the 
Sun.  At  Cape  Ledo  the  clouds  were  passing  over  the  Sun  so 
rapidly,  when  it  could  be  seen  at  all,  that  it  was  not  possible  to 
use  the  automatic  apparatus  which  had  been  planned,  to  execute 
prearranged  intervals  of  exposure,  by  control  from  an  electric 
dial  invented  for  this  purpose;  and  what  we  secured  was  ob- 
tained by  watching  the  image  on  the  opaque  screen,  as  could  be 
done  perfectly  from  the  side,  there  being  a  free  space  of  about  one 
half  an  inch,  and  letting  fly  the  screens  b3'  hand,  at  any  favorable 
instants  of  time.  If  one  could  practice  with  such  apparatus  I  am 
sure  that  the  pictures  desired  could  be  obtained  with  the  least 
loss  of  time  and  under  the  most  uniform  conditions.  It  should  be 
said  that  a  small  dark  room  was  erected  over  the  photographic 
end  of  the  telescope  so  that  all  these  operations  went  on  under 
ruby  light,  being  fully  protected  from  causes  that  tend  to  ruin 
such  delicate  work.  Black  canton  flannel  secured  over  the  large 
opening  and  around  the  telescope  admits  of  all  the  freedom  of 
motion  needed  by  the  instrument.  Such  a  dark  room  can  be  con- 
structed cheaph'  and  quickl3%  and  it  seems  to  me  that  it  is  an  in- 
dispensible  part  of  an  eclipse  outfit. 

There  is  one  more  problem  that  it  is  hoped  was  successfully  at- 
tacked, namely  the  determination  of  the  position  angle.  The  po- 
sition angle,  or  the  position  c»f  the  lines  of  reference  of  the  plane 
of  the  ecliptic  and  the  Sun's  axis  of  rotation,  is  a  question  of  ex- 
treme importance  in  the  solution  of  the  location  of  the  coronal 
axes,  along  the  lines  of  investigation  described  in  other  papers, 
and  it  is  the  weakest  part  of  the  work  hitherto  accomplished  in 
taking  coronal  photographs.  A  picture  of  the  corona,  with  such 
Kncs  only  roughly  indicated,  are  not  worthy  the  expense  and  la- 
bor otherwise  bestowed  upon  them,  and  they  miss  one  of  the 
most  important  parts  of  this  problem.  All  observers  know  the 
difficulty  of  securing  this  line  of  reference.  What  is  needed  is  the 
direction  of  motion  of  the  center  of  the  Sun  across  the  plate,  as 
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the  telescope  rotates  about  its  axis;  or  the  telescope  being  fixed 
this  direction  as  the  Sun  passes  over  the  field.  If  the  celestial 
and  the  instrumental  poles  PP',  coincided  on  the  sphere,  these 
two  directions  would  be  the  same. 


Figure  4. 

Hence  both  of  these  lines  should  be  determined,  as  a  check  and 
as  a  term  in  the  problem  of  computation.  In  Fig.  4  let  P  repre- 
sent the  axis  of  rotation  of  the  photographic  plate,  upon  which 
are  shown  their  circles  and  three  radii  belonging  to  the  rotating 
reticle.  Let  F  be  the  center  of  one  of  the  fields  from  the  objective, 
adjusted  to  coincide  with  the  axis  of  collimation  by  means  of  a 
circular  screen  at  the  lower  end  of  the  instrument.  This  screen 
should  also  carry  two  threads  at  right  angles,  the  center  being 
adjusted  to  the  optical  axis  of  the  telescope,  and  one  thread 
parallel  to  the  equator.  S,  and  S.^  are  the  positions  of  the  centers 
of  the  Sun  at  two  exposures  on  the  same  field,  the  first  after  the 
cusp  C,  has  entered  and  the  second  C.^  as  the  Sun  is  leaving  the 
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field,  the  telescope  being  fixed  and  the  Sun  moving,  or  the  tele- 
scope running  past  the  Sun,  by  a  rapid  flow  from  the  piston,  as 
mentioned  above.  The  general  light  of  the  sky  is  always  suffi- 
cient to  throw  down  the  field  with  clearly  defined  edges.  The 
points  of  the  cusps  C,  and  C,  are  suflficient  to  determine  the  direc- 
tions FSj  and  FS,  respectively,  while  the  curvature  of  the  edges 
of  the  Cusps  serves  to  fix  the  positions  S,  and  S^.  Hence  the  line 
S,Sj  is  the  direction  of  motion  of  the  Sun  over  the  field,  and  the 
angle  S,EP  refers  this  to  the  center  of  polar  co-ordinates  P.  If 
now  the  thin  cusp  A,  just  before  Contact  II,  and  the  thin  Cusp  B, 
just  after  contact  III,  are  taken  on  the  same  field,  one  before  and 
the  other  after  totality,  it  is  obvious  that  we  should  have  room 
for  nine  pictures  of  the  corona  on  the  same  plate,  giving  time  for 
some  long  exposures  if  desired.  The  curves  of  the  edges  of  the 
Sun  and  the  moon  can  respectively  be  extended  to  the  circum- 
ference of  the  field,  and  thus  the  direction  of  the  motion  of  each  of 
these  bodies  be  accurately  obtained.  It  is  felt  to  be  very  unfortu- 
nate that  our  ill  luck  at  Cape  Ledo  prevented  us  from  carrying 
out  these  plans  fully.  A  number  of  plates  (10)  of  phases  were 
obtained,  which  show  all  the  mathematical  lines  that  have  here 
been  indicated,  but  they  are  not  as  yet  measured  up  and  com- 
puted. 

There  is  space  remaining  for  only  three  isolated  remarks.     The 
first  is  that  the  evidence  is  very  strong,  as  shown  in  a  paper  on 
"Standardizing  Photographic   Fihns,''   which    appeared  in    the 
Sidereal  Messe.nger  of  Nov.  1891,  that  in  the  present  state  of 
our  knowledge  regarding    the    actinic    problems    of   photogra- 
phic films,  it  is  quite  useless  to  repeat  the  process  of  standard- 
izing the  films  by  squares,  and  comparing  with  the  effects  of  de- 
posit   produced   under  exposure  to   the  corona.    The  second  is 
that  it  is  highh'  important  to  develop  the  plates  as  soon  as  pos- 
sible after  the  exposure,  if  it  is  expected  to  retain  all  the  impres- 
sion  produced.    There  are  now  several  experiences  on  record  that 
show  that  the  images  do  fade  out  with  the  lapse  of  time.    Some 
of  our  plates  were  developed  at  San  Paulo  de  Loando  in  a  few 
days  after  the  eclipse,  and  others  in  the  United  States  after  the  re- 
turn of  the  expedition.    The  latter  had  all  faded  away  seriously 
as  compared  with  the  Loando  plates,  and  there  were  no  precau- 
tions spared  to  prevent  this  result.    In  spite  of  the  practical  diffi- 
culty of  developing  plates  in  hot  climates,  and  with  insuflicient 
ineans,  it  is  better  to  do  so,  and  if  the  work  is  done  at  night  in  a 
cool  place,  the  best  will  have  been  done  that  is  possible.    The 
third  remark  is  that  from  a  careful  study  of  the  corona  pictures 


available,  I  find  that  those  produced  by  the  old  colodion  process, 
swell,  for  example,  as  that  used  by  U.  S.  Kaval  Obsen^atory  par- 
ties ill  1878,  gives  a  better  working  picture  than  any  of  the  gela- 
tine dry  plates.  The.v  are  more  homogeneous,  the  lines  being 
much  more  continuous  in  their  courses  under  the  microscope,  and 
the3'  presen'c  this  continuit}'  much  better  from  near  the  edge  of 
the  Sun  where  the  object  is  bright,  towards  the  extremities  of  the 
streamers  where  the  corona  disappears  in  the  general  brightness 
of  the  sky.  There  is  time  enough  for  sufficiently  long  exposures 
to  use  colodion^  since  it  is  a  mistake  to  expose  a  quick  gelatine 
film  (Seed  No,  27)  for  more  than  about  three  seconds. 

There  are  many  other  processes  that  were  undertaken  by  the 
expeilition,  especially  in  the  way  of  automatic  exposures,  as  con- 
ducted by  Professor  Todd  himself,  which  show  that  the  old 
method  of  hand  manipulation  ought  to  be  abandoned » in  view'  of 
the  value  of  the  available  minutes.  Of  course  nothing  can  take 
the  place  of  a  good  observer,  but  wherever  it  is  proposed  to  sup- 
plement such  observations  wHth  photographic  records,  there  can 
be  no  doubt  that  the  introduction  of  mechanical  operations  has 
l>een  a  step  in  the  right  direction. 


NOTE   ON   THE   NEW   BINARY,  fS  612.* 


S.  W.  BURNHAM. 


In  The  Sidereal  Messenger  for  August,  1891,  I  called  atten- 
tion to  the  rapid  motion  of  this  new  system,  and  gave  all  the 
measures  I  had  any  knowledge  of  at  that  time.  With  these  ob- 
servations, owing  to  the  uncertainty  of  the  quadrant,  it  w^as  im- 
possible to  say  whether  the  motion  w^as  direct  or  retrograde^ 
since  the  components  are  very  nearly  equal,  and  the  several  posi- 
tions might  lie  in  the  same  quadrant.  The  direction  of  the  mo- 
tion seemed  to  depend  upon  the  general  accuracy  of  Engelmann*s 
angle  in  1884,  and  that  made  the  orbital  motion  in  a  retrograde 
direction.  ^ 

Since  that  paper  was  written,  I  have  received  some  very  valua- 
ble unpublished  measures  from  SchiaparelH,  made  in  1889»  1890 
and  1891,  and  from  Hall  in  1891;  and  in  addition  to  these  ob- 
servations, 1  have  recently  measured  it  with  the  36-jnch  equa- 
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torial.  These  observations  show  beyond  question  that  the 
motion  is  direct,  and  that  the  angular  motion  since  1878  is  about 
140°.  There  seems  to  be  a  large  error  in  the  position-angle  of 
1884,  which  it  is  difBcult  to  explain.  The  period  will  be  short, 
and  with  the  measures  of  the  next  two  or  three  years,  it  can 
probably  be  determined  with  approximate  accuracy.  At  the 
present  rate,  with  a  uniform  motion  of  10°  per  year,  the  period 
would  be  only  36  years,  but  it  is  not  at  all  unlikely  that  the  an- 
gular motion  may  be  accelerated  during  the  remainder  of  the  ap- 
parent orbit. 


HISTORY  OP  THE  COLOR  OP  SIRIUS.* 


T.  J.  J.  SEE,  Bbrlin. 


In  the  Philosophical  Transactions  for  1760  Mr.  Thos.  Barker 
of  Lyndon,  in  Rutland,  has  a  paper  ''On  the  Mutations  of 
Stars,"  in  which  he  calls  attention  to  a  supposed  change  in  the 
color  of  Sirius,  and  cites  as  a  proof  that  the  star  was  formerly 
red  the  testimony  of  a  number  of  ancient  authors,  including 
Aratus,  Cicero,  Horace,  Seneca  and  Ptolemy.  The  argument  ad- 
Yanced  seemed  so  conclusive  that  for  a  long  time  the  change  of 
color  appears  to  have  been  accepted  as  an  item  of  scientific  be- 
lief. Recently,  however,  an  eflFort  has  been  made  to  discredit  be- 
lief in  the  ancient  redness  of  Sirius  b3"  throwing  doubt  upon  some 
of  the  evidence  cited  by  Mr.  Barker,  especiall3'  the  weighty  testi- 
mony of  Ptolemy,  Seneca,  and  Cicero.  Therefore,  to  satisfy  my 
own  curiosity,  I  undertook  a  critical  investigation  of  all  of  the 
ancient  authors  hitherto  examined,  and  a  great  many  others, 
with  a  view  of  deciding  definitely  whether  in  antiquity  Sirius 
was  really  red.  The  results  of  the  research  seem  to  establish  be- 
yond doubt  the  ancient  redness  of  the  star,  and  therefore,  since 
the  investigation  will  be  interesting  to  astronomers  who  are 
studying  problems  of  Cosmical  Physics,  I  shall  now  proceed  to 
give  briefly  the  evidence  of  the  ancient  authors  and  to  review  in 
the  proper  place  the  criticisms  hitherto  advanced,  nearly  all  of 
which  happen  to  be  erroneous.  We  shall  proceed  usually  in  chro- 
nological order. 

HOMER. 

The  only  distinct  allusion  to  Sirius  in  the  Homeric  poems  is 
that  in  the  Iliad  (Bk.  XXII,   29-32,)   where  Homer  compares 

*  Communicated  by  the  author. 


Achilles'  shield  (of  copper,  as  we  know  from  recent  Archaelogical 
discoveries)  to  the  star: 

*•  f7v  Ti  n'Jv    UffUtr^tt^  lirixAr^tFtit  xaXittuffty' 


Ttfix 


\Hg*fni  Oiu^To^\^ 


We  have  here  no  rlistinct  record  of  color,  but  the  association  of 
'*ro/jfr»s/*  meaning  *' fever**  (the  same  word  is  used  by  Hippocra- 
tes)»  with  Sirius,  indicates  that  there  must  have  been  some  reason 
for  ascribing  the  presence  of  a  disease  which  the  Greeks  evidently 
connected  with  *' fire**  or '* heat  **  to  Sirius  rather  than  to  other 
stars.  The  evil  omens  attributed  to  Sirius  were  perhaps  the 
natural  outcome  of  astrological  supersritions  widely  spread  in 
antiquity  respecting  the  **  influences  **  of  bodies  of  a  ruddy  color, 
which  were  looked  upon  as  ** angry**  deities.  It  is  well  known 
that  Mars  (the  god  of  war)  and  the  sign  of  Scorpion  (owing 
without  doubt  to  the  *' angry  *'  appearance  of  the  ruddy  Antares) 
were  objects  to  which  astrologers  attributed  all  manner  of  evil. 
It  is  also  well  known  that  the  ** influences**  of  clear  bright  bodies 
like  Venus  and  Jupiter  were  considered  **  salutary  ;**  therefore  it  is 
difficult  to  imagine  why  the  ancients  should  have  attributed  evil 
omens  to  Sirius  if  it  shone  with  its  present  **  salutary**  appear- 
ance. But  certain  it  is,  as  we  shall  sec  in  the  course  of  this  paper, 
that  throughout  the  Greek  and  Roman  world  the  Dog  Star  was 
regarded  as  the  cause  of  the  intense  heat  of  the  '*  Dog  Daj's/'  as 
the  source  of  the  sickness  and  droughts  attending  that  season  of 
the  year,  and  consequently  an  object  of  the  greatest  sujierstitious 
terror.  It  is  easy  to  see  how  these  evil  forebodings  would  arise 
in  the  minds  of  the  ancients  if  Sirius  were  red,  so  as  to  present  the 
appearance  of  **  burning,'*  but  if  the  star  were  white  (clear  and 
**  salutary  **)  an  explanation  of  these  superstitions  seems  nearly 
impossible. 

Honier»  moreover,  by  comparing  the  shining  of  a  copper  shield 
to  the  '*  Dog  of  Orion*'  has  used  language  consistent  with  the 
idea  that  Sirius  shone  with  a  ruddy  light,  and  it  may  be  that  he 
has  thus  unconsciously  preserved  for  us  the  color  of  the  star  3000 
years  ago.  This  suggestion  is  confirmed  by  the  following  com- 
parison of  the  helmet  and  shield  of  Diomede  to  the  '*  Autumn 
Star.**  which  critics  are  agreed  is  Sirius: 

tkfrrift  (>7:atpt>w  hakiyxinv^  ^9  rs  fidkitna 
XofiTSfkuy  i^ftafifai^'^tn  Isloofii^a^  ^Qmavala* 
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r«?«v  ol  izvp  daUv  diru  xparo^  re  xai  tofxutv^ 

(Iliad,  Bk.  V.  4-8). 

Homer  therefore  affirms  the  similarity  in  the  appearance  of  the 
"imperishable  fire;"  streaming  from  Diomede's  copper  armor  to 
that  coming  from  the  "Autumn  Star;"  and  the  repetition  of 
"t'V"  not  only  emphasizes  the  agreement  in  color,  but  assures  us 
that  the  objects  were  fiery  red.  Now  Homer's  similes  and  com- 
parisons are  admitted  by  all  critics  to  be  in  general  proverbially 
accurate;  therefore  it  is  very  improbable  that  he  has  here  com- 
mitted so  great  an  error  as  would  be  implied  by  the  same  com- 
parison at  the  present  day — a  comparison,  indeed,  very  appropri- 
ate for  a  red  star  like  Aldebaran  or  Betelgeux  or  Antares,  but  en- 
tirely inadmissible  for  the  bluish  white  Sirius  with  which  we  are 
all  familiar.  It  must  be  remembered  also  that  the  Greeks  of  the 
Homeric  age  knew  nothing  of  the  white  lights  and  fires  resulting 
from  oil,  gas,  and  electricit3',  but  that  their  primitive  wood  fires 
presented  a  ruddy  tinge.  In  remarking  that  the  star  "appears 
more  brilliant  when  washed  by  the  ocean."  Homer  has  left  us  a 
record  of  scintillation — certainly  the  very  earliest  that  exists — 
but  his  language  does  not  imply  that  his  judgment  of  the  color 
has  been  influenced  by  atmospheric  effects  upon  the  light  of  the 
star.  Scintillation,  indeed,  causes  the  flashes  of  a  red  star  like 
Aldebaran  to  appear  extraordinarily  red,  and  the  flashes  of  a 
bluish  white  star  like  the  present  Sirius  to  appear  extraordinarily 
blue;  therefore  in  the  present  color  of  Sirius  not  even  scintillation 
could  justify  the  comparison  with  ** imperishable  fire"  or  the 
ruddy  glow  of  burnished  cop])er;  whereas,  with  a  color  like  that 
of  Antares  such  a  comparison  would  not  only  he  admissible  but 
the  most  natural  that  could  be  imagined,  whether  scintillation 
existed  or  not.  Accordingly,  although  the  two  foregoing  inde- 
pendent and  ver\'  ancient  records  of  Sirius  have  come  down  to  us 
from  a  poet.  Homer  is  generally  very  accurate  in  his  descriptions, 
and  therefore  his  testimony  ought  to  lay  claim  to  considerable 
confidence. 

HESIOI). 

The  name  I'stptoi  first  api)ears  in  Hesiod  ["Works  and  Days" 
(415,  585,  607)  which  probably  dates  from  the  8th  century 
B.  C]  and  seems  to  mean  the  •*  burning  one."  For  l\tpio^  is  evi- 
dently intimately  connected  with  the  verb  letpiio  (otherwise  ^ttpoto^ 
or  ^tipai^w)  which  means  to  **bum,"  ** consume,"  **dry  up"  or 
**  sear . "    Hesiod  sa vs  : 


"  ircti  xtfaXT^)f  tat  pjuvora  Isipto^  ciCcl" 

A  general  name  for  Mars  among  the  ancients  was  nupoiti^^  the 
**fier\^  one/'  which  shows  that  the  color  of  this  planet  was  care- 
fiilly  noted.  If  *•  S£«>t«c/*  as  we  have  suggested, means  the  ** burn- 
ing one,''  the  meaning  in  the  two  cases  is  essentiall}'  the  same, 
Antares  seems  to  be  redder  than  even  Mars,  and  hence  it  has  been 
suggested  that  the  name  of  the  star  is  derived  from  dvTt'ApT^<i,  the 
**  rival  of  Mars/'  The  linguistic  evidence  certainly  favors  the 
idea  that  these  three  bodies  were  formerly  of  the  same  color, 

EURIPIDES. 

The  language  of  poets  is  always  very  uncertain,  but  one  pas-_ 
sage  in  Euripides  is  given  for  wiiat  it  is  worth : 

(Hecuba,  1080) 

APPOI.LONIUS  RHODIUS. 

This  writer  has  the  following  remark  on  Sinus : 

(2.517), 

ARATUS. 

In  verse  329  of  the  *'  Phenomena  *'  Sirius  is  called  -ouuo^^  which 
is  susceptible  of  several  translations.  The  most  usual  is  **highh^ 
colored,"  or  **  various  colored/'  either  of  which  can  be  justified  by 
classic  authority.  For  example,  there  was  a  gate  at  Athens 
called  7/ m*jx£^ij  (with  or  wthout  rrT-i/i)  from  the  circumstance 
that  Hyron  had  adorned  it  with  paintings  in  bright  colors  (red, 
blue  and  green).  Now,  since  Aratus  uses  words  in  their  correct 
sense,  and  does  not  use  -otxikift  of  any  other  star,  it  is  to  be  pre- 
sumed that  the  appearance  of  Sirius  was  something  extraordi- 
nary^; and  in  the  present  case  about  the  only  meaning  that  can 
with  any  probability  be  assigned  to  xouiX«v  is  **  ruddy.*' 

In  331-2  Aratus  continues : 

**  ^5  /fa  judXtffTu 
d^ia  tfttptdev  xai  fitv  KaXiom  iiv0pwnut 

This  remark  confirms  the  derivation  of  the  name  Sirius  just  given 
in  speaking  of  Hesiod,  and  shows  clearly  that  liipu'^  means  the 
**  burning  one."* 

It  may  be  added  that  there  is  an  extant  commentary  on  Aratus 
by  the  great   astronomer  Hipparchus,    who  points  out  many 


*  The  derivation  of  letptoi  given  by  Ideler  in  his 
erroneous* 


'  Stemnamen  **  is  certainly 
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errors  in  the  celestial  geography  of  his  author,  but  makes  no 
comment  on  r«exa#i9.  Considering  the  scrupulous  care  which 
characterized  all  of  Hipparchus'  work,  it  would  seem  that  he 
most  have  considered  notxtXo^  a  correct  description  of  Sirius. 

Using  Buhle's  edition  of  Aratus  (Leipsic,  1796)  we  shall  now 
consider  the  Roman  translations. 

( 1 ) .     THE  TRANSLATION  BY  CICERO. 

This  appears  to  be  in  general  a  fairly  faithful  rendering  of  the 
original.    In  verses  326-7  we  read : — 

*•  Namque  pedes  subter  rutilo  cura  lumine  claret 
**  Fervidus  ille  Canis,  stellarum  luce  refulgens." 

The  word  -ow'/«9is  thus  rendered  **  rutilo  cum  lumine,"  appar- 
ently because  the  word  had  that  meaning,  or  because  Cicero 
knew  from  observation  that  Sirius  shone  '*with  a  ruddy  light." 
In  the  whole  of  his  writings,  as  I  have  found  by  careful  investiga- 
tion, Cicero  does  not  use  the  word  **  rutilus  "  (or  any  other  word 
meaning  red)  m  speaking  of  any  other  heavenly  body  except  the 
planet  Mars,  which  in  the  Somnium  Scipionis  (Cap.  IV.)  is  styled 
•* rutilus  terribilisque  terns."  No  foreigner  ever  understood 
Greek  better  than  Cicero,  and  therefore  he  can  not  have  been  ig- 
norant of  the  meaning  of  his  text,  nor  is  there  the  slightest 
ffronnd  for  saying  that  he  was  a  ''rhetorician  rather  than  a  na- 
tural philosopher,"  as  one  critic  has  asserted.  For  it  is  a  matter 
of  universal  knowledge  that  Cicero  devoted  great  attention  to 
the  Greek  philosophy,  consecrated,  as  it  was,  in  so  large  a  degree, 
to  theories  of  the  system  of  the  world ;  it  is  therefore  certain 
that  he  was  perfectly  familiar  with  the  appearance  of  all  the  con- 
spicuous heavenly  bodies,  and  especially  of  so  famous  and  promi- 
nent a  body  as  Sirius.  Considering  the  out-door  life  of  the  Ro- 
mans, we  can  not  doubt  that  Cicero  had  observed  the  Dog  Star 
hundreds  of  times;  hence  when  he  wrote  *' rutilo  cum  lumine"  he 

recorded  the  color  with  which  he  had  long  been  made  familiar. 

(2).      THE  TRANSLATION  BY  GERMANICUS  C^SAR. 

The  fairly  good  translation  left  us  by  this  Roman  general  sin- 
gularly contains  no  rendering  of  the  Aratus'  r»*urxo9,  probably  be- 
cause the  word  was  accidentally  overlooked.  However,  in  the 
same  passage  as  icotixio^^  but  12  verses  further  on,  Germanicus  dis- 
tinctly implies  the  redness  of  Sirius  :— 

'*  Urgetur  cursu  rutili  Canis  ille  per  aethram" 

(verse  341). 


**Cursn  rutin  ■'  may  therefore  be  taken  as  the  equivalent  of 
TTutxiko'^^  Germanicus'  use  of  words  throughout  the  translation  is 
classic,  aod  I  have  found  by  careful  examination  that  '*rutilus" 
is  used  of  no  other  star,  not  even  Antares,  which  he  evidently  al- 
luded to  when  he  speaks  of  the  Scorpion  as  "ardenti  cum  pec- 
toro'*  (653).  Therefore,  since  it  is  certain  that  Germanicus  was 
familiar  with  the  appearance  of  the  conspicuous  heavenly  bodies, 
his  testimony  for  the  redness  of  Sirius  ought  not  lightly  to  be  set 
aside. 


(3). 


THE  PARAPHRASE  BY  LUCIITS  FESTITS  AVIKNITS. 


This  author  is  supposed  to  have  Hourished  towards  the  end  of 
the  4th  century-  A.  D.     His  translation  is  onh*  a  ver\^  rough  para- 
phrase of  the  original,  and  the  words  are  very  loosely  used. 
Therefore  but  little  importance  can  be  attached  to  w^hat  he 
says  in  speaking  of  the  Dog : — 

**  Multus  rubor  inibuit  ora.** 

(verse  727). 

THEON, 

This  Alexandrian  mathematician  wrote  a  commentary  on 
Aratus  about  the  end  of  the  4th  century  A,  D.,  and  in  explaining 
TsmxiktK  says  the  light  of  certain  stars  is  "not  composed  of 
one  ray,  but  various  colors,*'  (Buhle's  Aratus,  vol,  I.,  p.  2^1). 
Theon  thus  says  that  Sirius  is  rrtimAo^',  but  his  use  of  words  does 
not  seem  very  classic.  An  unknown  scholiast  has  explained 
jTMEJttUo^  as  equivalent  to  '' zifft^offi;,,^-'*  (Ouhle's  Aratus  voL  I., 
p.  83)  which  can  be  translated  **  purple,*'  but  here  perhaps  the 
rendering  should  be  '*  nidd3\" 

[to  be   COMTIKUliD,] 


A  FURTHER  NOTE  ON  COMETS  AND  METEORS; 


MONCK. 


Besides  the  four  meteor-showers  which  are  usually  regarded  as 
cometarA%  Professor  A.  S.  Herschel  communicated  a  long  list  of 
supposed  accordances  to  the  Ro3'al  Astronomical  Society  in  the 
year  1876,  which  was  included  in  the  report  of  the  Council  fur 
that  year;  and  in  the  Monthly  Notices  for  1878  appeared  a  fur- 
ther development  of  this  list  also  by  Professor  HerscheU  No  cor- 
rection of  these  lists  has,  so  far  as  I  am  aware,  hitherto  ap 

*  Communicated  by  the  author. 
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peared,  and  the  Royal  Astronomical  Society  decided  on  not  pub- 
Ushing  a  criticism  by  the  present  writer,  I  presume  because  the  list 
had  received  the  imprimatur  of -the  Council.  It  may  not,  there- 
fore, be  amiss  to  show  briefly  that  the  great  majority  of  these  ac- 
cordances are  purely  imaginary  and  have  not  been  borne  out  by 
subsequent  observation,  and  especially  that  they  are  not  to  be 
found  in  the  great  catalogue  of  Mr.  Denning,  published  in  the 
Monthly  Notices  for  May,  1890 — a  catalogue  containing  the  re- 
sults of  some  twenty  years  of  accurate  observation  by  a  most 
pains-taking  observer. 

Professor  Herschel's  idea  of  what  constitutes  an  accordance  dif- 
fers widely  from  mine.    Take,  for  instance,  the  very  first  comet  in 
his  list,  the  second  comet  of  1792.    Meteors  attached  to  this  comet 
would  have  ( according  to  Weisse)  a  radiant  at  194°  +  24°. 5,  the 
date  being  January  5th.    The  supposed  accordance  is  with  these 
meteor-radiants,  one  at  183°  +  28°  from  Schiaparelli  and  Tezioli 
on  January  11-12,  and  the  others  at  180°  +  35°  and  183°  +  36° 
respectively,  extending  through  the  greater  part  of  January,  one 
resting  on  the  authority  of  Colonel  Tupman,  and  the  other  of 
Grey  and  Herschel.    The  two  latter  evidently  represent  the  same 
radiant,  but  the  accordance  does  not  approach  within  10°  either 
in  right  ascension  or  in  declination,  and  the  shower  lasts  for  at 
least  three  weeks  after  the  earth  has  passed  the  cometary  node, 
the  inclination  being  49°.    Schiaparelli  and  Tezioli's  radiant  ap- 
proaches nearer  in  declination,  but  its  right  ascension  is  wrong  by 
over  10°  and  the  date  erroneous  to  the  extent  of  a  week.    If  we  al- 
low ourselves  this  amount  of  latitude  there  is  probably  not  an 
observed  meteor-radiant  for  which  we  could  not  find  a  comet,  or 
a  cometary  radiant  for  which  we  could  not  find  an  observed  me- 
teor-shower.   For  as  both  meteor-radiants  and  (theoretical)  com- 
etar>'  radiants  are  reckoned  by  the  hundred  and  are  distributed 
over  all  parts  of  the  sky,  such  accordances  must  take  place ;  but  I 
believe  equally  good  accordances  could  be  obtained  for  points  and 
dates  selected  at  random,  provided  that  the  selected  portion  of  the 
sky  was  suited  for  meteor-observation  at  the  time.    In  this  in- 
stance Mr.  Denning's  observations  confirm  the  discordance.    His 
nearest  shower  is  from  180°  +  24°  on  the  25th  of  January  and 
the  column  **  Other  nights  of  observation  '*  is  a  blank.    Mr.  Den- 
ning did  not  observe  anv  meteors  from  the  cometary  radiant  and 
1  am  not  aware  of  any  one  who  did. 

The  table  itself  is  indeed  suflScient  to  show  the  hap-hazard 
manner  in  which  its  results  have  been  arrived  at.  Two  supposed 
coincidences  are  introduced  into  the  table  in  deference  to  Weiss 


and  Schiaparelli  respectively  (see  Report  of  the  Council  for  1876), 
though  the  great  distance  of  the  earth  from  the  comet's  orbit 
renden;;  Professor  Herschel  ver}'  donbtftil  as  to  the  connexion; 
but  tlie  coincidences  are  quite  as  good  as  in  the  majority  of  other 
cases.  Professor  Herschel,  in  computing  the  radiant  for  the  first 
comet  of  187(J,  made  a  serious  arithmetical  error,  the  result  be- 
ing that  an  excellent  coincidence  was  detected;  but  on  the  error 
being  corrected,  a  new  coincidence,  not  quite  as  good  as  the 
former  one,  immediately  came  to  light.  And  no  doubt  if  a  sec- 
ond correction  had  become  necessary,  a  third  coincidence  would 
have  been  discovered ;  for  the  whole  region  of  Persens  and  An- 
dromeda swarms  with  meteor-radiants  about  the  12th  of  Au- 
gust when  the  earth  reaches  the  node  of  this  comet's  orbit,  I 
may  take  another  example  from  the  early  part  of  Professor  Her- 
scheFs  table — the  fourth  in  his  list.  The  comet  of  1746  gives  a 
radiant  at  60-  +  40"  with  the  date  January  16,  The  nearest  of 
Professor  HerscheFs  supposed  agreements  is  wrong  by  15*^'  in 
declination,  Mr,  Denning  discovered  one  of  his  stationan^-  or 
long-enduring  radiants  near  this  point,  but  it  so  happens  that  one 
t>f  the  months  during  which  the  shower  appears  to  be  quiescent 
is  the  month  of  January. 

The  table  as  such  is»  I  think,  worthless,  but  it  may  l^e  worth  in- 
quiring whether  any  of  the  radiants  comprised  in  it  are  borne 
out  by  Mr.  Denning*s  and  other  recent  observations.  The  exam- 
ples of  this  kind  are  perhaps  not  more  numerous  than  chance 
will  account  for,  but  they  seem  worth  giving  in  detail  in  order 
that  further  investigation  may  lead  to  some  definite  conclusions 
with  regard  to  them, 

1.  Comet  HI  1759  has  a  radiant  at  210  —  15^/  date  Janu- 
tiry  19.  On  January  22  ('*  other  days  of  obser^'ation ''  Jantiar>^ 
19,  20,  25),  Mr,  Denning  observed  a  radiant  at  210°  —  8°,  The 
difference  in  declination  is  considerable  but  the  shower  is  worth 
watching.  There  are,  however,  some  indications  of  a  stationary 
radiant  near  this  pointy  Mr,  Denning  ha\nng  observed  meteors 
from  it  in  February  and  April  which  could  not  be  ascribed  to  this 
comet, 

2,  Comet  961  is  assigned  a  radiant  at  308^  +  12°  for  March 
23,  and  Comet  1857  V  a  radiant  at  302*"  +  11°  for  April  4,  Mr. 
Denning  deduced  from  Italian  observations  a  radiant  at 
304"^  +  12*^  for  the  period  Manch  31  to  April  12,  and  observed  a 


•  ProfcMor  Herschcl's  radiants  seem  to  have  been  arrived  at  bj  a  graphical 
construction  and  are  probably  not  Teiy  accarate.  Mr.  Coirigan  or' Mr.  Winlock 
might  find  the  tabic  worth  going  over  from  this  point  of  view. 
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radiant  at  303°  +  13°  on  April  19.  As  there  are  no  radiants  for 
the  early  part  of  April  in  his  catalogue  an  earlier  display  of  this 
shower  may  have  escaped  his  notice.  The  shower  agrees  better 
with  the  comet  of  1857  than  with  that  of  961.  This  comet  is  an 
elliptic  comet.  There  are  some  indications  6i  a  stationary  ra- 
diant near  the  point. 

[One  of  the  next  agreements  in  Professor  Herschel's  table  is  be- 
tween the  Comet  I  1847,  whose  distance  is  very  considerable  at 
the  node,  and  a  meteor-shower  in  April  from  nearly  the  same 
point.  The  date  of  the  cometary  shower,  however,  is  April  11, 
while  Mr.  Denning's  observations  of  the  meteor-shower  extend 
from  May  7  to  May  18.  The  identity  in  this  case  may  therefore 
be  rejected  though  the  agreement  in  position  is  very  good.  For 
similar  reasons  the  comet  of  1746  (radiant  at  296°  +  1°.5  on 
March  26)  cannot  be  connected  with  a  stationary  radiant  ob- 
served near  the  same  point  by  Mr.  Denning,  the  nearest  agree- 
ment in  date  being  April  15th.] 

3.  Comet  II 1844,  radiant  at  288°.5  +  5°  on  April  21st.  Mr. 
Denning  observed  meteors  from  286°  +  5°  on  April  19  and  the 
point  does  not  seem  to  be  a  stationary  radiant.  The  comet  is 
supposed  to  be  elliptic. 

4.  Comet  I  1737  gives  a  radiant  at  235°  —  15°  for  May  8. 
Mr.  Denning  observed  meteors  from  this  radiant  on  April  16-21. 
The  accordance  is  very  doubtful. 

5.  Halley's  comet  gives  a  radiant  at  337°  +  0°  for  May  4. 
Mr.  Denning  observed  meteors  from  337°  —  2°  from  April  30  to 
May  6. 

6.  Comet  I  1781  gives  a  radiant  at  338°  +  57°  for  June  14. 
Mr.  Denning  observed  meteors  from  335°  +  57°  from  the  10th  to 
the  28th  of  June ;  but  among  the  stationary  or  long-enduring  ra- 
diants enumerated  by  him  is  one  at  334'  +  58°  which  continues 
active  from  Juh'  to  January.  This  throws  considerable  doubt  on 
the  connexion  between  the  comet  and  the  meteors. 

7.  Comet  I  1850  gives  a  radiant  at  312°.5  +  60°.5  for  June 
20.  More  than  one  of  Mr.  Denning's  radiants  are  in  fair  agree- 
ment with  this ;  but  the  question,  as  in  the  last  instance,  is  compli- 
cated by  the  existence  of  a  stationary  radiant,  and  the  nearest 
agreement  in  date  is  one  of  the  worst  as  regards  position.  It  is 
at  302°  +  64°  on  June  14  and  17.  On  June  13  meteors  were 
traced  to  310°  +  61°,  and  on  July  1  to  6,  to  313°  +  60°,  a  point 
which  was  also  active  on  June  4.  Meteors  from  pretty  near  the 
samp  point  were  observed  in  August,  September  and  October. 
Schiaparelli's  date  is  July. 10  and  Mr.  Denning  obtained  the  same 


result  from  Italian  observations  July  15  to  August  2.    The  comet 
is  believed  to  be  elliptic. 

8.  Another  doubtful  accordance  is  between  Comet  lY  1822, 
radiant  348^.5  +  28^  on  June  25  and  a  shower  from  344'^  +  27'=' 
observed  by  Mr.  Denning  on  July  7.  This  comet  is  also  elliptic. 
There  appears  to  be  a  shower  of  some  duration  from  about 
333^  +  27°  of  which  Mr.  Denning's  radiant  on  July  7  may  be  an 
outlier. 

9.  Equally  doubtful  is  the  accordance  of  Comet  1764  (radiant 
at  49^  +  45*^.5  on  July  25)  with  several  radiants  observed  by 
Air.  Denning.  One  of  the  best  established  stationary'  radiants  on 
his  list,  which  is  active  from  Juh'  to  Januar3',  is  situated  at  about 
47^  +  44*^.  Its  position  for  the  25th  of  July  appears  to  be  at 
48°  +  43°. 

10.  The  comet  11  1877  has  a  radiant  at  32^  —  18*^.5  on  Au- 
gust 9.  On  July  28th,  1878,  Mr.  Denning  met  with  a  shower 
from  33"^  —  20-\    The  comet  is  supposed  to  be  elliptic. 

11.  Comet  II  1780  has  a  radiant  at  3^.5  +  38  \5  for  August 
14,  Radiants  in  tolerable  agreement  may  be  found  in  Mr.  Den- 
ning*s  Catalogne,  but  there  is  a  well-established  stationary  radi- 
ant, active  from  June  to  Octot>er,  whose  mean  position  Is  given 
by  Mr.  Denning  at  7*^  +  35*^.  The  declination  of  the  observed 
radiants  seems  to  be  always  less  than  that  of  the  come tary  radi- 
ant, while  the  R.  A.  is  usually  greater. 

12.  Donati's  Comet  of  1858  has  a  radiant  at  100°  +  59^  for 
September  8.  Mr.  Denning  observed  meteors  from  100"^  -f  58'' 
on  September  5  and  7.  The  comet  is  elliptic.  There  are,  ho>v- 
ever,  some  indications  of  a  stationary  radiant,  Mr,  Denning  ob- 
tained 100*^+  60^  from  Italian  observations  October  29  to  No- 
vember 13  and  Schiaparelli  lUO' +  59^  for  December  9.  Mr. 
Saw\ver  obtained  meteors  exactly  corresponding  w*ith  the  comet- 
ar^'  radiant, 

is.  Comet  1769  gives  a  radiant  of  21''.  5  +  17°. 5  for  September 
28,  this  being  of  the  kind  which  Professor  Herschel  calls  an  ap- 
pulse.  Mr.  Denning  observed  radiants  at  20^  +  14*^  on  Septcm* 
ber  19,  23"  +  17^  on  October  5-7,  and  21^  +  14*^  on  October 
13-19.  The  agreement  is  not  very  good  but  is  suggestive  of 
further  inquiry'.    The  comet  is  believed  to  be  elliptic. 

14.  Comet  VI  1847  has  a  radiant  at  54°  +  52^.5  for  October 
4.  Mr.  Denning  obtained  meteors  from  56°  +  52°  on  October 
5-8.  The  point  however,  lies  very  near  to  the  permanent  Perseid 
radiant  and  in  particular  to  Col.  Tupman's  radiant  for  Septem- 
ber 7  to  15. 
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15.  Comet  II  1825  has  a  radiant  at  134°  +  77°  for  October  7. 
Mr.  Denning  observed  meteors  from  133°  +  79°  on  that  day; 
but  there  seems  to  be  a  stationary  radiant  at  this  point,  as  he 
obtained  meteors  from  134°  +  78°  in  July,  from  135°  +  78°  in 
August  and  from  136°  +  77°  in  November  and  December.  The 
last  observation  was  confirmed  by  Italian  observations  which 
gave  a  radiant  at  140°  +  77°  in  January.  This  stationary  ra- 
diant seems  to  be  distinct  from  another  which  is  situated  about 
10°  farther  S. 

16.  Comet  II  1850  has  a  radiant  at  2°  +  54°  for  October  19. 
Mr.  Denning  traced  meteors  to  7°  +  51°  on  October  15,  19  and 
20.  Besides  the  difference  of  some  degrees  in  position  there  seems 
to  be  a  stationary  radiant  near  7°  +  51°  which  is  most  active  in 
July  and  appears  also  in  August  and  November. 

17.  Comet  II 1842  has  a  radiant  at  81°  +  57°  for  October  21, 
and  Comet  I  1848  at  78°  +  60°  for  October  25.  Mr.  Denning 
observed  a  radiant  at  78° +  57°  on  October  14-15;  but  one  of  the 
stationary  radiants  in  his  list  at  77°  +  56V4°  lasting  from  Sep- 
tember (he  might,  I  believe,  have  said  August)  to  November. 

18  and  19.  There  is  a  somewhat  similar  agreement  between 
the  Comet  of  1739,  radiant  at  157°  +  39°  on  Oct.  22,  and  Mr. 
Denning's  stationary  radiant  at  154°  +  40V^°,  September  to  De- 
cember; and  also  between  Comet  1582,  radiant  at  89°  +  36°  on 
Nov.  9,  and  a  number  of  radiants  situated  at  about  87°  +  34° 
observed  by  Mr.  Denning  from  September  to  December.  The  or- 
bit of  the  latter  comet  is  very  uncertain  and  no  reliance  could,  in 
any  event,  be  placed  on  the  apparent  coincidence. 

(As  a  specimen  of  Professor  Herschel's  powers  of  identification, 
I  may  mention  that  he  connects  both  the  Orionids  of  October 
and  the  later  Taurids  at  the  end  of  November  with  the  Comet  of 
1821,  radiant  at  86°  +  19°.5  on  November  11.  No  one  would, 
I  presume,  now  identify  the  two  showers  or  connect  the  comet 
with  either.) 

20.  Comet  I  1813  has  a  radiant  at  147°  +  0°  for  Nov.  24. 
Mr.  Denning  observed  meteors  from  148°  +  2°  on  Nov.  25-28. 
These  meteors,  however,  are  probably  connected  with  others 
from  145°  +  7°  in  December  and  146°  +  4°  in  January.  Mr. 
Denning  recognizes  a  stationary  radiant  at  145°  +  7°,  Nov.  26 
to  Feb.  27. 

21.  Comet  VII  1846  has  a  radiant  at  200°.5  +  4°.5  for  Dec. 
12-17.  Mr.  Denning  has  a  radiant  at  201°  +  4°  for  Dec.  21- 
28.  There  seems  to  be  no  stationary  radiant  here.  The  comet 
«  elliptic. 
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22.  The  gi^at  Cornet  of  1680  has  a  radiant  at  132°  +  ai*^',^ 
for  December  26,  Mr,  Denning  observed  meteors  from  129°  + 
19°  on  Dec-  21,  22  and  24.     The  comet  is  elliptic. 

If  we  add  to  the  foreg^oing  list  the  four  comets  usually  referred 
to  and  Comet  I  187<»,  the  corrected  radiant  of  which  agrees 
pretty  fairly  with  a  shower  from  Andromeda  which  occurs  simul- 
taneously with  the  Perseids,  the  list  will,  I  thinks  be  found  nearly 
complete.  The  weight  which  should  be  attached  to  the  agree- 
ments is  a  different  matter.  According  to  a  theory  still  current^ 
according  to  which  a  comet  is,  in  fact,  a  swarm  of  meteors,  the 
weight  seems  to  me  to  be  very  small  in  most  cases.  If,  for  in- 
stance, the  cometar\^  theory  supposed  such  a  rapid  shifting  in  the 
radiant  as  Mn  Lk^nning  is  supposed  to  have  observed  in  the  case 
of  the  Perseids,  the  mere  difference  in  date  would  often  convert  a 
supposed  accordance  into  a  discordance.  Thus  an  advance  of  1 
per  diem  in  the  R.  A,  of  the  radiant  would  give  a  difl'erence  of  16 
instead  of  4-  in  R.  A.  in  the  case  of  No,  8.  But  if,  as  I  have  pre- 
viously  maintained,  the  chief  effect  of  a  cometary  node  is  to  ren- 
der all  stationary  radiants  in  that  part  of  the  sky  more  active, 
a  connection  of  this  kind  may  perhaps  be  traced  in  several  cases. 

In  some  instances,  however,  the  stationary  radiant  seems  to  be 
unusually  quiescent  at  the  time  that  we  reach  the  comet's  node. 
The  best  coincidences  in  the  list  occur  with  elliptic  comets.  Those 
with  the  comets  of  Halley  and  Donati  and  Cornets  II  1844,  and 
VII  1846,  must  be  regarded  as  ver^^  close.  The  result  with  re- 
gard to  the  great  comet  of  1680  is  peculiar.  Two  observations 
made  in  different  years  give  exactly  the  same  deviation  from  the 
cometary  radiant,  and  the  effect  of  this  deviation  (according  to 
the  orbits  computed  by  Dr.  Kleilier)  is  that  the  meteors,  instead 
of  grazing  the  Sun,  will  fall  into  it— some  of  them  almost  cen- 
trally. With  regard  to  these  computed  orbits  I  may  remark 
that  in  almost  ever\'  case  in  which  an  apparent  coincidence  oc* 
curs  the  perihelion  distance  of  the  meteors  is  greater  than  that  of 
the  comet  (the  comet  of  1680  is  of  course  an  exception),  as  if  the 
meteor-train  was  dragged  on  after  the  comet  and  never  ap- 
proached the  Sun  as  closely  as  the  comet's  nucleus. 

The  orbits  computed  by  Dr.  Kleiber  for  Mr,  Denning*s  radiants 
do  not  exhibit  that  preference  for  high  inclinations  which  Pro- 
fessor Newton  regards  as  evidence  of  an  origin  beyond  the  limits 
of  the  solar  system  in  the  case  of  the  comets.  The  connection  be- 
tween the  two  is  therefore  perhaps  acquired  rather  than  origini 
and  elliptic  comets  which  remain  for  ages  moving  within  th« 
limits  of  the  solar  system  display  this  accjuired  connection  most 
clearly. 
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SOPHIE  KOWALEVSKI.* 


CHARLOTTE  C.  BARNUM. 


Mmc.  Sophie  Kowalevski  (or  Sonja  Kovalevsky)  was  bom  in 
Moscow,  Dec.  ^f,  1853.  Her  father,  Gen.  Corvin-Krukowsky, 
was  a  man  of  marked  ability  and  a  member  of  the  old  aristoc- 
racy, being  a  djrect  descendant  of  Mattias  Corvin,  king  of 
Hungary.  Her  mother  belonged  to  the  Schubert  family  of  mathe- 
maticians and  astronomers,  and  was  herself  an  unusually  gifted 
woman.  Sophie's  father  retired  from  active  service  while  she  was 
very  young,  and  took  up  his  abode  at  his  ancestral  castle  at  Pal- 
ibino,  a  lonely  spot  which,  at  certain  seasons,  was  entirely  cut  off 
from  the  outside  world.  She  began  her  studies  under  an  English 
governess.  A  little  anecdote  of  her  childhood  has  found  a  place 
in  several  learned  journals,  but  the  moral  is  slightly  obscure. 
When  she  was  ten  years  old,  the  castle  was  re-papered,  but 
when  the  paper  came  from  St.  Petersburg,  it  was  found  that 
there  was  none  for  the  nursery.  For  this  room  was  used  a  litho- 
graphed course  of  Ostrogradski  on  mathematical  analysis,  a 
survival  of  her  father's  student  days;  and,  to  the  despair  of  her 
governess,  she  was  continually  reading  these  mathematical  dis- 
sertations covered  with  incomprehensible  hieroglyphs.  When,  at 
the  age  of  sixteen,  she  began  to  study  calculus,  her  professor  was 
astonished  at  the  quickness  with  which  she  understood  him, 
*'just  as  if  it  were  a  reminiscence  of  something  you  knew  before,  " 
he  told  her.  The  continual  reading  of  the  wall-paper  had  left 
some  unconscious  traces  on  the  child's  mind. 

From  eight  to  fifteen  years  of  age,  her  tutor  was  Mr.  J.  Male- 
vitsch  a  fine  teacher  who,  under  the  wise  supervision  of  her 
mother,  devoted  himself  with  zeal  and  success  to  her  education, 
and  exerted  a  marked  influence  on  the  rapid  development  of  her 
brilliant  powers.  Her  literary  ability  was  so  marked  that  her 
tutor  predicted  for  her  a  brilliant  future  as  a  writer,  and  he  was 
not  mistaken  in  his  estimate  of  her  powers  in  this  line.  Her  Rem- 
iniscences of  Childhood,  translated  into  Swedish  and  Danish 
under  the  title,  The  Rajewsky  Sisters,  is  spoken  of  in  Nature  as 
•*one  of  the  finest  productions  of  modern  Russian  literature,"  and 
its  publication  was  welcomed  in  Russia,  Sweden,  and  Denmark  as 
an  event  in  literature,  and  it  was  said  a  new  Tolstoi  had  been 
bom  in  Russia. 

•  Read  before  the  Mathematical  Seminarv  of  Johns  llopkins  Universiiv,  Jan. 
6,1892. 


Her  special  interest  in  mathematics  was  awakened  by  her  uncle 
Schubert,  and  she  chos^e  that  specialty  in  her  fourteenth  year. 
She  had  studied  b3'  herself  a  text-book  on  physics,  found  among 
her  father*s  books.  The  author,  a  friend  of  her  father's,  was  once 
Tisiting  him  at  Palibino.  when  Sophie  told  him  she  had  studied 
his  book.  He  laughed  and  said  it  was  impossible,  as  she  did  not 
know  trigonometry.  But  it  appeared  in  course  of  the  conversa- 
tion that  the  girl,  from  the  knowledge  she  then  possessed,  had 
deduced  in  her  own  way  the  fundamental  formuise  of  trigonome- 
try, Astonished  at  so  remarkable  a  proof  of  her  intellect,  the  vis- 
itor urged  her  father  to  have  her  talent  cultivated  in  spite  of  the 
aristocratic  and  conservative  view  of  the  education  suitable  for  a 
lady  of  high  rank.  Her  father  thinking  her  passion  for  the  study 
was  only  a  caprice,  readily  consented,  and  she  was  allowed  to 
study  a  year  at  St.  Petersburg.  But  when,  at  the  age  of  fifteen, 
she  seriously  asked  permission  to  study  in  a  foreign  university. 
there  was  a  terrible  scene  in  the  family*  Her  father  could  not 
have  taken  it  more  to  heart  if  she  had  committed  a  grave  fault. 

In  order  to  understand  what  follows,  it  is  necessary  to  remem- 
ber that  at  that  time  in  Russia  a  girl  who  studied  was  considered 
a  nihilist.  There  was  indeed  a  political  and  patriotic  enthusiasm 
in  the  buniing  desire  for  study  which  had  seized  the  rising  genera- 
tion. It  was  ajwishjto  impel  their  lieloved  country  towards  the 
light  of  Hbert}'.  This  enthusiasm  had  produced  a  curious  phe- 
nomenon,^— marriages  contracted  for  the  purpose  of  freeing  the 
girl  from  her  father*s  authority  and  giving  her  the  chance  to 
study  abroad.  For  this  reason  Sophie  Korvin-Krukowsky,  at 
the  age  of  fifteen,  married  Vladimir  Kowalevski, legally,  but  with 
the  understanding  that  both  should  be  free  to  devote  several 
years'tofstudy.  With  her  husband,  her  sister,  and  a  friend,  she 
went  to  Germany,  and  he  entered  one  university,  while  the  three 
girls  went  to  the  only  German  university  open  to  women, — that 
at  Heidelberg.  The  University  of  Berlin  was  so  tighth^  closed 
that  when,  a  few  years  later,  she  was  a  professor  at  Stockholm, 
and  wished  to  attend  a  course  of  lectures  at  Berlin,  she  was  re* 
fused  permission,  and  finally'  obtained  admittance  only  by  the 
direct  intervention  of  the  Minister  of  Education  as  a  great  per- 
sonal favor.* 

After  a  year  at  Heidelberg  she  went  in  the  autumn  of  1870  to 


•  An  American  girl.  Miss  Ruth  Gentry*  tbc  bolder  of  the  European  fdlowship 
of  the  AwQciatioa  of  Colle>;iate  Alumn».  is,  however,  now  attending  matbemat* 
ical  lecture*  at  the  University  of  Berlin,  where  she  says  she  is  shown  **all  the  cour- 
tesy and  kindly  consideration  "  she  could  wish. 
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Berlin,  and  timidly  asked  Weierstrass  for  private  lessons,  as  she 
could  not  be  admitted  to  his  lectures.  He  thought  at  first  that 
the  girl  would  become  only  a  dilettante  in  science,  and  he  did  not 
wish  to  waste  time  teaching  her.  But  during  the  con  versa  tioil 
he  discovered  in  her  such  wealth  of  ideas,  and  so  remarkable  an 
intuitive  grasp  of  the  more  difficult  questions  of  the  science  that 
it  became  a  pleasure  for  the  great  mathematician  to  instruct  her. 
Four  years  she  spent  as  his  private  pupil,  her  studies  being  inter- 
rupted only  by  a  visit  to  her  family  in  Russia  and  by  some  other 
tri|>s.  Being  unable  to  obtain  a  degree  at  Berlin,  she  took  the 
oral  examinations  at  the  University  of  Gottingen,  presented  a 
remarkably  original  thesis  "  On  the  Theory  of  Partial  Differential 
Equations,"  and  obtained  the  degree  of  Ph.  D.,  being  the  second 
woman  to  receive  this  degree  at  Gottingen. 

Her  husband  received  his  degree  at  the  same  time,  and  was  ap- 
pomted  Professor  of  Paleontology  in  the  University  of  Moscow, 
where  he  soon  attained  a  position  of  distinction  among  the  Pale- 
ontologists of  the  world.  She  was  twenty-one  when  they  re- 
turned to  Russia,  and  established  their  home  in  Moscow.  With 
her  enthusiastic  temperament,  she  devoted  herself  completely  to 
whatever  work  she  undertook.  At  first  her  home  duties  absorbed 
nearly  all  her  time  and  thought.  Then  she  took  up  her  husband's 
specialty  with  such  success  that  for  some  time,  while  he  was 
otherwise  occupied,  she  wrote  his  lectures  for  him.  Then,  being 
in  a  literary'  atmosphere,  her  taste  for  literature  revived,  and  she 
wrote  a  novel  entitled  The  Private  Teacher^  dealing  with  Univer- 
sity life  in  Germany,  and  published  it  anonymously  in  a  Russian 
journal.  Thus  passed  several  years  of  rare  domestic  happiness 
in  their  beautiful  home  in  Moscow. 

Professor  Kowalevski  was  full  of  grand  ideas  and  of  enthusi- 
asm, but  exceedingly  visionary.  He  fell  under  the  influence  of  an 
adventurer,  who  drew  him  into  dangerous  speculations  in  petrol- 
eum wells  and  other  industrial  enterprises.  She  used  all  her  ef- 
forts to  break  the  spell  of  this  false  friend,  but  the  fever  of  specu- 
lation was  too  strong,  and  he  risked  all  his  inheritance  and  his 
wife's  and  lost.  Although  he  had  committed  no  crime,  he  felt  the 
disgrace  so  keenly  that  he  left  his  home  and  position  to  resume 
his  solitary  studies  abroad.  Probably  his  mind  had  become  un- 
balanced by  their  financial  ruin.  Soon  came  the  startling  news 
that  in  a  fit  of  despair  he  had  committed  suicide.  Thus  the  burden 
which  had  proved  too  heavy  for  him  fell  upon  her  alone,  together 
with  this  great  additional  sorrow.  Her  parents  were  dead,  her 
wealth  had  been  thrown  away,  and  as  soon  as  she  recovered 


a  little  from  the  shock  of  the  tragedy  she  found  herself  for  the 
first  time  forced  to  conBider  the  question  of  money.  She  must 
support  herself  and  her  four-year-old  daughter.  In  Russia  the 
b^st  she  could  do  was  to  teach  arithmetic  to  one  of  the  lower 
classes  in  a  girPs  school.  Then  came  in  the  autumn  of  18S3  a 
signal  illustration  of  the  liberal  spirit  and  kindness  which  mathe- 
maticians and  astronomers  almost  invariably  show  to  the 
women  working  in  their  departments.  Mittag-Lefflcr,  who  had 
also  been  a  pupil  of  Weierstrass,  was  at  this  time  organizing  the 
rnivcrsity  of  Stockholm,  and,  although  she  had  puhlislied  no 
mathematical  work  during  the  nine  years  since  she  had  left  Ger- 
many he  invited  her  to  deliver  at  Stockholm  a  course  of  lectures 
on  partial  differential  equations.  Meanwhile  he  succeeded  in  ob- 
taining the  money  necessary  to  establish  anil  sustain  a  chair  of 
higher  mathematics,  created  especially  for  her.  She  lectured  the 
first  year  in  German,  afterwards  in  Swedish.  Her  clear,  inspiring 
teaching,  her  intellectual  ability,  and  her  pei*sonal  popularity  at- 
tracted to  her  classes  many  able  students,  s<mie  of  whom  were 
already  professors.  In  1885  she  was  made  associate  editor  of 
Acta  Matbt^miiticH,  and  later  was  elected  corresponding  meml»er 
of  the  Royal  Academy  of  Science  of  St.  I*ctersburg.  The  French 
Academy  proposed  as  the  subject  of  the  Bordin  prize  in  1888  the 
problem  '*To  complete  in  an  important  point  the  theory  of  the 
motion  of  a  solid  body/*  The  commission  not  only  unanimously 
awarded  her  the  prize,  but  upon  their  recommendation  the 
amount  was  increased  from  3. 000  to  5,000  francs  on  accoimt  ol 
the  **  extraordinary  service  rendered  to  mathematical  physics  by 
this  work.**  She  traveled  in  all  parts  of  Europe,  making  friends 
wherever  she  went,  and  continued  to  fill  her  position  at  Stock- 
holm  until  February  of  last  year.  After  only  four  days'  illness 
she  died  of  pleurisy  Feb.  10,  1891,  at  the  age  of  thirty-seven. 
Her  mathematical  works  consist  of  the  following  papers :  — 

I.  On  the  Theory  of  Partial  Differeutial  equations  (Thesis  for 
Fh,  DO,— published  1875.   JoijrnnI  fur  die  reiue  and  angewandtc 

'Mathematik,  Vol  LXXX,  p.  1  (32  pp.). 

II.  On  the  Reduction  c*'  a  certain  clas<  o(  Abelian  Integrals  of 
the  third  Rank  to  Elliptic  Integrals,— publisheO  1884.  sActa 
Mathematical  VoK  IV,  p.  393  {22  pp j. 

III.  On  the  Propagation  of  Light  ^n  a  Crystalline  Medium, — 
published    1884.    '*  Ofversif^t  af  svenska   veterskapsukadcmicns 

'jrhandlingar.  Vol.  XLI,  p.  119  (3  pp.). 

IV.  Un  the  Propagation  of  Light  in  a  Crystalline  Medium, — 
published  1884.    Comptes  Rendus,  Vol.  XCVIII,  p,  356  (2  pp.). 
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V.  On  the  Refraction  of  Light  in  Crystalline  Media, — ^published 
1885.    Acta  Matbematica,  Vol  VI,  p.  249  (56  pp.). 

VI.  Remarks  and  Observations  on  Laplace's  Researches  on  the 
Form  of  Saturn's  Rings, — published  1885.  Astronomischc  Nach- 
ricbten,  Vol.  CXL,  p.  37  (12  pp.). 

VII.  On  the  Problem  of  the  Rotation  of  a  Solid  Body  about  a 
Fixed  Point,— published  1889.  [R^sum^  of  IX.]  Acta  Matbe- 
matica,  Vol  XII,  p.  177  (56  pp.). 

VIII.  On  a  pro])erty  of  the  system  of  differential  equations 
which  defines  the  rotation  of  a  solid  body  about  a  fixed  point, — 
published  1890.    Acta  Matbematica,  Vol.  XIV,  p.  81  (13  pp.). 

IX.  Memoir  on  a  particular  case  of  the  problem  of  the  rotation 
of  a  heavy  body  about  a  fixed  point,  where  the  integration  is 
effected  by  aid  of  the  hyperelliptic  function  of  the  time, — published 
1898.  Recueil  des  Savants  ctrangers,  Vol.  XXX,  p.  1  (66  pp.). 
[This  is  the  work  crowned  by  the  French  Academy.] 

X.  On  a  theorem  of  Mr.  Bruns.  Acta  Matbematicay  Vol.  XV, 
p.  45  (19  pp.). 

She  wrote  seven  literary  works. 

I.  The  Private  Teacher,  published  anonymously  as  an  appendix 
in  a  Russian  journal. 

II.  Reminiscences  of  Geo.  Eliot.  Rousskaia  Mvsl  (Russian 
Thought) ,  July  1885. 

III.  Vae  Victis.  Novel  published  in  Swedish  in  the  journal  Jul 
Almanack,  1889. 

IV.  Recollections  of  Childhood  (in  Russian),  1890.  Vestnik 
Earopy  (Messenger  of  Europe),  Vol.  7-8, 1890. 

V.  The  Rajevsky  Sisters,  1890.  The  same  as  IV,  but  published 
in  the  form  of  a  novel  in  Swedish  and  in  Danish. 

VI.  The  Family  of  the  Vorontsoffs.  1890.  Novel  in  Swedish 
under  the  pseudonym  of  Tanja  Rajevsky.  It  was  left  complete 
in  manuscript,  and  the  first  chapters  had  been  published  in  the 
Swedish  journal,  Nordisk  Tidskrift, 

VII.  The  Struggle  for  Happiness.  1890.  Under  this  title  two 
dramas  were  written  jointly  by  her  and  Anna  C.  Leffler,  (wife  of 
P.  de  Pezzo,  duke  of  Cajanello,  who  is  professor  of  higher  geom- 
etry in  the  University  of  Naples). 

In  her  thesis  on  partial  differential  equations,  Mme,  Kowalevski 
extended  Weierstrass's  method  of  proving  the  existence  of  an  in- 
tegral of  a  given  S3'Stem  of  ordinary'  differential  equations,  and 
proved  the  exitsence  of  an  integral  of  a  given  partial  differential 
equation.  Also  she  showed  in  general  that  the  original  functions 
can  be  expressed  in  a  series  of  integral  powers  of  the  independent 
variable  convergent  within  a  determinate  circle,  and  discussed 
carefally  the  case  in  which  this  series  becomes  divergent. 


The  Commission  of  the  French  Academy,  before  they  knew  the 
name  of  the  author,  gave  the  following  summary  of  the  memoir 
which  received  the  Bordin  prize:  **This  remarkable  work  con- 
tains the  discovery  of  a  new  case  in  which  we  may  integrate  the 
differential  equations  of  the  motion  of  a  heavy  body  fixed  by  one 
of  its  points.  The  author  is  not  content  with  merely  adding  a 
result  of  the  highest  interest  to  those  which  w-e  have  had  trans- 
mitted by  Euler  and  by  Lagrange.  He  has  made,  from  the  dis- 
covery^ which  we  owe  to  him»  a  profound  study,  in  which  are  em- 
ployed all  the  resources  of  the  modern  theory  of  functions.  The 
properties  of  the  theta-functions  of  two  independent  variables 
permit  of  giving  the  complete  solution  in  the  most  exact  and  ele- 
gant form;  and  we  have  thus  anew  and  remarkable  example  of 
a  mechanical  problem,  in  which  these  ti'anscendental  functions 
occur»  whose  applications  have  been  hitherto  limited  to  pure 
analysis  or  to  geometry,**  The  President  of  the  Academy,  M. 
Janssen,  in  announcing  the  decision  of  the  commission,  said, 
**Our  associates  of  the  section  of  Geometry,  after  examining  the 
memoirs  presented  in  competition,  have  recognized  in  their  work, 
not  only  the  proof  of  a  knowledge  extensive  and  profound,  but 
also  the  mark  of  a  great  inventive  mind." 

In  Kronecker*s  editorial  in  CreJIe  we  find  the  following  general 
estimate  of  Mme.  Kawalevski:  **Slie  united  with  an  extraordina- 
ry talent,  as  well  for  general  mathematical  speculation  as  also 
for  the  technical  knowledge  necessarj'in  special  researches,  tireless 
industry;  and,  in  spite  of  the  most  intense  activity,  in  her  special- 
ty, her  mind  was  always  open  to  other  intellectual  interests,  and 
she  preserved  always  therewith  her  womanliness,  and  gained  and 
held  also  the  sympathy  of  those  who  stood  outside  the  circle  of 
her  special  knowledge.  The  history  of  mathematics  will  have  to 
speak  of  her  as  one  of  the  most  noteworthy  lights  among  the 
class  of  original  investigators  evei-y  where  extremely  rare.  While 
her  memory  will  endure  in  the  entire  mathematical  world 
through  her  published  works  (not  numerous  indeed,  bnt  very  val- 
uable), the  memory  of  her  remarkable  and  charming  personality 
will  live  on  in  the  hearts  of  all  those  who  had  the  pleasure  of 
knowing  her." 

Note. — The  above  paper  is  founded  on  the  following  four  sketcbet,  all  pub- 
liBhcd  in  1H91  :—Annali  di  Matbewatic^,  Milnno,  1891,  VoL  XIX,  No.  3,  pp,  201- 
11,  By  Anna  C.  Lefflcr,  Ducbcss  of  Cajanctlo. — Rendiconti  del  Circolo  Mate- 
ma  tico  di  Palermo,  Vol.  V,  No,  3»  pp.  121-28.  By  Mme,  E.  de  Kerbedi —Jour- 
B&ifur  die  rdne  und  angewandete  Mathematik,  Berlin,  1891.  Vol.  CVIII,  No.  1, 
p.  88.  Editorial  by  Kroneckcr.— .Vafure,  Feb.  19,  1891,  pp.  375-6.  Tbc  follow- 
ing are  promised : — Sketch  with  portrait  in  Acta  Mathcmatica, — Continuation  of 
Reminiscences  of  Childhood^  from  the  date  of  her  marriage.  Edited  by  Anna  C. 
I^effler,  Duchess  of  Cajanello, 
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HISTORICAL  NOTE  RELATING  TO  THE  SEARCH  FOR  THE  PLANET 
NEPTUNE  IN  ENGLAND  IN  1845-6. 


BY  EDWARD  S.  HOLDEN. 


In  1876  I  was  in  England  for  several  months  and  one  of  my 
greatest  privileges  was  the  acquaintance  and  friendship  of  Mr. 
Lassell,  the  celebrated  astronomer,  whom  I  frequently  visited. 
During  one  of  my  visits  to  Ray  Lodge  I  learned  the  following 
circumstances  from  Mrs.  Lassell,  and  they  were  subsequently 
confirmed  and  explained  to  me  by  Mr.  Lassell  himself. 

With  the  innate  delicacy  of  his  character  he  had  taken  every 
precaution  that  they  should  not  become  known  during  the  life- 
time of  Professor  Adams,  and  I  think  he  seldom  or  never  alluded 
to  them.  At  this  time,  when  the  great  mathematician  has  gone 
from  us,  it  seems  to  be  right  that  they  should  be  mentioned  and, 
with  the  permission  of  the  Misses  Lassell,  I  reproduce]  in  what 
follows  the  brief  notes  I  made  at  the  time  of  Mr.  Lassell's  confi- 
dences, as  a  contribution  to  the  history"  of  the  great  discovery  of 
Adams  and  of  Le  Verrier. 

It  is  known  that  in  October,  1845,  Professor  Adams,  then  an 
undergraduate  of  Cambridge,  submitted  to  Sir  George  Airy, 
Astronomer  Royal,  the  results  of  his  computations  on  the  per- 
turbations of  Uranus  and  theelementsof  a  new  planet — Neptune — 
which  would  account  for  the  observed  disturbances  in  the  orbit  of 
the  former.*  The  distinguished  observer,  the  Rev.  W.  R.  Dawes, 
visited  the  Royal  Observatory-  about  this  time,  and  [the  letters 
and  computations  of  Adams  were  shown  to  him  by  Air>'.  It  is 
known  that  the  Astronomer  Royal  had,  very  naturally,  grave 
doubtsastothesuflSciency  of  these  researches;  but  it  appears  that 
Dawes  was  much  impressed  by  the  letters  of  Adams,  and  that  he 
at  once  wrote  to  Lassell  to  beg  him  to  search  for  Neptune^  in  the 
region  designated  by  Adams,  with  his  powerful  two-foot  reflect- 
ing telescope  (which  was  then  mounted  at  Starfield,  near  Liv- 
erpool). 

There  is  no  doubt  whatever  if  such  a  search  had  been  made 
by  such  an  observer  and  with  such  a  telescope,  that  the  planet 
would  have  been  quickly  found  and  recognized  by  its  disc.  We 
have  but  to  remember  that  to  the  same  telescope  and  observer 
we  owe  the  discovery  not  only  of  the  satellite  of  Neptune  but  also 
that  of  the  two  inner  and  faint  satellites  of  Uranus. 

It  chanced  that  the  letter  of  Mr.  Dawes  reached  Liverpool 
when  Mr.  Lassell  was  confined  to  his  sofa  by  a  sprained  ankle, 
•  Sec  Gould  on  the  history  of  the  Discovery  of  Neptune.    Washington,  1850. 


and  that  it  was  laid  on  his  writing  table  near  by  for  subsequent 
attention.  Mr»  Lassell.  also,  was  impressed  with  the  importance 
of  a  search  for  the  predicted  planet  and  had  fully  resolved  to  make 
such  a  search. 

After  his  recovery  he  sought  for  the  letter  of  Mr.  Dawes  which 
gave  the  predicted  place  of  the  planet.  The  letter  could  not  be 
found  as  it,  together  with  some  other  papers,  had  been  removed 
and  destroyed  by  a  too  zealous  maid-servant, 

I  think,  though  I  am  not  sure»  that  renewed  inquiry  was 
made  by  Lassell  of  Dawes  as  to  the  data  in  question.  However 
tliis  may  have  been,  they  were  never  recovered,  and  the  mistaken 
zeal  of  the  maid-servant  had  its  full  effect. 

The  new  planet  was  never  sought  for  by  the  most  powerful 
telescope  and  the  most  skilful  observer  in  England.  The  search 
of  Challis»  at  Cambridge,  was  fruitless,  as  is  well  known-  The 
planet  was  finally  found  by  Galle  and  D'Arrest»  at  Berlin,  on 
September  23»  184-6,  after  the  Berlin  Obsen^atory  had  received 
the  letter  of  Le  Verrier  pointing  out  its  situation. 

This  was  many  months  after  the  letter  of  Dawes  to  Lassell. 

This  incident  of  the  history  of  the  search  for  Nepttwe  is  well 
w^orth\'  of  record » as  it  shows  b\^  what  a  narrow  chance  Professor 
Adams  escaped  the  distinction  of  being  the  sole  discoverer  of 
Neptune. 

It  is  also  worthy  of  remark  how  this  and  other  accidents 
have  helped  to  forward  the  Science  of  Astronomy.  England  had 
no  higher  rewards  and  opportunities  to  offer  than  those  which 
she  has  given  to  Adams.  But  if  Le  Verrier  had  been  deprived  of 
his  share  in  the  discovery  it  is  ver\*  much  to  be  doubted  whether 
we  should  now  possess  that  long  series  of  elegant  and  laborious 
researches  which  he  was  able  to  carrj'out  by  the  facilities  afforded 
him  in  his  situation  as  head  of  the  National  Observatory  of 
France. 

The  whole  relation  of  Professor  Adams  to  this  great  discover^' 
is  again  called  up  by  this  incident  and  the  elevation  of  his  char- 
acter and  the  dignity  of  his  conduct  are  again  brought  to  mind. 

The  delicate  consideration  of  Mr.  Lassell,  who  for  a  long  life- 
time kept  this  secret  in  order  that  no  possible  shade  of  regret 
should  be  inspired  duritig  the  lifetime  ot  Professor  Adams,  is  no 
less  honorable.  It  is  a  pleasure  to  be  able  to  link  in  this  way  the 
name  of  England*s  great  mathematical  astronomer  with  the 
name  of  her  great  observer — worthy  snceessors  of  Newton  and  of 
Herschel  as  thev  were. — Pub.  ofAsir,  Soc.  PaciSc,  No.  21, 

Mt.  Hamilton,  Jan.  30. 1892. 

Note:  By  the  ^rreat  kindness  of  a  friend  in  England  I  am  able  to  reproduce 
here  the  last  picture  taken  of  Professor^  Adams,  which  was  made  in  Cambridge  in 
Stpumbcr,  1891. 


PROFESSOR  JOHN  COUCH  ADAMS 


fio/frr(r.  r.Ji^   '  n  3crr*iti*rT- 


^KtttfPhnrt   >\€f^^^^^^^^^^M 

l|  tt  wnv  Uiifl  on  1 

Ilis  writing  »                                       ^^^^1 

fn.    Mr,La»»cT 

. .. .    ..                                          .^^^^^^^1 

rrcli  for  iHrpTY  1 

^^H 

^^V        tnjcli  A 

I. 

^H 

(^^^^^^^H 

^^^^^H   ;ni 

'^^^ 

^^^H       T 

^^^^K  jilnnet 

was   ttnaily   1«innfi    by  ivalli!                                                    ^^ 

^^^^^^^B 

I-  ...  'M J     1 V,  1  i»      ** 

^^^^^^^B 

^^^ft     Tttift 

waii  many  moattu 

.^H 

^^H     TItit 

mcidimt  of  -H     ^ 

i^^^l 

^^^^^B  wnrttiv 

'  of  record,  .1 

^^^1 

rwrafied  the  i 

10  of  bctfig  the  iK»lr  cliscMiTeiTr^H 

»  worlliy    r^f 

mtinrlc   liow  tHw  and  uth<?r  ntx-tit«^^H 

^^Hlm 

l^^^l 

^^^^H  Vr- 

^i^^^l 

^^^m  i.hc 

^^^H 

very  mach  to  l)c  doubicfi  wheil^H 

71 

^^^^^       III 

bis  situation  hj* 

head  or  the  NAttonat  ilburrvatorr  •»(   j 

^^^^HFmnoe.                                                                                               ^^ 

^J 

^^^^Hj    Tbi:  whole  rdiitjoii  nf  PnriiW^f>r  Adiinifi  to  thb  gfX'at  di2K?ovi^^| 

^^^Hbagnir 

i  fralled  op  by  t' 

and  the  elevation  of  liin  i:lii^H 

■   M 

■ 

^^^^K   Mt  Hamilton,  Jan.  30. 

'.vton  sn^^^l 
1892                                                          ,■ 

i^^^B^^^^^ 

I /jifr  f*y  kfwJties^  **t  i^ntfcMar  E.  S,  Noldcru  Ltck  Observatory. 


Astro-Physics. 


OBSERVATIONS  OP  THE  NEW  STAR  IN  AURIGA,  MADE  AT 
PRINCETON,  N.  J.» 

PROFESSOR  C.  A.  YOUNG  and  TAYLOR  REED. 


On  Saturday,  Feb.  6,  the  spectrum  was  observed  with  the  23- 
inch  telescope  and  a  single-prism  Clark  spectroscope,  without 
cylindrical  lens.  The  sky  clouded,  however,  before  a  set  of  meas- 
ures could  be  made. 

C  was  vivid  ;  D  (?)  distinct.  There  were  two  knots  of  luminos- 
ity between  C  and  D,  and  1  strongly  suspected  another  a  short 
distance  below  C.  Near  b  and  below  it  four  bright  lines  or  bands 
were  easily  made  out,  and  two  more  between  b  and  F.  F  was 
conspicuous,  and  Hr  (near  G)  was  obvious.  There  was  a  faint 
line  about  one-third  of  the  way  from  G  towards  F;  and  I  thought 
I  could  glimpse  h  (H<5).  In  all  thirteen  bright  lines  were  fairh^ 
seen  between  C  and  F  inclusive,  and  two  others  were  suspected 
outside  those  limits. 

Bad  weather  and  other  circumstances  prevented  further  obser- 
vations until  Feb.  12,  when  a  series  of  measurements  was  made 
with  the  9H-inch  telescope  and  the  Clark  spectroscope,  by  means 
of  the  scale  and  occulting  bar.  The  constants  of  the  scale  were 
determined  by  reference  to  the  spectrum  of  the  Moon.  Ten  lines 
were  measured  with  the  results  for  wave-length  which  are  given 
in  the  appended  table. 

On  the  13th,  a  second  set  of  measures  was  made  with  the  23- 
inch,  and  a  single  reflecting  prism  of  Hastings'  design,  on  the 
Brashear  spectroscope.  The  prism  is  moved  by  a  tangent-screw 
which  carries  a  vernier  over  a  graduated  circle,  and  the  measures 
were  made  by  bringing  the  lines  to  the  faintly  illuminated  cross 
wires  of  the  micrometer  and  reading  the  circle,  the  reference 
points  being  obtained  from  the  spectrum  of  the  Moon  as  before. 
The  method  proved  rather  unsatisfactory,  the  graduation  of  the 
circle  not  being  fine  enough  to  correspond  with  the  optical  power 
of  the  apparatus :  the  results  for  the  eight  lines  measured  are 
given  in  the  table. 

Before  the  Hastings'  prism  was  put  in  place,  the  brightest  part 
of  the  star  spectrum  was  examined  with  the  Rowland  grating  of 
20,000  lines  to  the  inch,  in  order  to  determine  whether  the  lines 

*  Commimicated  by  the  author. 


were  true  lines,  or  whether  they  were  bands,  sharply  defined  on 
the  more  refrangible  edge,  and  fading  away  towards  the  red.  An 
impressiun  of  this  sort  had  been  received  from  some  of  the  obser- 
vations with  the  small  spectroscope,  but  it  was  found  to  be  in- 
correct. The  lines  were  diffuse  indeed,  like  C  and  F  from  hydro- 
gen under  some  pressure;  but  the  shading  was  sensibly  sym- 
metrical each  way  from  the  middle  of  the  line.  The  two  lines 
nearest  F  (4922  and  5015)  made  the  impression  of  being  mu/t /- 
pie;  but  they  were  not  bright  enough  to  permit  a  narrowing  of 
the  slit  sufficient  to  settle  the  question. 

On  Feb.  15th»  the  same  instruments  were  used  as  upon  the 
13th,  but  a  different  plan  of  work  was  adopted,  by  limiting  the 
measures  to  a  single  field  of  \Hew,  extending  from  F  to  some  dis- 
tance below;  the  special  purpose  Ijeing  to  determine  whether  or 
not  the  two  principal  nebula  lines  (/50n4  and  4957)  were  present 
in  the  star  spectrum.  The  prism  was  fimil3'  clamped,  and  the 
measures  were  made  wholly  by  the  micrometer^  the  reference 
points  being  derived  from  the  nebula  of  Orion  and  the  Moon. 
The  results  for  the  six  lines  measured  are  given  in  the  table,  and 
may,  I  think,  be  depended  upon  with  an  error  not  to  exceed  one, 
or  possibly  two,  in  the  last  figure.  It  was  intended  to  extend  the 
measures  to  other  parts  of  the  spectrum,  but  clouds  prevented. 

I  regret  extremely  that  the  non-completion  of  the  prism-train 
for  the  Brashear  spectroscope  made  it  impossible  to  attempt 
photographs  of  the  spectrum. 

As  regards  the  identification  of  the  lines,  C,  F  and  H^  are  be- 
yond doubt.  One  would  expect  to  find  D^,  but  the  measures  seem 
to  indicate  a  lower  position  for  the  bright  line  observed,  not  far 
from  the  sodium  lines  themselves.  It  may  be  worth  noting  that 
the  red  line  at  632  and  the  yellow  one  at  559  (according  to  the 
measures)  are  near  the  positions  of  the  two  aurora  lines  at  557.1 
and  030*,  possibh'  within  the  limits  of  error.  The  line  at  449 
raayjjerhaps  be  the  always  present  chromosphere  line  known  as  f, 
(X  4472),  or,  perhaps  more  probably  may  correspond  to  the  three 
lines  at  4490  and  4501 ;  indeed,  it  is  not  unlikely  that  all  four  ot 
the  lines  named  might  be  confounded  into  a  single  diffuse  band  in 
observing  that  faint  part  of  the  sjiectrum  with  (necessarily) 
rather  widely  o|}ened  slit. 

As  regards  the  lines  in  the  green  the  micrometer  readings  seem 
to  be  irreconcilable  with  the  presence  of  the  two  brightest  nebula 
lines.    The  lines  at  5015  and  4957  are  more  probably  identical 

•  Mv  own  observation  of  the  wavc-kiigth  of  this  line  on  Feb.  13th  made  it 
033.5. 
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with  two  rather  remarkable  groups  of  lines  frequently  present  in 
the  chromosphere  spectrum  at  5015-18,  and  4918-23  respec- 
tively. The  line  at  5165  is  almost  coincident  with  b^  (5167),  but 
the  absence  of  the  other  magnesium  lines  makes  the  identity  im- 
probable. The  line  at  5304  is  not  far  from  the  corona  line 
(5316),  but  the  diflference  appears  to  be  quite  beyond  the  possible 
limit  of  error.  The  line  at  5260  was  very  faint  and  its  posi- 
tion is  not  so  well  determined  as  the  other  four  figure  places.  It 
falls  very  near  E. 

On  Feb.  6th  the  star  was  easily  visible  to  the  naked  eye,  and 
was  estimated  as  about  a  quarter  of  a  magnitude  brighter  than 
X  Auriga;  by  the  15th  it  had  fallen  off  very  sensibly,  and  was 
about  a  quarter  of  a  magnitude  fainter  than  x- 

From  six  meridian  circle  observations  of  the  star  in  connection 
with  p  Tauri,  Mr.  Reed  has  found  for  its  mean  place,  Jan.  1 ,  1892, 
«  =  5*'  25™  3\30, ')  =  +  30°  21'  49".2. 

Bright  lines  in  the  Spectrum  of  Nova  Auriga^— a  5^  25"'  3*,30;  ^  3(P  21'  49^\2, 

[1892,a\. 

Date      1          2       3      4  5  6 

Feb.  12  434  (Hr)  449  486(F)  493  501  516 

"  13  486  492  502  515 

••  15  4861  4922  5015  .  5165 

Date                7  8  9  10            11  12 

Feb.                   531  559  588,  D?    faint  656  (C) 

faint  r.30  591  631  656 

5260  5304         

Princeton,  Feb.  -tO,  *92. 


THE  TEMPORARY   STAR   IN   AURIGA.* 
G.  RAYET. 

The  temporary  star  in  Auriga,  the  existence  of  which  was  au- 
nounced  bj'  a  telegram  from  Mr.  Copeland  dated  February  1st, 
and  which  was  discovered  by  an  anonymous  amateur,  has  been 
observed  twice  with  the  instruments  of  the  Bordeaux  Observa- 
tory, on  the  10th  and  11th  of  Februar>\ 

The  position  of  the  new  star  for  1892.0  is:  R.  A.  5"  25'"  3^47, 
P.  D.  59°  38'  9".5. 

The  new  star  is  not  given  in  Argelander's  zones,  and  it  is  there- 
fore probable  that  its  previous  magnitude  was  less  than  the  9th. 

•  Translated  from  Comptes rendus  (Paris),  Feb.  15,  1892. 


On  the  10th  and  11th,  the  star  was  about  5th  tnagnitnde,  com- 
parable with  26  Aurigse;  its  color  was  noted  as  vellow  orange 
or  straw  yellow. 

The  spectrum  of  the  star,  which  I  have  examined  twice  with  a 
spectroscope  having  a  single  prism  of  heavy  flint,  and  mounted 
on  the  14-inch  Bordeaux  equatorial,  consists  of  a  continuous 
spectrum  I  in  which  the  red  and  violet  seem  very  brilliant,  with 
four  bright  lines  or  bands  in  the  green.  M^^  measures  give  the 
following  wave-lengths  for  these  lines: 

First  Ime..,.. 518  ^tfi  near  h;  |irnlmblv  h, 

Sectmtl  line ,.,. „,♦., ».♦.,» •...».•.».»» ».t.rM.. ,501 

Third  litic .„.».493 

Fourth  line ....4-87  near  F;  very  |jrobably  F. 

The  second  and  third  h'nes  are  the  brightest;  they  have,  as  is 
always  the  case,  a  banded  appearance. 

The  spectrum  of  the  new  star  in  Auriga  differs  very  sensibly 
from  that  of  the  new  star  in  Corona  (May.  1866)  observed  b^' 
Huggins,  M.  Wolf  and  myself;  from  that  of  the  star  in  Cygnus 
(November,  1876)  described  by  Vogel,  Cornu,  Copeland  and 
Backhouse;  and,  finally,  trom  that  of  the  star  in  Andromeda 
(August,  1885)  studied  by  Vogel,  Maunder  and  Ferry.  The  light 
of  all  these  stars  showed  bright  lines  in  the  red  and  violet,  par- 
ticularly the  lines  H'^  and  H.i  of  hydrogen;  the  lines  of  the  pres- 
ent star  are  all  lour  comprised  between  b  and  F.  It  must  he  re- 
marked, however,  that  in  the  case  of  the  star  in  Cygnus,  the 
outer  lines  of  hydrogen  disappeared  before  F  and  the  line  501;'/t; 
this,  perhaps,  explains  why  the  H^^  line  is  the  only  one  visible  in 
the  light  of  the  star  in  Auriga. 

P.  S.  A  new  observation,  made  on  the  night  of  February  14-15, 
allows  me  to  add  to  the  four  preceding  lines  the  bright  line  Ha  of 
hydrogen  in  the  red,  and  that  of  sodium. 


I 


THE   MODERN    SPECTROSCOPE. 

IV. 

The  New  Spectroscope  of  the  Hoisted  Observatory.^ 


PROFESSOR  C.  A.  YOUNG- 


Through  the  liberality  of  one  of  the  best  friends  of  Princeton 
College  the  Halsted  Observatory^  has  lately  received  a  powerful 

*  Princeton  College  Bulletin,  Novcmbcfi  18^1. 
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spectroscope,  which  in  several  respects  is  more  perfect  and  com- 
plete than  any  other  before  constructed.  It  has  been  designed  as 
a  sort  of  universal  instrument,  to  cover,  as  nearly  as  possible 
with  a  single  apparatus,  all  the  ground  of  Astronomical  Spec- 
troscopy. It  is  arranged  for  solar  work,  either  in  the  study  of 
Sun-spot  or  chromosphere  spectra,  or  for  the  observation  of  the 
prominences ;  also  for  the  study  of  stellar  spectra  with  high  dis- 
persion in  order  to  follow  up  the  work  of  Vogel  and  others  upon 
the  motion  of  stars  in  the  line  of  sight ;  and  it  has  a  low-disper- 
sion prism  which  makes  it  available  for  observations  upon  the 
spectra  of  comets  or  other  faint  objects.  Moreover,  the  construc- 
tion is  such  that  the  observations  can  be  made  either  visually  or 
photographically. 

Naturally,  the  attempt  to  cover  so  much  ground  with  a  single 
instrument  renders  it  somewhat  complicated ;  but  it  has  not  been 
necessary  to  sacrifice,  nor  even  seriously  to  compromise,  any  one 
object  in  order  to  attain  others. 

The  instrument  has  been' constructed  by  Mr.  Brashear  of  Al- 
legheny, the  same  optician  who  made  the  spectroscope  for  the 
Lick  Observatory;  and  great  credit  is  due  him  and  his  foreman, 
Mr.  Klages,  for  the  great  skill  and  ingenuity  with  which  they 
have  carried  out  the  general  plan,  and  for  the  admirable  accuracy 
and  finish  of  the  workmanship. 

A  stiff  but  light  framework  of  four  steel  tubes  carries  the  spec- 
troscope, and  is  attached  to  the  great  telescope  b^"  two  rings 
which  slip  over  the  seven-inch  brass  tube  that  forms  its  tail- 
piece. This  mode  of  attachment  permits  the  spectroscope  to  be 
rotated  freely  around  the  optical  axis  of  the  great  telescope,  and 
to  be  clamped  firmly  in  any  position.  The  collimator  is  mounted 
centrally  in  this  framework  in  such  a  way  that  it  can  be  ad- 
justed with  respect  to  the  optical  axis,  and  also  can  be  moved 
longitudinally  a  distance  of  about  four  inches  in  order  to  bring 
the  slit-plate  accurately  into  the  focal  plane  for  rays  of  any  color. 
(The  focus  of  the  23-inch  object-glass  for  the  violet  portion  of 
the  spectrum  near  the  lines  H  and  K  is  more  than  three  inches  be- 
yond the  focus  for  the  green  rays). 

The  slit-plate  is  an  elaborate  and  beautiful  piece  of  workman- 
ship; the  jaws  of  the  slit  are  most  carefully  finished,  and  there 
are  arrangements  for  varying  the  opening  from  zero  to  half  an 
inch  in  width,  and  from  zero  to  an  inch  in  length,  as  well  as  for 
moving  it  sideways.  The  plate  carries  a  set  of  colored  screens 
which  can  be  interposed  at  pleasure;  also  (when  needed)  a  '* com- 
parison reflector*'  for  throwing  into  the  slit  the  light  of  an  elec- 


trie  spark,  the  electrodes  between  which  the  spark  is  formed  be- 
ing carried  by  a  holder  attached  to  the  steel  tubes  of  the  support- 
ing frame.  There  is  also  a  *' rotation  prism/*  which  can  be  at- 
tached at  pleasure,  and  enables  the  observ  er  to  make  any  portion 
of  the  Sun's  limb  parallel  to  the  slit  without  having  to  rotate  the 
spectrosco[3e  into  uncomfortable  positions. 

The  collimator  has  an  object-glass  two  and  a  half  inches  in  di* 
ameter,  \vnth  a  focal  length  of  thirty  inches,  and  the  same  is  true 
of  the  view  telescope.  This  is  supported  by  a  pair  of  light  but 
stiff  arms  which  are  firmh'  attached  to  the  steel  tubes,  and  it  is 
held  by  these  arms  in  such  a  position  that  it  receives  centrally  the 
rays  from  the  grating  or  from  the  prism-train  as  the  case  may  be. 
When  the  grating  is  in  use  a  short  pair  of  arms  is  used  which 
holds  the  view-telescope  in  a  rigidly  fixed  position ;  when  the 
grating  is  replaced  b^*  the  train  of  four  prisms  used  in  stellar 
w^ork,  a  second  and  longer  pair  of  supports  is  substituted,  so  ar- 
ranged, as  to  permit  the  necessary  motion  of  the  view-telescoi>e 
over  a  considerable  arc»  but  with  the  means  of  clamping  it  firmly 
in  any  position.  The  necessity  of  making  such  a  change  is  of 
course  objectionable,  l>ut  it  is  unavoidable,  and  Mr,  Brashear 
has  ingeniously  reduced  the  inconvenience  to  a  minimum  with* 
out  sacrificing  the  indispensable  firmness. 

The  collimator  and  view -telescope  are  each  providetl  with  two 
separate  object-glasses »  one  pair  to  be  used  for  all  \nsual  observa- 
tions, the  other  for  photography.  It  was  originally  intended  to 
have  but  one  pair,  witli  the  comi>oncnt  lenses  made  of  the  new 
Jena  glass,  giving  a  practically  perfect  color<orrecti(»n  through 
the  whole  range  of  the  spectrum.  But  Mr.  Brashear,  after  con- 
siderable experience  in  the  matter,  has  reluctantly  come  to  the 
conclusion  that  it  is  not  yet  practicable  to  ccmstruci  such  lenses^ 
or  rather  that  such  lenses  when  constructed  cannot  Ix:  relied  on 
to  keep  their  polish  for  any  great  length  of  time ;  the  glass  soon 
'*  rusts." 

The  tube  of  the  view-telescope  is  made  in  two  sections,  so  that 
the  eye-piece  end  with  its  micrometer  can  be  easily  removed  and 
replaced  with  a  camera  tube  carrying  a  4-  X  5  plate-holder. 

In  focussing  the  s|>ectroscope  the  two  object-glasses  of  the  colli* 
mator  and  view-telescope  are  moved  simultaneously  and  equally 
by  a  very  ingenious  arrangement  which  couples  them  together 
and  still  leaves  the  view- telescope  all  the  necessary  freedom  of 
motion.  It  may  be  stated  here  that  all  the  instrumeut:al  adjust- 
nients  of  every  kind  are  managed  by  milled  heads  easily  accessi- 
ble by  the  observer  without  removing  his  eye  from  the  eye-piece 
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also  that  there  are  graduated  scales  to  each  important  adjust- 
ment, so  that  a  record  can  be  made  of  the  precise  state  of  the  in- 
strument at  any  observation. 

For  solar  work  the  **  dispersion  piece  "  is  a  magnificent  five-inch 
Rowland  grating  of  20,000  lines  to  the  inch  ruled  on  a  speculum 
metal  plane.  The  definition  of  this  grating  is  superb,  and  its 
spectra  are  remarkably  free  from  ''ghosts,"  though  not  abso- 
lutely so.  At  present,  through  the  kindness  of  Mr.  Brashear,  we 
have  also  on  loan  a  second,  smaller  but  very  fine  grating  of  14,- 
400  lines  to  the  inch,  which  can  be  at  any  time  substituted  for 
the  other,  and  used  for  verifications.  The  grating  is  so  mounted 
that  it  can  be  rotated  by  the  observer  in  the  plane  of  dispersion  as 
usual,  and  also  so  that  it  can  be  slightly  adjusted  in  a  plane  at 
right  angles  to  this,  as  is  sometimes  necessary,  and  this,  as  has 
been  said,  without  taking  the  eye  from  the  instrument. 

The  prism  for  comet  work  has  faces  about  3%  inches  by  3,  with 
a  refracting  angle  of  about  25° ;  it  is  silvered  on  the  back,  and 
when  substituted  for  the  grating  furnishes  by  reflection  a  short 
but  brilliant  spectrum,  without  requiring  any  other  change  of 
adjustment  or  arrangement. 

For  observation  of  stellar  spectra  there  is  a  train  of  four  large 
compound  prisms  of  Jena  glass  faced  with  wedges  of  crown 
glass.  The  faces  of  the  prisms  measure  about  two  and  a  half 
inches  by  three,  the  back  of  the  prism  being  fully  four  inches 
long.  The  angles  are  calculated  to  transmit  the  H  and  K  lines 
of  the  spectrum  with  a  minimum  deviation  of  about  165'\  The 
prisms  are  mounted  in  a  metal  box,  and  connected  with  each 
other  in  such  a  way  that  the  adjustment  for  minimum  deviation 
is  easily  made  for  all  four  at  once  by  simply  moving  a  sliding  rod 
at  the  e^-e  end  of  the  view-telescope.  When  this  prism  is  used  the 
grating-box  with  its  appendages  is  removed  and  the  prism-box 
substituted ;  the  view -telescope  also  has  to  be  taken  off  and  re- 
placed with  the  pro|>er  supporting  framework.  The  whole  oper- 
ation can  be  performed  in  less  than  ten  minutes. 

The  optician  has  encountered  considerable  difficulty  in  connec- 
tion with  these  prisms;  one  of  the  four  originally  sent  proved  to 
be  unsatisfactory'  on  account  of  unequal  density-  in  the  glass,  and 
the  prisms  are  now  in  the  maker's  hands  to  have  the  faulty-  one 
replaced.  Nothing,  therefore,  has  yet  been  done  with  the  instru- 
ment used  as  a  prismatic  spectroscope. 

With  the  grating  some  preliminary  work  has  been  done,  both 
in  the  way  of  visual  observations  and  by  photography.  About 
fifty  plates  have  been  exposed,  more  or  less  successfiilh',  and  a 
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considerable  nwmber  of  good  negatives  have  been  obtained, 
mostly  relating  to  the  ultra-violet  portion  of  the  si>ectra  of  the 
chromosphere  and  prominenceSt  with  a  few  spectra  of  Sun-spots. 

The  plates  confirm  entirely  the  results  first  photographically 
reached  by  Hale  of  Chicago  early  last  summer,  and  since  then  by 
Deslandres  in  Paris,  as  to  the  constant  and  brilliant  reversibility 
of  the  H  and  K  lines  in  the  spectra  of  Sun-spots,  and  of  the  chro- 
mosphere and  prominences.  (The  fact  of  this  reversibility  had 
been  known  ever  since  1872  as  the  result  of  the  visual  observa- 
tions made  by  the  writer  at  Sherman,  Wyoming.)  The  photo- 
graphs also  show,  as  do  those  of  Hale  and  Deslandres,  in  the 
spectrum  of  the  solar  chromosphere,  the  remarkable  ultra-violet 
series  of  bright  Hydrogen  lines  which  are  so  conspicuous  and 
characteristic  as  dark  lines  in  the  spectra  of  the  stars  (»f  the  first 
or  Sirian  type,  but  are  hardly  visible  in  the  spectrum  of  the  pho- 
tosphere of  the  Sun,  and  in  the  spectra  of  the  Sun's  stellar  con- 
geners, 

A  partially  successful  attempt  has  also  been  made  to  photo- 
graph the  spectrum  of  a  star  with  a  grating;  in  the  negative  of 
the  speccnim  of  Vega,  made  with  an  exposure  of  half  an  hour,  the 
principal  lines  are  unmistakably  visible;  hut  the  impression  is  ex- 
tremely faint,  and  the  result  is  interesting  only  as  being,  so  far  as 
I  know,  the  first  instance  in  which  any  impression  ai  all  has  been 
obtained  of  a  star^spectrum  by  means  of  a  grating* 

As  a  first  fruit  of  visual  observations  with  the  new  instrument 
may  be  mentioned  the  discovery  that  the  bright  red  line,  which 
often  appears  in  the  active  prominences  at  6679  of  Angstrom's 
scale,  (No.  2  of  the  catalogue  of  chromos]>here  lines),  is  distinctly 
less  refrangible  than  the  Iron  line  of  which  it  has  hitherto  beer 
supposed  to  be  the  reversal.  The  behavior  of  this  line  has  al- 
ways been  n  myster>\  since  there  was  no  obvious  reason  why  it 
should  behave  so  differently  from  the  other  Iron  lines  of  the  spec^ 
trum  near  it.  It  is  now  certain,  however,  that,  whatever  may  he^ 
the  substance  to  which  this  line  is  due,  it  is  not  Iron. 


ON  THE  LIMIT  OF  VISIBILITY  OF  THE  DIFFERENT  RAYS  OF  THE 

SPECTRUM,* 
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In  certain  photometric  experiments  it  became  necessary-  to  find 
the  limit  of  visibility  of  the  diflferent  parts  of  the  spectrum,  and 

•  Proceedings  Rciyitl  Society,  No.  301. 
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also  to  ascertain  what  ratio  this  limit  would  bear  to  some  fixed 
lurainositj.  It  should  be  borne  in  mind  that  this  question  is  to- 
tally different  from  acuteness  of  vision,  which  some  have  con- 
founded with  it.  The  two  are  independent  one  of  the  other,  and 
can  scarcely  be  compared. 

The  instrument  used  in  these  experiments  was  similar  to  that 
described  in  the  note  on  the  examination  of  a  case  of  Tobacco 
Scotoma,  &c.,  but  the  dimensions  were  modified : — A  square  tube, 
3  feet  long,  had  an  aperture  of  2  inches  cut  in  its  side  at  2  feet 
6  inches  from  one  end,  and  covered  over  with  ground  glass. 
Within  the  tube,  and  close  to  the  ground  glass,  was  a  mirror, 
which  reflected  the  light  coming  through  the  ground  glass  on  to 
the  end  of  the  tube,  and  if  the  ground  glass  was  illuminated  by 
any  light  the  reflection  illuminated  a  card  placed  at  the  end  of 
the  tube.  The  illumination  of  the  card  could  be  viewed  through 
a  circular  hole  at  the  other  end  of  the  tube,  in  which  was  fixed  a 
smaller  tube,  fitting  closely  into  the  eye.  If  a  color  patch. from 
the  spectrum  was  thrown  on  to  the  ground  glass,  evidently  the 
card  at  the  end  of  the  tube  would  be  illuminated  by  the  color 
used,  and  its  disappearance  could  be  effected  by  means  of  rotat- 
ing sectors  closing  and  opening  at  will,  placed  in  front  of  the 
patch.  This  simple  piece  of  apparatus  answered  its  purpose 
most  effectively. 

The  first  point  to  ascertain  was  the  ratio  of  illumination  of 
the  card  to  that  of  the  patch  thrown  on  the  ground  glass.  The 
following  arrangement"  was  madCf  to  effect  this;^  The  end  of  the 
tube,  against  which  the  card  was  placed,  was  removed,  and  a 
card  with  a  square  hole,  of  %-inch  side,  was  inserted  instead. 
This  was  covered  on  the  side  away  from  the  tube  with  a  piece 
of  Saxe  paper,  and  when  viewed  from  the  outside,  and  when  il- 
luminated by  the  light  from  the  ground  glass,  showed  as  a 
square  patch  of  light.  Outside  of  this,  and  of  double  the  width, 
but  of  the  same  height,  a  mask  of  black  paper,  with  an  oblong 
aperture,  was  placed  so  that  the  illuminated  square  occupied  one- 
half  of  the  oblong,  and  the  other  half  showed  no  white  paper. 
An  amyl  acetate  laipp  (c».8  of  standard  candle),  placed  at  a  fixed 
distance  from  this  oblong,  and  in  a  line  with  the  axis  of  the  tube, 
illuminated  both  squares;  but  a  rod  placed  in  proper  position 
cast  a  shadow  on  the  translucent  square,  allowing  only  the 
opaque  white  half  to  be  illuminated.  When  the  sectors  above  al- 
luded to  were  placed  in  front  of  the  lamp,  the  two  brightnesses 
could  be  equalized,  and  the  intensities  of  the  light  transmitted 
passing  through  the  paper  estimated. 
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Now  there  is  a  ray  ven-  near  D  in  the  spectrum^  whose  color  is 
very  closely,  if  not  qnite^  identical  with  the  color  of  the  light 
emitted  by  the  burning  aniyl  acetate,  and  for  making  the  meas- 
ures this  ray  was  used.  When  the  measure  had  been  made,  the 
screen,  with  the  square  aperture*  was  placed  in  the  position  of 
the  ground  glass,  and  the  amy!  acetate  lamp  placed  on  the  side 
of  the  screen,  away  from  the  color  patch,  and  the  rod  placed  in 
position  to  cast  the  shadow  necessar\\  The  rotating  sectors 
were  then  placed  between  the  spectrum  and  the  screen,  and  the 
light  reduced  so  that  the  illumination  of  the  translucent  and 
opaque  white  square,  viewed  from  the  side  of  the  lamp,  was 
equalized.  Knowing  the  distance  of  the  lamp  in  the  two  cases, 
and  the  aperture  of  the  sectors,  the  relative  illumination  of  the 
two  surfaces  was  ascertained.  For  convenience,  the  aperture  of 
the  ground  glass  was  limited  bv  means  of  a  diaphragm »  or  by 
placing  a  diaphragm  in  front  of  the  first  prism. 

Two  set5  of  measures  showed  that  if  the  illumination  of  the 
ground  glass  be  represented  by  1,  the  illumination  of  the  card  at 
the  end  of  the  tube  was  -Jh,;  that  is,  any  light  falling  on  the 
ground  glass  was  diminished  to  that  extent. 

The  actual  measures  were  <>Jo  and  .  [  j,  but  we  may  take  -  J,>  a^ 
sufficiently  close  to  the  truth. 

The  color-patch  apparatus  to  which  reference  is  made  is  des* 
cribed  in  the  Bakerian  Lecture,  1886  (Abney  and  Festing,  **  Color 
F^hotometry '*).  The  only  addition  to  it  that  was  made  was  to 
use  an  adjustable  slit  to  move  through  the  spectrum.  There  was 
thus  a  trelilc  means  of  altering  the  intensity  of  the  light,  viz.,  by 
altering  the  aperture  of  the  slit  of  the  collimator,  by  altering 
that  of  the  slit  of  the  slide,  which  was  shifted  at  will  into  dif- 
ferent parts  ot  the  spectrum,  and  by  the  rotating  sectors  placed 
in  front  of  the  spectrum.  Tfie  mcjde  of  proceeding  to  measure 
the  luminosity  at  which  light  disappeared  was  as  follows  : — The 
dullest  part  of  that  portion  of  the  spectrum  which  it  was  desired 
to  extinguish  was  allowed  to  pass  through  the  slit  in  the  spec- 
tnmi,  and  a  patch  was  foiTned  on  the  ground  glass,  which,  it 
may  be  remarked,  had  a  tube  fitted  ove%  it,  to  prevent  any 
chance  of  extraneous  light  reaching  it.  The  card  at  the  end  of 
the  square  box  was  viewed,  and  the  slits  closed  till  all  trace  of 
light  disappeared.  (It  may  be  as  well  to  call  to  mind  what  is 
well  known,  that  faint  light  of  all  colors  appears  as  white).  In 
some  sets  of  experiments  the  sectors  were  set  at  fixed  angles,  and 
rotated  in  front  of  the  patch,  and  the  slit  in  the  s|x*ctrum  moved 
from  a  position  in  which  faint  light  appeared  to  one  in  which  it 
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just  disappeared,  the  position  in  the  spectrum  being  noted  by  the 
scale  at  the  back  of  the  moving  slide  carrying  the  slit.  In  other 
cases  the  slit  was  placed  at  diflFerent  positions  in  the  spectrum, 
and  the  rotating  sectors  closed  till  all  light  had  vanished,  when 
the  aperture  was  noted.  The  first  plan  is  the  more  convenient 
of  the  two,  and  gives  very  accurate  results ;  though  in  some  posi- 
tions of  the  spectrum  the  second  method  must  be  adopted,  since 
the  graphic  curve  formed  from  the  readings  becomes  almost  a 
horizontal  straight  line  at  one  portion  of  the  spectrum.  As  wil 
be  seen  from  the  table,  it  is  quite  evident  that  no  one  aperture  of 
the  slit  of  the  collimator  and  of  that  in  the  slide  would  suffice  to 
give  the  entire  range  of  disappearance  of  the  spectrum,  and  that 
at  least  three  settings-are  necessary.  At  each  change  the  D  light 
falling  on  the  ground  glass  was  measured,  and  the  necessary 
factors  to  make  the  readings  on  one  scale  were  derived  from 
these  measurements. 

Four  sets  of  measures  throughout  the  spectrum  were  made  on 
diffierent  days.    No  one  differed  to  any  appreciable  extent  from 
the  other.    A  mean  of  the  four  has  been  taken  as  representing  the 
truth,  and  the  measures  given  in  the  first  table  are  those  of  that 
which  most  nearly  approaches  this  mean.    It  may  be  stated  that 
very  rarely  did    one  curve  differ   more  than  4  per  cent,  from 
another  at  any  portion  of  the  spectrum.    The  readings  were 
taken  when  the  eye  had  rested  in  darkness  some  time,  and  were 
often  repeated  a  considerable  number  of  times,  the  first  parts 
measured  being  re-measured  last.    That  the  eye  was  equally  sen- 
sitive throughout  the  time  may  be  judged  from  the  fact  that  the 
two  sets  of  readings  scarceh'  ever  differed.    The  process  of  niak- 
ingtlie^^  measures  of  extinction  is  very  fatiguing,  and  probably 
rather  detrimental  to  the  eyesight;   owing  to  the  strain  on  the 
eyes,  one  set  of  readings  is  usually  as  much  as  can  be  properly 
carried  out  on  anv  one  dav,  if  accurate  results  are  to  be  looked 
for. 

It  is  now  three  years  ago  since  I  began  this  research,  and,  after 
trving  various  plans,  I  have  come  to  the  conclusion  that  the 
method  now  described  is  the  most  easy,  as  it  is  the  most  simple. 

There  is  one  point  in  the  method  which  might  be  open  to  criti- 
cism, and  that  is  that  th^  cutting  off"  the  light  by  rotating 
sectors  might  cause  some  error  in  the  results.  This  criticism,  I 
^ay  say,  I  raised  in  my  own  mind  at  its  very  coniniencenicnt, 
a^^d  found  that  it  was  unnecessary.  Polarising  the  light  enter 
^"g  the  slit  of  the  collimator,  and  then  dimming  it  by  means  of  a 
•^icol's  prism   placed  in  front  of  the  color  patch,  ])roved  an  nn- 
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and  the  other  as  jast  described,  gave  identical  results  within  the 
limits  of  the  errors  necessarily  due  to  observation. 

The  method  adopted  gave  the  extinction  of  light  on  the  whole 
retina,  for  not  only  was  the  central  part  used,  but  the  extinction 
was  carried  so  far  that  it  was  complete  for  every  part  of  the  eye. 
As  there  is  a  considerable  absorption  in  the  yellow  spot  this  is 
necessary,  bat  the  absorption  exercised  in  this  part  of  the  eye, 
which  occupies  fix)m  4°  to  6°  angular  aperture,  can  be  faith- 
measured  if  only  the  light  on  a  small  area  be  extinguished  and 
this  part  of  the  retina  be  alone  used.    A  very  simple  wa\'  of  see- 


Table  I. 


K6.1. 


No.  2. 


53-; 

10.6 

52.3 
'33 

51.3 
'59 

50.$ 
'6.3 

Sao 
'73 

'9.3 
26.3 


Co 

45 
45 

3« 
3» 

^5 
a5 

M.5 

M-5 

«5 
«5 

11 
11 


'     Sector 
Sector       aperture 
aperture,    reduced. 


60 
60 

45 
45 

3» 
32 

^5 
25 

32.$ 
22.5 

15 
15 


51' 

8.3 

53" 
12.3 


38 
38 

20 
20 


456 
456 

228 
228 

97 
97 

5' 
5' 


Lnminonity    of    patch    on 
No.  2  =  2.66  that  of  No.  1 .       ; 


No.  3. 


60.8 


180 


59.4 

90 

58.3 

45 

56.9 

22.5 

53.4 

5 

2700 

"350 
675 

337 
75 


D  ttgtat  fukd  to  be  reduced 
to  0.177S9  italnminoslty  to  | 
equal  tbe  Ufht  from  ftn  amyl  ' 
lamp   at    48  cm.   from  the 
Srovnd  glmam.  I 


Laminoaitj   of  patch   No. 
3  s  15  thatof  Nol. 


Scale 
No. 


52.3 
'43 

49.8 
'73 

44.3 
26.3 

43-3 
35-3 

253 
303 

34.3 
38.3 


I     Sector 
Sector       aperture 
ai)crture.    reduced. 


180 
180 

90 
90 

45 
45 

40 
40 

45 
43 

40 
37 


45 
45 

22.5 
22.5 

11.25 
11.25 

10 
10 

11.25 
10.75 

10 
9.2 


Luminoiiity  of  patch  in  No. 
4  =  0.25  that  of  No.  1. 


No.  5. 


61.9 
60.9 
60.2 
59.0 
57.6 
56.5 


180 

6000 

60 

3000 
2000 

30 

'5 
9 

1000 
500 

300 

Luminonity  of  patch  in  No. 
5  =  22.2  times  that  of  No.  1. 

A  meaHure  showed  that  63 
required  double  the  aperture 
of  62  to  be  extinguished. 
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^^H            ing  the  absorption  of  the  yellow  spot  is  to  form  a  feeble  spectrum 

^^H            some  3  inches  long  on  a  ground-glass  screen.    If  the  eve  looks  at 

^^H            the  green,  a  dark  band  extending  to  the  blue  will  be  seen,  but  i( 

^^^m            the  eye  be  turned  towards  the  red  end  or  violet,  the  green  is  seen 

^^^1            outside  the  central  spot  and  the  color  reappears.    I  propose  to 

^^B            return  to  this  in  a  fuller  discussion  of  the  subject 
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The  first  table  shows  the  actual  observations  in  the  sj>ectrum. 
The  second  table  attached  shows  the  extinction  of  light  of  a 
Itiminosity  of  one  amyl  lamp  placed  at  a  foot  from  the  screen.  It 
will  be  seen  that  the  extinction  of  the  red  rays  is  effected  when 
they  are  reduced  to  about  30/100,000  of  this  standard,  whilst 
tiie  rays  near  F  require  a  reduction  of  5  10,000,000,  that  is,  the 
sensitiveness  of  the  eye  is  700  times  greater  for  the  latter  color 
than  the  former,  and  this  has  a  bearing  on  the  extinction  of 
white  light  of  different  qualities. 


It  is  worthy  of  remark  that  the  reduction  of  the  rays  from 
nboat  C  to  the  visible  limit  of  the  red  necessar\'  to  cause  extinc- 
tion from  the  standard  luminosity  is  practically  the  same*  and 
points  to  the  fact  that  this  part  of  the  spectrum  is  probably 
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monochromatic;  if  adtnixttire  of  an}'  other  color  sensation  were 
present,  the  curve  would  rise  or  fall  instead  of  remaining  hori- 
zontal. The  same  appincntly  applies  to  the  violet  end  of  the' 
spectrum,  though,  owing  to  the  small  luminosity,  exact  meas- 
ures of  it  are  less  certain.  The  experiments  show  that  the  rays 
having  the  wavedength  of  about  /  4770  are  the  last  perceived. 
The  shift  in  the  position  of  maximum  resistance  to  about  I  4510, 
as  shown  in  Table  II,  is  due  to  the  fact  that  equal  luminosities  of 
each  color  have  been  considered  as  being  reduced. 

Some  interesting  experiments  were  carried  out  by  placing  slits 
in  different  parts  of  the  spectrum,  and  forming  a  mixture  of 
light  on  the  ground  glass  of  the  apparatus.  An  intense  D  light 
mixed  with  a  faint  light  near  F  formed  a  color  patch,  and  this 
mixed  light  w^as  extinguished  and  found  to  require  9"^  of  aperture 
of  the  sector.  The  L>  light  was  then  shielded  and  the  single  ray 
of  blue-greeu  light  was  extinguished,  when  it  was  found  that  the 
same  aperture  was  required  to  extinguish  this  beam  alone.  Red^H 
and  green  and  various  other  mixtures  were  tried,  all  showing'^H 
that  in  the  extinction  of  light  the  green-blue  light  was  the  last 
visible,  and  was  equivalent  to  extinguishing  th<it  light  alone,  al- 
though it  might  be  mixed  with  very  much  brighter  light  in  the 
ed  or  yellow.  In  the  blue  the  conditions  somewhat  change,  as 
"will  be  seen  in  the  diagram,  but  if  slits  of  equal  ajierture  were 
used  the  same  results  were  obtained. 

The  diagram  shows  that  in  the  spectroscopy  of  feeble  light  the 
rays  in  the  blue  and  green  are  the  first  to  be  perceived,  and  that 
rays  of  far  greater  intensity'  in  the  yellow  and  red  may  exist 
without  exciting  the  sense  of  light.  This  may  account  for  some 
of  the  varied  results  recorded  in  eye  spectroscopic  observations 
sources  of  feeble  luminosity,  in  which  the  yellow  and  red  lines  a 
absent. 

In  extinguishing  white  light,  the  fact  of  the  total  extinction  of 
the  blue-green  light  is  of  importance. 

It  is  not  the  light  at  that  particular  wave4ength  which  disap- 
pears  last,  but  some  one  sensation  which  is  principally  existent 
at  that  point,  but  w*hich  extends  over  a  great  portion  of  the 
spectrum  which  has  to  be  extinguished.  For  instance,  in  ex- 
tinguishing the  light  from  the  reflected  beam  of  the  electric  light 
already  alluded  to,  it  was  found  that  the  light  illuminating  the 
ground  glass  was  720  times  brighter  than  that  reaching  the 
screen.  To  extinguish  0.014  of  the  light  from  an  amyl  lamp  on 
the  ground  glass  the  sector  had  to  be  closed  to  21,  that  is  the 
light  of  one  amyl  lamp  luminosity,  falling  on  the  screen  at  1  foot 
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distance,  had  to  be  redaced  to  ^  X  ^^  X  ^  or  ^^^  of 

the  original  light.  Had  the  luminosity  of.  the  unit  of  luminosity 
been  due  entirely  to  the  color  at  ^  4776,  it  would  have  to  be  re- 
duced to  about  flgo^ooo  ^^  ^^s  luminosity  before  it  became  invisible. 
Thus  the  electric  light  gives  about  half  the  sensation  of  this  light 
that  the  monochromatic  light  of  that  color  and  luminosity 
would  give,  and  hence  we  may  conclude  that  about  half  the 
luminosity  of  the  white  light  is  due  to  this  sensation,  of  course 
distributed  unequally  through  its  spectrum.  This  is  a  very  close 
approach  to  the  area  of  the  green  sensation  curve  of  the  spec- 
trum when  the  luminosity  is  taken  into  account. 

It  would  thus  appear  that  by  studying  the  extinction  curves  it 
may  be  possible  to  approximate  to  the  three  positions  in  the 
spectrum  which  the  colors  giving  the  nearest  approach  to  the 
three  fundamental  sensations  on  the  Young-Helmholtz  theory  oc- 
cupy. 


THE   ASTRONOMICAL    EXHIBIT    AT    THE    WORLD'S    COLUMBIAN 

EXPOSITION. 


The  four  hundredth  anniversary  of  the  discovery  of  America 
by  Columbus  is  to  be  fittingly  celebrated  at  Chicago  in  1893. 
In  buildings  which  themselves  sufficiently  emphasize  the  progress 
of  American  architectural  skill,  the  exhibits  of  the  world  will  be 
so  grouped  as  to  render  evident  to  the  visitor  the  gradual  devel- 
opment and  the  present  condition  of  every  art,  science  and  indus- 
try. Only  those  who  have  recently  visited  the  grounds  of  the 
Exposition,  and  watched  the  dail^^  progress  achieved  by  an  army 
of  nearly  five  thousand  workmen,  can  have  any  adequate  idea  of 
the  exalted  standard  of  excellence  which  the  directors  have  in 
view.  Some  of  the  buildings  are  practically  completed,  and  it  is 
already  possible  to  faintly  picture  the  Venice-like  beauty  which 
the  waters  of  Lake  Michigan  and  the  winding  lagoons  will  lend 
to  the  scene.  But  it  is  not  with  the  evidence  of  material  progress 
that  we  are  now  dealing.  It  is  of  more  interest  to  learn  that  a 
space  nearly  800  feet  long  and  300  feet  wide  has  been  set  apart  in 
the  largest  and  best  situated  building  on  the  grounds  for  the  use 
of  the  Department  of  Liberal  Arts,  and  in  this  space  the  astronom- 
ical exhibit  will  naturally  be  found. 

The  scope  and  nature  of  this  exhibit  will  largely  depend  upon 
the  liberality  with  which  astronomers  and  instrument  makers 


respond  to  the  call  for  a  ftdl  and  complete  display.  Advices  al- 
ready received  from  Warner  &  Swasey,  J.  A.  Brashear  and  Alvan 
Clark  indicate  that  there  will  be  no  lack  of  instruments  of  the 
highest  class.  It  is  hoped  that  there  will  be  at  least  one  refracting 
telescope  of  fully  20  inches  aperture^  and  among  a  niniiber  of 
smaller  refractors  it  is  probable  that  two  will  exceed  an  aperture 
of  12  inches.  Reflectors  will  be  shown  in  all  sizes,  w^hile  the  mere 
fact  that  Brashear  will  exhibit  is  sufficient  guarantee  that  spec- 
troscopes of  all  kinds,  gratings,  prisms,  flat  surfaces,  etc.,  will  not 
be  lacking.  Two  large  domes  have  been  arranged  for,  and  a  com- 
plete working  model  of  the  Lick  Observatory  is  now  being  made. 
As  many  apparatus  makers  are  yet  to  be  heard  from,  the  outlook 
in  this  direction  is  most  encouraging. 

The  great  advances  in  astronomy  and  spectroscopy  which  have 
resulted  from  the  application  of  photography  should  be  fully  illus- 
trated. At  the  Lick  Observatory^  a  large  number  of  transparen- 
cies on  glass,  eight  by  ten  inches  in  size,  are  being  prepared  from 
negatives  of  the  Moon,  Jupiter,  etc.,  and  the  remarkable  suc- 
cess of  the  Henry  Draper  Memorial  will  no  doubt  be  exemplified  by 
a  large  collection  of  photographs  of  the  stars  and  stellar 
spectra  from  the  Harvard  College  Observatory'.  It  is  to  be  hoped 
that  Professor  Rowland  will  send  many  specimens  from  the  ex- 
tensive series  of  photographs  of  solar  and  metallic  sfiectra  on 
which  he  is  now  engaged. 

It  is  also  proposed  to  include  in  the  exhibit  a  collection  of  plio- 
tographs  of  all  telescopes  in  the  United  States  of  six  inches  aper- 
ture and  upwards,  together  with  all  important  spectroscopes  and 
special  instruments  employed  in  astronomical  or  spectroscopic 
investigation.  It  is  desirable  that  the  photographs  be,  so  far  as 
possible,  of  the  uniform  size  of  eight  by  ten  inches.  The^^  may  be 
either  glass  transparencies,  or  unmounted  paper  prints.  The 
latter  will  be  projDerly  mounted  by  those  who  have  charge  of  their 
installation. 

Finally,  a  large  collection  of  American  astronomical  publica- 
tions IS  desired.  These  wnll  include  complete  sets  of  the  publica- 
tions of  observatories  and  societies;  periodicals;  books  and 
papers  on  astronomy  and  spectroscopy,  etc. 

It  will  be  noticed  that  only  American  exhibits  are  here  called 
for*  The  arrangements  of  the  52  foreign  countries  which  have 
officially  announced  their  intention  of  participating  in  the  Ex| 
sition  are  such  that  the  exhibits  Avill  be  grouped  by  natioi 
rather  than  by  subjects.  While  tlus  natural  system  may  pos 
some  disadvantages  as  compared  with  a  rigid  classification  by 
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subjects,  it  will  at  the  same  time  have  the  corresponding  advan- 
tage of  stimulating  national  pride.  If,  as  we  hope,  every  foreign 
country  will  give  as  much  attention  to  an  astronomical  as  to  an 
industrial  exhibit,  the  United  States  will  need  to  look  to  her 
laurels.  An  adequate  representation  of  our  part  in  the  progress 
of  astronomy  would  undoubtedly  substantiate  our  claim  to  an 
important  position  among  the  nations  engaged  in  the  advance- 
men  t  of  research .  ^ 

The  pages  of  Astronomy  and  Astro-Physics  are  open  to  any- 
one who  wishes  to  express  his  ideas  on  the  subject  of  an  astro- 
nomical exhibit,  and  correspondency  and  suggestions,  for  publica- 
tion or  otherwise,  are  requested.  The  editor  of  Astro-Physics  is 
secretary  of  a  committee  on  the  Columbian  Exposition  appointed 
by  the  Astronoxnical  Society  of  the  Pacific,  and  is  authorized  to 
act  in  their  behalf.  Applications  for  space  are  desired  as  soon  as 
possible,  and  should  be  addressed  to  Director-General  George  R. 
Davis,  World's  Columbian  Exposition,  Chicago.  Information  in 
regard  to  the  installation  of  the  astronomical  exhibit  may  be  ob- 
tained from  Dr.  Selim  H.  Peabody,  Chief  of  the  Department  of 
Liberal  Arts.  It  may  be  added  that  the  foregoing  has  been  pub- 
lished with  his  approval. 


A  NEW  PHOTOGRAPHIC  PHOTOMETER  FOR  DETERMINING  STAR 

MAGNITUDES.* 


W.  E.  WILSON. 


I  would  like  to  bring  before  the  notice  of  the  Society  the  design 
of  an  instrument  which  I  think  will  be  of  use  in  stellar  photog- 
raphy, and  especially  in  determining  photographic  magnitude  of 
stars. 

The  instrument  consists  of  a  photographic  plate  and  holder 
(6%  in.  X  1  in.)  moving  in  a  slide  in  the  direction  of  its  greatest 
length.  A  spiral  spring  tends  to  pull  the  holder  to  one  end  of 
the  slide,  and  a  simple  electro-magnetic  escapement  each  time 
the  magnet  is  excited  allows  the  spring  to  advance  the  plate 
and  holder  jV  inch.  The  entire  apparatus  screws  into  the  eye- 
end  of  a  photographic  telescope. 

A  star  whose  magnitude  is  to  be  determined  is  focussed  close 
to  the  end  of  the  photo  plate,  and  an  exposure  of  say  100"  given. 
The  magnet  is  then  excited  for  a  moment  by  the  current  from  a 

*  Monthly  Notices,  Janaaty,  1892. 


contact-maker,  driven  by  a  clock ;  the  plate  moves  forward  sud- 
denly i\  inch^  and  a  second  exposure  is  given »  which  lasts  only 
63*.  Again  the  plate  moves  forward  to  give  a  third  exposure  of 
39**8,  and  the  exposures  are  thus  continued  in  the  above  ratio 
until  they  are  reduced  to  l^  The  telescope  is  then  set  on  a  stand- 
ard star,  such  as  Poluris,  The  holder  is  moved  back  to  its 
original  position,  and  Polaris  is  placed  ^  inch  below  the  first 
exposure  of  star  No.  1.  The  same  series  of  exposures  are  then 
pveu»  and  the  plate  developed.    The  result  will  be  like  this:— 

PoliiHi     -#•••••••••••• 

SUr  Ko*  t  •     •      •      •      •      - 

The  relative  number  of  images  of  the  two  stars  will  give  their 
magnitudes  to  0.5.  The  times  of  exposures  \xi\\  vary  as  the 
number  whose  log.  is  U.2,  but  there  is  no  reason  why  they  should 
not  be  made  to  give  0.1  magnitudes. 

The  contacts  are  made  by  a  wooden  disc,  revolving  uniformly 
bj'  the  driving  clock  of  the  equatorial.  On  its  c*dge  are  brass 
pins,  which  are  placed  so  as  to  pass  under  a  wiper  at  the  correct 
intervals.  The  entire  process  is  automatic  once  the  star  is  set 
in  its  right  place.    Each  plate  will  hold  ten  sets  of  exposures. 

The  instrument  will  also  be  of  use  for  determining  the  actinic 
value  of  the  sk}'  before  taking  a  stellar  photograph.  In  this  case, 
by  taking  a  series  of  Polaris^  and  finding  thus  at  what  exposure 
it  fails  to  record  itself^  the  exposure  necessary  to  record  a  star  of 
another  magnitude  will  be  know^n. 

*\lso,  to  determine  the  value  of  wire  screens  in  front  of  the  O. 
G.,  a  series  can  be  taken  with  and  without  the  screen  and  the 
necessar>'  value  found. 

I  hope  to  exhibit  some  negatives  taken  with  the  instrument 
shortly  before  the  Society-. 

1892  January  3. 


NOTE   ON   THE   SPECTRUM   OF   THE   LARGE  SUN-SPOT   GROUP  OF 

FEBRUARY,  1892.* 


HENKY  CRBW. 


This  group,  during  the  time  the  weather  permitted  it  to  be  seen 
here»  consisted  essentially  of  two  large  umbra?,  surrounded  by  a 
number  of  small  spots.    The  outlines  of  these  two  larger  umbrse 
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are  shown  in  Plate  XII,  jRfg^.  I,  from  which  it  will  be  seen  that, 
when  the  slit  of  the  spectroscope  was  placed  across  them  in  an 
east  and  west  direction,  and  in  the  position  indicated  by  the 
straight  line  in  the  figure,  the  spectrum  presented  the  appearance 
of  three  umbrae,  owing  to  the  cleft  in  the  spot  to  the  right. 

I  examined  this  spot  first  on  the  9th  of  February,  with  especial 
reference  to  some  of  the  lines  assigned  to  coronium  in  Professor 
Rowland's  unpublished  map  of  the  spectra  of  the  elements.  But 
they  appeared  not  to  be  affected  in  the  slightest. 

On  February  10th,  nothing  was  noticed,  during  half  an  hour's 
observation,  that  would  distinguish  the  spectrum  of  this  spot 
from  that  of  what  Langley  has  called  the  "typical  Sun-spot." 

C  was  brilliantly  reversed  in  both  nuclei,  and  showed  a  moder- 
ate amount  of  motion. 

D3  was  bright  in  both  nuclei  and  in  the  penumbrae.  The  lines 
i,,  6j  and  fc^,  were  disturbed  and  reversed  a  good  part  of  the 
time,  etc.  But  on  the  11th,  the  region  between  the  two  umbrae 
presented  the  following  phenomenon  which,  to  the  writer,  at 
least,  is  entirely  new.  I  was  observing  the  spot  in  the  third 
order  of  a  Rowland  14438-line  grating,  attached  to  the  12-inch 
equatorial.  The  slit  was  placed  in  an  east  and  west  direction,  in 
the  position  of  the  straight  line  in  Plate  XII,  Fig,  1,  The  appear- 
ance presented  in  the  neighborhood  of  the  C  line  is  shown  in  Fig, 
2,  which  is  copied  directly  from  my  observing  book.  Following 
the  figure,  I  find  these  notes. 

**C  reversed  in  all  the  penumbrae  and,  at  numerous  points 
along  the  space  between  2  and  3,  very  brilliant.  This  appearance 
remained  practically  unchanged  for  an  hour." 

•*  At  9**  50™,  I  obser^^ed  a  new  dark  line,  very  broad,  extending 
in  a  diagonal  direction  between  adjoining  edges  of  spots  2  and  3. 

Watched  it  for  a  full  half  hour,  thinking  it  might  be  a  part  of  C. 
I  turned  to  F,  to  see  if  that  was  affected  in  a  similar  manner,  but 
could  not  find  any  trace  of  the  new  dark  line  there." 

**  It  appears  the  same  in  the  second,  third  and  fourth  orders 
of  the  grating." 

Plate  XII,  Fig,  2,  gives  a  very  fair  idea  of  the  phenomenon.  The 
line  was  quite  sharp  and  of  nearh'  uniform  width  throughout  its 
length.  The  point,  at  which  the  line  appeared  to  leave  umbra 
Xo.  2,  was  at  X  =  6566.0 ;  from  here  it  ran  across  the  interh'ing 
portion  of  the  photosphere,  and  joined  umbra  No.  1  at  /  = 
6567.5.  These  figures  may  be  out  as  much  as  two  units 
in  the  first  decimal  place;  not  more,  I  should  think,  for  I  had 
Rowland's  map  before  me.    The  difference  of  wave-length  between 


the  two  ends  thus  corresponds  to  a  velocity  of  between  forty  and 
fifty  miles  per  second  :  in  which  direction,  one  cannot  say  without 
knowing  the  place  of  the  line.  On  Rowland's  map  there  are  two, 
possibh'  three,  lines  visible  between  C  and  the  iron  line  at  A  ^ 
^6560.3;  but  there  is  too  much  motion  in  the  new  Hue  to  say 
|whether  it  corresponds  to  either  of  these.  Hasselberghas  a  nitro- 
gen line  at  6566,47, 

This  phenomenon  appears  to  be  just  the  reverse  of  what  ordi- 
narily hapi:»ens  r/z^^the  line,  instead  of  showing  strong  absorption 
in  the  umbr^  and  penumbrae,  is  not  visible  there  at  all;  while  in 
the  regions  between,  the  absorption  is  vei*A^  striking. 

Looking  for  this  appearance  again  in  the  afternoon  of  the  same 
day,  I  found  no  certain  trace  of  it. 
On  the  following  day,  (February  12th),  the  spot  was  re-exam- 
fined;  but  no  relic  of  the  dark  line  was  seen,  though  twenty-nine 
other  lines,  between  C  and  w.  L  5727-9,  were  observed  as  thick- 
ened in  the  spot  spectra. 

Lick  Observatory,  4th  of  March,  1892. 


SPECTROSCOPIC  OBSERVATIONS  OF  THE  GREAT  SUN-SPOT  GROUP 

OF    FEBRUARY.  189a, 


GBORGH  B.   HALE. 


This  spot  group  was  first  seen  <it  the  Kenwood  Observatory-  on 
the  morning  of  Febntary  4,  and  from  that  time  it  was  observed 
as  frequently  as  possible  during  its  entire  transit.  The  observa- 
tions included:  (1)  photographs  of  the  Sun  at  the  focus  of  the 
12*inch  equatorial  for  position  and  form  of  the  group:  (2)  photo* 
graphs  of  the  spot  gi*oup  and  surrounding  facuUe,  made  with  the 
**spectroheliograph**;*  (3)  photographs  of  the  spectra  of  various 
membei's  of  the  group;  (4)  \isual  observations  with  the  helio- 
scope; (5)  visual  observations  with  the  spectroscope.  In  the 
present  paper  we  shall  confine  ourselves  mainly  to  observations 
under  (3)  and  (5). 

On  Feb.  4  an  eruptive  prominence  was  observed  on  the  limb 
where  the  spot  group  had  entered  the  visible  hemisphere,  and  an 
excellent  photograph  of  it  was  made  with  the  spec tro heliograph. 
On  Feb.  9  bright  reversals  were  seeti  in  both  C  and  F  over  the 
largest  umbra.    With  a  wide  sHt  the  form  of  the  reversed  region 


•  Tlie  speclroscojTt  with  slits  mnvcrl  by  «  clepsydra  and  bydrattUc  accunuilai- 
tor,  referred  to  in  my  previous  papers  on  solnr  prominence  photogrnphy. 
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could  be  easily  observed  in  Cf  The  bright  light  of  the  photo- 
sphere was  too  dazzling  to  allow  of  a  slit  wide  enough  to  include 
the  entire  reversed  region,  but  by  moving  the  instrument  about, 
a  sketch  was  easily  made  at  10**  47"  (Chicago  m.  t.).  At  this 
time  there  was  no  evidence  of  motion  in  the  line  of  sight,  and 
when  observed  a  few  minutes  later  the  D  lines  were  not  seen  to  be 
reversed.  No  trace  of  D„  dark  or  bright,  could  be  made  otjt.  A 
great  number  of  lines  in  the  solar  spectrum  were  widened  in  the 
umbrs,  but  in  this  and  the  later  observations  the  press  of  other 
work  did  not  leave  time  to  record  ttem.  Between  11**  10™  and 
11^  28"  ten  photographs  were  made  of  the  spot  spectrum,  the 
slit  crossing  the  largest  nucleus.  The  fourth  order  of  a  14438- 
line  grating  was  employed.  As  is  usual  in  spots,  both  H  and  K 
are  reversed,  but  none  of  the  ultra-violet  hydrogen  lines  appear  in 
the  negative,  if  we  except  hydrogen  e  (near  H),  of  which  there  is 
a  slight  suggestion.  As  I  found  was  usually  the  case  in  photo- 
graphing the  spectra  of  faculse  last  December,  H  and  K  are 
doubly  reversed,  a  dark  line  appearing  in  the  center  of  the  bright 
reversal.  In  the  spot  now  in  question  the  double  reversal  is  most 
easily  seen  in  the  penumbra,  where  the  bright  line  is  widest.  In 
the  center  of  the  spot  the  bright  line  is  much  narrower,  but  in  a 
sharp  negative  the  double  reversal  can  be  seen  very^  close  to  the 
narrowest  part  of  the  line.  There  are  portions  of  the  line,  in 
some  cases  comparatively  wide,  where  no  trace  of  double  rever- 
sal can  be  made  out.  As  I  have  previously  found  to  be  true  in 
prominences,  K  is  stronger  than  H,  and  the  double  reversals  are 
also  more  pronounced  in  the  former  line. 

At  2*'  40'"  p.  M.,  no  particular  change  in  the  spectrum  was  no- 
ticed. The  form  of  the  reversed  region  could  be  seen  even  better 
than  at  the  time  of  the  morning  observation,  and  a  drawing  of 
it  was  made.  On  comparing  this  drawing  with  a  photograph  of 
the  faculae  made  fifteen  minutes  before,  it  is  found  that  the  faculse 
in  the  midst  of  the  spot  group  correspond  so  closely  in  form  with 
the  reversed  region  as  observed  in  the  C  line  that  there  can  be  no 
doubt  as  to  their  identity. 

I  reserve  for  a  future  paper  a  discussion  of  the  question  of  ob- 
serving prominences  projected  on  the  Sun's  disc.  In  the  present 
instance  the  form  shown  in  the  photogra])h  seems  to  be  in  all 
probability'  faculous,  for  the  exposure  was  the  same  that  is  al- 
ways given  for  faculae,  and  this  is  insufficient  for  prominences  of 
ordinary  brightness  on  the  limb.  At  the  same  time  there  is  noth- 
ing to  contradict  the  assumption  that  a  very  brilliant  promi- 
nence was  seen  in  the  C  line,  and  photographed  in  K.    When  1 
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discovered  that  H  and  K  are  reversed  in  the  faculae*,  the  resem- 
blance between  prominences  and  faculte  on  the  disc  was  more 
clearly  brought  out  than  ever,  for  the  reversals  in  both  are  thus 
shown  to  be  the  same.  The  fact  that  the  spectroheHograph  al- 
lows photographs  to  be  made  of  spots,  prominences,  facu!ie,  and 
the  bright  forms  near  spots  (whatever  they  may  be)  as  welb  will 
enable  me,  I  trust,  to  learn  something  more  as  to  the  relations 
existing  between  these  various  phenomena. t 

Clouds  prevented  all  but  the  regular  photographic  work  on 
Feb.  10  and  11.  As  Dr,  Creiv^s  observation  of  a  peculiar  absorp- 
tion line  near  C  was  made  on  the  latter  date  (see  page  308), 
have  examined  the  photographs  then  secured  here.  Exposures 
were  made  at  the  focus  of  the  12-inch  at  10''  10'",  10*'  20">  a.  m,, 
and  2^'  6'",  2''  30'"  p.  M.  None  of  these  show  anything  unusual, 
though  the  spots  are  well  defined  in  all  the  plates.  Allowing  for 
the  difference  in  time  between  Mount  Hamilton  and  Chicago, 
however,  it  is  evident  that  none  of  the  exposures  happened  to  be 
made  very  near  the  time  of  Dr.  Crew's  observation.  Photo- 
graphs of  the  spots  and  faculae  were  obtained  with  the  spectrn- 
hcHograph  at  10^'  55^^  10'»  59"\  11^'  5^",  11''  12'"  and  11''  15"*  A.  M* 
on  the  same  day.  Whether  the  phenomenon  in  question  pro- 
duced any  efi'ect  which  such  photographs  would  have  shown  con- 
not  therefore  be  answered,  as  no  exposures  were  made  at  the 
proper  time, 

On  Feb.  12  the  spot  spectrum  was  examined  at  12^*  m*, 
and  L\  was  once  suspected  jis  a  dark  line.  C  was  considerably 
distorted  in  the  largest  umbra,  but  not  so  much  so  as  in  the  last 
following  member  of  the  spot  group,  where  at  one  point  simulta- 
neous displacements  toward  the  red  and  violet  were  noticed.  Re- 
versals of  C  were  numerous  in  the  grouj),  the  brightest  being  seen 
over  the  largest  umbra.  On  reierring  to  plates  made  at  this  time 
with  the  spectroheliograph,  the  brightest  reversed  region  is  found 
to  be  south  of  the  largest  umbra,  and  the  centrnl  one  of  its  three 
branching  arms  passes  between  the  two  principal  umbrae.  These 
photographs  of  the  six^ctrum  confirm  the  results  obtained  Feb.  9, 
as  to  the  double  reversal  of  H  and  K  in  the  penumbra:^,  and  the 


*  Sec  AsTKoNoMV  AND  AsTHo-[*j J Ysics.  F<'li.  1  H91f «  p,  1  o9  and  MnrcH,  1892* 
Note  on  Progress  to  Solar  PbdtojLrraphv  ul  Kctiwoorl  Obgcrvatnry. 

I  Naturally  the  spcctrolitlio;irQph  tiocs  not  gtvc  sharp  «nfl  well-defined  im- 
nges  of  5pofs,  lor  the  second  slit  cannot  l>e  minlc  snfficicnlly  narrow  in  ptfictitc. 
The  spots  are  also  partly  or  vvhtilly  nivcred  by  the  reversed  regions,  and  it  is 
these  latter  which  the  s|jcctruhelio>*raph  is  specially  designed  to  record.  The 
negatives  j^ive  a  very  fair  idea,  however,  of  the  position  and  gcnerni  forrn  of 
spots,  and  arc  studied  in  connection  with  spot  photographs  taken  by  the  ordin* 
ary  method. 


discovered  that  H  and  K  are  reversed  in  the  facul^*,  the  resem- 
blance between  prominences  and  faculae  on  the  disc  was  more 
clearly  brought  out  than  ever,  for  the  reversals  in  both  are  thus 
shown  to  be  the  same.  Tlie  fact  that  the  spectroheliograph  al- 
lows photographs  to  be  made  of  spots,  prominences,  facula:%  and 
the  bright  forms  near  spots  (whatever  they  may  be)  as  well,  will 
enable  me,  I  trust,  to  leani  something  more  as  to  the  relations 
existing  between  these  various  phenomena*! 

Clouds  prevented  all  but  the  regular  photographic  work  on 
Feb.  10  and  11,  As  Dr.  Cre\v*s  observation  of  a  peculiar  absorjj- 
tion  line  near  C  was  made  on  the  latter  date  (see  page  308),  I 
have  examined  the  photographs  then  secured  here.  Exposures 
were  made  at  the  focus  of  the  12-inch  at  10^'  10"\  10^*  20"*  a.  m., 
ind  2^'  (r''\  2''  30"'  r,  m.  None  of  these  show  anything  unusual, 
iTiough  the  spots  are  well  defined  in  all  the  plates.  Allowing  for 
the  difference  in  time  between  Mount  Hamilton  and  Chicago, 
however,  it  is  evident  that  none  of  the  exposures  happened  to  be 
made  ver>'  near  the  time  of  Dr.  Crew's  observation.  Photo- 
graphs of  the  spots  and  faculae  were  obtained  w^ith  the  spectrn- 
heliograph  at  HJ*'  55'",  10"  59"'.  11''  5"'.  11''  12"'  and  11''  15"'  A.  M. 
on  the  same  day.  Whether  the  phenomenon  in  question  pro- 
duced any  eftect  which  such  photographs  would  have  shown  can- 
not therefore  be  answered,  as  no  exposures  were  made  at  the 
proper  time. 

On  Feb.  12  the  spot  spectrum  w^as  examined  at  12^'  m., 
and  D,  was  once  susi>ectcd  as  a  dark  line.  C  was  consideraljU- 
distorted  in  the  largest  umbra »  but  not  so  much  so  as  in  the  last 
following  nienibcr  of  the  spot  group,  where  at  one  point  simulta- 
neous displacements  toward  the  red  and  violet  were  noticed.  Re- 
versals of  C  were  numerous  in  the  group,  the  brightest  being  seen 
over  the  largest  umbra.  On  referring  to  plates  made  at  this  time 
with  the  spectroheliograph,  the  brightest  reversed  region  is  found 
to  be  south  of  the  largest  umbra,  and  the  central  one  of  its  three 
branching  arms  passes  between  the  two  principal  umbrae.  These 
photographs  of  the  spectrum  confirm  the  results  obtained  Feb.  U, 
as  to  the  double  reversal  of  H  and  K  in  the  penumbra*,  and  the 


•  St-c  ASTKUNUMV  AND  AsTRo  pH Ysics,  F^b.  1892,  p,  159  and  Mfirch,  1892' 
Note  on  Trogrcss  in  Solar  Fhff)tography  at  Kcriv%'t»od  Obstfrvatory. 

t  Naturally  the  spectroheliograph  does  not  give  sharp  and  well-dcfmcd  im- 
ages of  spots,  lor  the  sccnnil  slit  cannot  l'>e  made  snflicicnily  narrow  in  practice. 
The  spots  arc  also  partly  or  wholly  rovercd  by  the  reversed  regions,  and  it  is 
these  latter  which  the  s'pcctrohdiagraph  is  apecially  designed  to  record.  The 
negalivesi  >;ive  a  very  fair  idea,  however,  of  the  fKisition  and  generttl  fonn  of 
spots*  and  arc  studied  in  t*onncction  with  spot  photographs  taken  by  the  ordin- 
nry  method. 


id 


discovered  that  H  and  K  are  reversed  in  the  faculse*,  the  resem- 
blance between  prominences  and  facnlte  on  the  disc  was  more 
clearly  brought  out  than  ever,  for  the  reversals  in  both  are  thtis 
shown  to  be  the  same.  The  fact  that  the  spectrohcliograph  al- 
lows photographs  to  be  made  of  spots,  prominences,  facula?,  and 
the  bright  forms  near  spots  (whatever  they  may  be)  as  well,  will 
enable  me,  I  trust,  to  leani  something  more  as  to  the  relations 
existing  between  these  various  phenomena,!- 

Clouds  prevented  all  but  the  regular  photographic  work  on 
Feb.  10  and  11.  As  Dr  Crew's  observation  of  a  peculiar  absorp- 
tion line  near  C  was  made  on  the  latter  date  (see  page  308),  I 
have  examined  the  photographs  then  secured  here.  Exposures 
were  made  at  the  focus  of  the  12  iuch  at  10^'  10"\  10^»  20"*  a.  m., 
and  2''  6"\  2''  30"*  p,  m.  None  of  these  show  anything  unusual, 
though  the  spots  are  well  defined  in  all  the  plates.  Allowing  for 
the  dtfl'erence  in  time  between  Mount  Hamilton  and  Chicago, 
however*  it  is  evident  that  none  of  the  exposures  happened  to  be 
made  veni^  near  the  time  of  Dr,  Crew's  observation.  Photo- 
graphs  of  the  spots  and  faculae  were  obtained  with  the  spectro- 
hcliograph at  1(V'  o5"\  10^^  59'"»  11"  5"',  11"  12^"  and  11"  15'"  A.  M. 
on  the  same  day.  Whether  the  phenomenon  in  question  pro- 
duced any  effect  which  such  photographs  would  have  shown  can- 
not therefore  be  answered,  as  no  exposures  were  made  at  the 
proper  time. 

On  Feb.  12  the  spot  spectrum  was  examined  at  12'  M., 
and  D,  was  once  suspected  as  a  dark  line,  C  was  considerably 
distorted  in  the  largest  umbra,  but  not  so  much  so  as  in  the  last 
following  memlier  of  the  si>ot  group,  where  at  one  point  simulta- 
neous displacements  toward  the  red  and  violet  were  noticed.  Re- 
versals of  C  were  numerous  in  the  group,  the  brightest  being  st?en 
over  the  largest  umbra.  On  referring  to  plaies  made  at  this  time 
with  the  spectrohcliograph,  the  brightest  reversed  region  is  found 
to  be  south  of  the  largest  umbra,  and  the  central  une  of  its  three 
branching  arms  passes  between  the  two  principal  umbra?,  These 
photographs  of  the  sjxxrtrum  confirm  the  results  obtained  Feb,  9, 
as  to  the  duuble  reversal  of  H  and  K  in  the  penumbrar,  and  the 


•  See  AsTHONOMV  Axa  Astro- Phvsics.  F^b.  1892,  p.  151»  and  M^rrh.  1H1J2* 
Note  on  IVo*»rcss  in  S<ilar  Photo^jraphy  at  Kenwciod  Observatory. 

f  Xaturnily  tlie  spectroheliog^rafih  does  not  give  sharp  and  well-defined  in»- 
aces  of  s/^io(s.  tor  the  second  slit  cannot  be  m.ndc  s^nfficicnily  narr*)W  in  practitt. 
The  spots  are  also  partly  or  wholly  rove  red  by  the  reversed  refjiuns.  and  il  is 
these  bitter  which  the  spectroheho)g[raph  is  spc?ctfilly  designed  to  record.  The 
negatives  give  a  very  fair  idea*  however,  of  the  position  and  getjeral  fonm  ol 
spots,  and  arc  studied  iii  ctinnection  with  spot  photographs  taken  by  the  ortlin- 
ar>*  method. 
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narrowing  of  the  bright  lines  towards  the  center  of  the  umbra. 
As  the  bright  lines  narrow  down  in  the  umbra  to  about  the  width 
of  the  central  dark  line  in  the  penumbra,  it  is  evident  that  double 
reversal  could  hardly  occur  in  the  umbra  without  practically  de- 
stro\'ing  both  lines.  Two  facts  of  importance  should  be  mentioned 
here :  both  point  to  a  diflference  of  some  kind  between  the  condi- 
tion of  the  vapors  from  which  C,  a  hydrogen  line,  and  H  and  K, 
calcium  lines,  are  emitted :  (1)  While  C  was  distorted  iii  the  spot 
region  H  and  K  were  perfectly  straight,  and  gave  not  the  least 
indication  of  motion  in  the  line  of  sight.  Moreover,  I  do  not  recall 
a  single  instance  in  which  the  H  and  K  lines  in  spots  have  shown 
any  distortion,  while  it  is  well  known  that  C  is  almost  always 
twisted  and  bent  under  like  circumstances.  (2)  Double  reversals 
arerareh"  (if  ever)  observed  in  the  C  line,  while  they  are  almost  in- 
variable in  H  and  K  over  spot  penumbrae  and  on  the  disc.  This 
fact  is  perhaps  not  surprising,  but  the  absence  of  motion  of  the 
calcium  in  the  neighborhood  of  spots  is  not  readily  explainable. 

Photographs  of  faculae  were  made  with  the  spectroheliograph 
on  Feb.  13  at  10»»  45"',  10»'  47"»  a.  m.,  and  2^  58'",  2^  49"',  3^  6^, 
4*'  16"^,  p.  M.  Between  10»'  54"'  and  11*»  34'"  a.  m.,  six  photo- 
graphs were  obtained  of  the  spectra  of  various  regions  in  the 
spot  group,  using  the  fourth  order  of  the  grating  as  before.  The 
bright  H  and  K  lines  extend  entirely  across  the  spots,  narrower 
in  the  umbra  than  in  the  penumbra.  In  one  spot  the  bright  lines 
almost  completeh'  disappear  at  the  center  of  the  umbra,  where 
they  narrow  down  to  about  the  width  of  the  central  dark  line  of 
the  double  reversal.  But  the  most  interesting  thing  brought  out 
in  some  of  these  photographs  is  the  probable  presence  of  the  line 
hydrogen  e  (near  H).  In  common  with  Professor  Young,  I  have 
been  j^erplexed  at  the  non-appearance  of  this  line  in  spots,  for  it 
so  constanth'  accompanies  H  in  prominences.  It  appears  as  a 
very  faint  line  in  these  photographs,  following  H  across  spots 
and  on  to  the  surrounding  photosphere.  No  other  ultra-violet 
hydrogen  lines  are  present,  and  as  yet  not  the  least  trace  of  any  of 
them  has  been  detected  in  spots. 

Clouds  prevented  further  work  until  3''  45'"  p.  m.,  when  consid- 
erable distortion  was  noticed  in  the  C  line  of  the  second  order. 
The  figure  in  Plate  XIII  has  been  coi)ied  from  a  note-book  sketch 
made  at  this  time.*  No  great  degree  of  accuracy  can  be  claimed 
for  this  sketch,  as  the  amount  of  displacement  is  onW  estimated, 
but  it  may  serve  for  comparison  with  Dr.   Crew's  drawing  in 

The  scale  of  the  figure  is  about  that  of  Rowland's  map. 


Plate  XIL  The  position  of  the  narrow  slit  was  such  that  it  lay 
across  the  smaller  of  the  two  large  umbrae;  if  the  larger  were 
shown  on  the  plate  it  would  appear  about  half  way  between 
the  two  lines  to  the  right  at  /  6569.4  and  a  6575.1,  and  the  same 
distance  below  the  horizontal  absorption  band,  supposing  the  C 
line  to  represent  the  slit.  As  in  Dr.  Crew's  observation,  the  dis- 
torted absorption  line  was  outside  of  the  umbra.  It  lasted  only 
a  few  minutes,  and  I  did  not  have  sufficient  time  to  examine  it  as 
1  might  have  wished.  C  was  reversed  in  the  umbra  as  shown, 
and  also  in  other  points  not  given  in  the  sketch.  In  the  larger 
umbra  a  reversal  of  C  was  distorted  toward  the  violet. 

It  would  seem  that  the  absorption  line  noted  b3'  Dr.  Crew  may 
be  due  to  a  motion  of  recession  of  the  whole  mass  of  absorbing 
hydrogen,  the  velocity  increasing  from  one  end  to  the  other.  It  is 
strange,  however,  that  F  did  not  show  similar  evidence  of  mo- 
tion. 

The  last  spectroscopic  observations  of  the  spot  group  were 
made  here  on  Feb.  15.  C  indicated  some  motion,  and  was  re- 
versed in  many  places.  With  a  ^vide  slit  the  reversed  region  could 
be  fairh^  well  seen.  At  a  point  where  a  radius  through  the  group 
met  the  limb  a  prominence  of  some  size  was  noticed,  but  no  re* 
versal  could  be  traced  from  it  to  the  spots.  Clouds  unfortunately 
prevented  observ*ations  of  the  passage  around  the  western  limb. 

Kenwood  Astro-Physical  Observatory, 
Chicago.  March  14,  1892. 


NEW  RESEARCHES  ON  THE  SOLAR  ATMOSPHERE. 


n    DHSLANDRES. 


In  a  former  note  {Comptes  rendus,  August,  1891 ;  also  Astko.n- 
OMV  AND  Astro-Physics,  January,  1892),  I  have  described  my 
investigatious  made  by  means  of  photography  on  the  radiation 
of  the  solar  atmosphere  in  a  hitherto  unexplored  region,  compris- 
ing the  blue,  violet  and  ultra-violet  to  /  380.  I  have  continued 
this  study  in  the  neighboring  region  of  the  invisible  ultra-violet 
as  far  as  /  350. 

-4pparatiis,— But,  in  this  new  region,  the  radiations  are  strongly 
absorbed  by  ordinary  optical  glass,  and  it  has  been  necessary'  to 
change  the  original  apparatus^    For  the  projection  of  the  solar 

*  Comniutiicatefl  liv  the  author.    (Prcscntid  to  ihc  Academic  dcs  Sciences 
February  H,  IH\}2}. 
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image  I  have  employed  the  Foucault  siderostat  and  an  8-inch 
silvered  concave  mirror.  The  prism  spectroscope  has  also  been 
replaced  by  a  spectroscope  with  a  Rowland  grating  and  quartz 
lenses. 

*eso/ts.— Each  photograph  gives  the  spectrum  of  the  Sun's 
limb  from  1 410  to  ^  350,  and  shows  all  the  chromosphere  lines  in 
this  extended  region,  the  arrangement  adopted  assuring  the  si- 
multaneous focusing  of  all  the  rays  on  the  slit.* 

In  several  prominences  in  the  second  quarter  of  1891  I  red-is- 
covered  the  series  of  ultra-violet  hydrogen  lines  observed  for  the 
first  time  by  Mr.  Huggins  in  the  white  stars.  I  have  obtained  as 
many  as  eight  successive  bright  lines,t  all  narrow  and  sharp,t 
and  the  last  two  of  the  series  could  undoubtedly  be  obtained  at  a 
high  mountain  station.  Thus  the  Sun^  which  is  a  yellow  star» 
exhibits  in  certain  parts  of  its  atmosphere  the  characteristic  ra- 
diation of  the  white  stars.  This  result  is  important,  for  it  con- 
firms our  present  ideas  on  the  evolution  of  the  stars. 

I  have  also  obtained  the  line  slightly  less  refrangible  than  «, 
(a  388)  of  hydrogen,  which  was  first  discovered  by  Mr.  Hale,  and 
recently  contested  by  Professor  Young.  But  this  line,  always 
fainter  than  or  at  most  equal  to  the  line  Ha^,  is  not  often  present. 
The  only  permanent  lines  which  I  have  observed  in  this  region  are 
those  of  hydrogen. 

With  this  apparatus,  which  is  of  greater  dispersive  power  than 
the  former  one,  I  have  also  photographed  the  spectra  of  spots 
and  faculse.  The  H  and  K  lines  of  calcium  often  appear  bright, 
and  the\'  are  always  longer  and  more  intense  than  the  lines  of 
h\'drogen;§  moreover,  the  great  width  of  the  dark  bands  which 
form  their  background  is  particularly  favorable  for  the  study  of 
displacements  and  radial  velocities.  These  photographs  are  thus 
suited,  in  a  certain  measure,  to  the  regular  study  of  the  move- 
ments of  the  solar  atmosphere  in  the  part  which  is  projected  on 
the  disc.  The  photographic  spectroscoj^e,  movable  around  an 
axis,  as  described  in  the  preceding  note,  will  allow  the  forms  and 
velocities  of  the  incandescent  masses  at  the  surface  of  the  Sun  to 
be  registered,  not  only  in  the  annular  region  which  surrounds  the 
disc,  but  in  the  entire  hemisphere  turned  toward  the  Earth. 


•  These  pbotojBH'aphs  have  been  obtained  with  the  aid  of  my  assistant,  M . 
Mittau. 

^  Mr.  Hale  has  already  announced  that  he  has  found  five  of  these  lines;  Pro- 
fessor Young  has  obtaineri  four. 

t  -\s  is  well-known,  these  ultra-violet  hydrogen  lines  are  missing  in  the  spec- 
trum of  the  disc,  or  appear  very  much  widened. 

>  These  bright  lines  often  have  also  a  reversal  in  the  center. 


THE  SUN-SPOTS,  THE  MAGNETIC  STORM.  AND  THE  AURORA/ 


The  abnormal  condition  of  the  Sun  during  the  period  1892, 
Feb.  5-17,  owing  to  the  presence  of  a  large  group  of  Sun-spots, 
attracted  the  attention  of  all  solar  observ^ers.  With  such  tremen- 
dous disturbances  in  progress  in  the  solar  photosphere^  some  dis- 
turbance of  the  magnetic  condition  of  the  Earth  was  to  be  ex- 
pected, and  the  magnetic  storm  of  Feb.  13-14  was  characterized 
by  an  intensity  quite  in  keeping  with  the  solar  disturbance  with 
which  it  was  connected.  The  magnetic  storm,  which  seriousl_v 
disturbed  the  telegraph  and  telephone  services  throughout  the 
world,  was  attended  by  one  of  the  most  brilliant  auroral  dis- 
plays of  recent  3^cars. 

The  group  of  Sun-spots  to  which  these  terrestrial  disturbances 
are  directly  attributed  appeared  on  the  east  limb  of  the  Sun  on 
1892,  Feb.  5,  reached  the  central  meridian  on  Feb.  11,  and  passed 
round   the  west  limb  on  Feb.  17. 

The  total  spotted  area,  measured  on  the  photographs  taken  at 
Greenwich  on  Feb.  IH,  when  the  group  reached  its  maximum, 
was  no  less  than  )ii,j  of  the  Sun's  visible  hemisphere.  At  Green- 
wich the  area  of  spots  is  measured  in  milliouths  of  the  Sun's 
visible  hemisphere,  and  this  extensive  group  had  an  area  of  2850 
milliunths,  corresponding  to  3360  millions  of  square  miles.  The 
center  of  the  group  was  then  at  260°  long.,  and  in  latitude —  23'-, 

The  group  was  a  broad  band  extending  over  22  of  longitude 
in  length  and  10^  of  latitude  in  width,  corresponding  roughly 
to  a  greatest  length  of  150,000  miles  and  a  width  of  75,000  miles. 

The  large  central  spot  of  the  group  was  15^  in  length  in  longi- 
tude and  8^  in  width  in  latitude.  The  spot^group  is  the  largest 
ever  photographed  at  Greenwich,  and  is  the  largest  whidi  has 
appeared  on  the  Sun  since  1873.  The  large  group  of  1882, 
Nov.  18,  was  2425  millionths  of  the  Sun's  visible  hemisphere  in 
area. 

At  Kew  the  magnetic  disturbance  commenced  at  about  5:45  a. 
M.,  on  F"eb.  13,  the  easterly  declination  slighth'  increasing  until 
aboitt  5:40  p.  M.,  while  both  horizontal  and  vertical  forces  in- 
creased in  intensity,  es|XH:ially  between  4  and  6  P.  M.  They  di- 
minished after  10  p.  M.,  but  the  changes  became  ver>'  rapid  from 
12  o'clock  midnight  to  2  A.  M.  (Feb.  14),  the  declination  proceed* 
ing  to  its  extreme  westerly  position.  The  disturbance  gradually 
diminished  and  died  out  about  4  p.  m.  Fel>.  14,    So  rapid  were 
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the  changes  of  force,  and  so  great  the  extent  of  the  vibrations  of 
the  free  needles  (over  2°  in  declination),  that  the  Kew  magnetome- 
ters could  not  record  them. 

At  Potsdam  the  disturbance  commenced  on  Feb.  13,  about  6:30 
p.  M.  (Berlin  mean  time),  and  enormous  fluctuations  of  the 
needle  were  noticed.  Changes  of  2°  in  2  minutes  of  time  are  re- 
corded, and  vibrations  of  over  3°  were  observed. 

The  records  of  the  Greenwich  magnetic  instruments  are  fully 
dealt  with  in  the  notes  of  Mr.  Ellis,  published  in  this  number. 

The  aurora  of  1892,  Feb.  14,  was  observed  at  Greenwich  at 
0**  35"  to  0^  45"*  as  a  brilliant  patch  of  crimson  light  extending 
from  the  N.  N.  W.  to  N.,  with  streamers  of  a  whitish  color  rising 
to  an  altitude  of  50°  or  more,  and  converging  to  the  right.  Be- 
tween 0**  45*"  and  0**  50*"  the  crimson  glow  became  more  intense, 
afterwards  dying  away  until  at  0**  55'"  it  disappeared,  the 
streamers  being  visible  to  the  last,  but  fluctuating  in  brightness. 
Light  clouds  formed  to  the  North  at  0''  55"',  and  at  1**  15'"  the  sky 
was  completely  overcast. 

At  Ealing  the  aurora  was  first  noticed  at  0**  30°*  as  a  faint 
crimson  light  in  the  N.  N.  W.,  which  rapidly  increased  in  intensity. 
Streamers  of  a  yellowish-white  color  were  estimated  to  extend  to 
an  altitude  of  60°,  converging  towards  the  north.  Clouds  imme- 
diately commenced  to  form  to  the  N.  N.  W.,  and  the  contrast  be- 
tween the  brilliant  white  clouds  in  the  moonlight,  the  bright 
crimson  sky,  and  the  slightly  yellowish  streamers  was  very 
striking. 

Attempts  were  made  to  observe  the  spectrum  of  the  aurora 
with  the  star-spectroscopes  used  for  the  5-foot  reflector,  but,  ex- 
cept a  faint  brightening  in  the  green,  no  details  could  be  made 
out,  owing  to  the  bright  moonlight. 

The  crimson  glow  at  0:50  a.  m.  extended  round  from  N.  W.  N. 
to  N.  N.  E.,  and  a  faint  streamer  arose  from  N.  N.  E.  towards  the 
north  to  an  altitude  of  about  40°.  The  brightness  of  the  stream- 
ers varied  considerably,  but  they  were  visible  until  the  sky  was 
completely  overcast  at  1:10  a.  m.  The  crimson  glow  was  fainter 
after  1  a.  m.,  but  was  visible  through  breaks  until  the  clouds  cov- 
ered the  skv. 


MAGNETIC    PERTURBATIONS   OF  FEBRUARY  13  AND  14.  1892,* 


M,    MOUREAUX. 


An  extraordinary  mag^ietic  perturbation,  such  as  we  have  not 
observed  for  ten  years,  and  even  surpassing  that  of  November, 
1882,  in  intensity,  was  registered  on  the  magnetograph  of  the 
Saint-Maur  Observ^atory  on  Februarj^  13  and  14,  It  suddenly 
commenced  on  the  13th,  about  5'' 42"' a.  M,,by  a  simultaneous  rise 
in  thedechnation  and  horizontal  component,  and  a  corresponding 
fall  in  the  vertical  component.  The  oscillations  of  the  first  two 
elements  were  rapid,  and  of  considerable  amplitude  all  day  on 
the  13th;  after  noon,  the  vertical  component  increased  progres- 
siveh%  and  passed  a  considerable  maximum  between  4^  and  6'' 
p.  M,  At  this  same  moment  the  declination  reached  a  minimum, 
while  the  horizontal  component  exhibited  nothing  particularly 
remarkable. 

The  most  important  phase  of  the  perturbation  occurred  be- 
tween 11^*  p.  M.  and  2''  a,  m.  The  absolute  maximum  of  declina- 
tion was  reached  between  midnight  and  1*^  while  the  two  com- 
ponents passed  an  exceptional  minimum  :  the  vertical  component 
about  1**,  and  the  horizontal  component  between  1^  and  2^*  a.  m. 
The  deflections  were  so  great  that  the  three  images  went  out  of 
the  field,  a  circumstance  which  prevents  the  accurate  determina- 
tion of  the  extreme  values*  as  well  as  the  exact  time  when  these 
values  were  attained. 

After  3^  a.  m,,  the  oscillations^  though  still  marked,  were  of 
somewhat  smaller  extent,  and  after  6^  30'"  the  three  magnets 
were  affected  by  vibratory  movements  until  9*\  at  which  time  the 
sheet  of  sensitive  paper  had  to  be  renewed.  The  perturbation 
ceased  at  about  5^'  p.  m.  on  the  14th.  The  total  deflection  for 
declination  was  more  than  1^  25';  the  horizontal  and  vertical 
components  varied  more  than  ^  and  ^\  of  their  normal  values 
respectively. 

According  to  the  curves  of  the  recording  instruments  at  Per- 
pignan,  Lyons  and  Nantes,  communicated  by  Dr.  Fines,  M.  An- 
dre and  M.  Laroque,  the  phenomenon  commenced  at  the  same 
instant,  and  the  variations  were  so  faithfully  reproduced  at  the 
four  stations  that,  with  the  exception  of  a  few  changes  of  inten- 
sity in  certain  details,  the  tracings  of  the  four  instruments  agree 
exactly,  like  copies  of  a  single  drawing. 

This  perturbation  is  sharply  distinguished  from  all  others  ob- 
•  Translated  from  Comptts  rendus  (Paris),  Feb.  15, 1892. 
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served  here  by  the  excessive  variations  in  the  vertical  component. 
A  very  important  group  of  Sun-spots,  which  first  appeared  on 
February  5,  and  which  could  be  seen  on  the  12th  with  the  naked 
eye,  was  passing  near  the  center  of  the  Sun's  apparent  disc  on 
this  same  day.  A  very  brilliant  aurora  borealis  was  seen  at  New 
York  on  the  night  of  February  13-14. 


THE  REDUCTION  OP  SPECTROSCOPIC  OBSERVATIONS    OP   MOTIONS 
IN  THE  LINE  OP  SIGHT.* 


W.  W.  CAMPBBLL. 


The  reduction  of  spectroscopic  observations  of  motions  in  the 
line  of  sight  is  made  exceedingly  simple  by  the  use  of  suitable  ta- 
bles. I  herewith  publish  my  tables  with  an  explanation  of  their 
construction  and  use,  in  the  hope  that  other  observers  will  find 
them  convenient.  The  results  are  expressed  in  English  miles  per 
mean  solar  second.  They  are  convertible  into  German  geographi- 
cal miles  by  dividing  them  by  4.6038 ;  or  into  kilometres  by  multi- 
plying them  by  1.6093.  The  remarkable  accuracy  of  recent  spec- 
troscopic observations  requires  that  the  corrections  be  applied  to 
the  nearest  tenth  of  a  mile  per  second.  The  still  greater  accuracy 
which  may  reasonably  be  expected  in  the  future  will  require  that 
they  be  applied  to  the  hundredth  of  a  mile  per  second,  and  such  is 
the  limit  of  precision  adopted  in  these  tables.  While  the  values  of 
the  variable  quantities  (e  and  //  only)  have  l^een  taken  for  the 
epoch  1895,  yet  they  vary  so  slowly  that  the  errors  do  not 
amount  to  0.01  miles  per  second  for  nearly  thirty  years. 

According  to  Doppler's  principle,  the  motion  of  a  star  in  the 
direction  of  the  observer,  or  from  the  observer,  is  indicated  by  a 
displacement  of  the  lines  in  its  spectrum  from  their  normal  posi- 
tions ;  toward  the  red  end  if  the  star  is  receding  from  him,  and 
toward  the  violet  end  if  it  is  approaching  him.  The  observation, 
whether  visual  or  photographic,  consists  in  the  measurement  of 
this  displacement,  which  is  generall3''  expressed  in  terms  of  the 
unit  of  wave-length  in  Angstrom's  scale.  This  unit  is  the  tenth- 
metre,  and  denotes  a  change  of  one  ten-millionth  of  a  millimetre 
in  the  wave-length.  A  table  giving  the  velocities  of  the  star  cor- 
responding to  a  displacement  of  one  tenth-metre  in  the  different 
parts  of  the  spectrum  will  enable  us  to  obtain  quickl3'  the  velocity 
corresponding  to  any  observed  displacement. 

*  Commnnicatcd  by  the  author. 


Let  ^  be  the  wave-length,  expressed  in  tenth-metres  of  the  line 
whose  displacement  is  measured ;  W  the  velocity-  of  a  star  in  Eng- 
lish miles  per  second  corresponding  to  a  displacement  of  one 
tenth-metre;  Vg  the  velocity  corresponding  to  any  measured  dis- 
placement J^. ;  and  let  the  velocity  of  light  l>e  assimied  as  lS(i,330 
miles  per  second.    Then 


-,  _       186,330 
V ,  —  — — 1— — 


1  ' 


and  n  =  V^  .JA.  i'J) 

J^  and  therefore  r,  are  considered  positive  when  the  wave-length 
is  increased,  and  denote  a  recession  o(  the  star;  they  are  con  sid. 
ered  negative  when  the  wave-length  is  decreased,  and  denote  an 
approach  of  the  star.  Table  1  is  constructed  ft'om  equation  (1), 
and  gives  the  values  of  V^  for  the  priucipal  Fraun holer  and  other 
lines,  and  for  each  hundred  units  of  wave-length  in  the  photo- 
graphic part  of  the  spectrum. 

The  observed  velocit3'  is  due  both  to  the  motion  of  the  star  and 
of  the  observer.  The  latter  is  made  up  of  four  components,  all  of 
which  must  be  eliminated  from  the  observation  before  the  compo- 
nent of  the  starts  velocity,  with  reference  to  the  sidereal  system, 
can  be  determined.    The  four  components  arise  from 

1,  The  rotation  of  the  Earth  on  its  axis.    The  elements  m  this 
diurnal  component  are  well  known,  and  it  can  be  eliminated  com-^ 
pletely  from  the  observed  results. 

2,  The  revolution  of  the  Earth  around  the  common  center  of 
gravity  of  the  l^arth  and  Moon.  This  monthly  ctnnponent  is 
small  and  readih'  allowed  for. 

3,  The  revolution  of  the  Earth  around  the  Sun.  The  form  of 
the  Earth's  orbit  is  well  known,  but  there  is  at  present  an  uncer- 
tainty  of  from  one-half  to  three-fourths  of  one  per  cent  in  the  as- 
sumed value  of  the  solar  parallax,  or  in  the  absolute  value  of  the 
semi-major  axis  of  the  Earth's  ellipse;  which  introduces  a  corre- 
sponding uncertainty  in  the  Earth's  orbital  velocity  of  from  0.09 
to  0.14 miles  i>cr  second.  By  assuming  the  Earth*s  mean  distance 
from  the  Sun  to  be  92,500,000  miles,  which  corresponds  to  a 
solar  parallax  of  8". 838,  it  is  probable  that  the  resulting  orbital 
velocities  will  not  be  in  error  by  more  than  OA  miles  per  second. 
There  is  reason  to  hope  that  the  probable  errors  of  spectroscopic 
observations  w411  soon  reach  this  low  limit,  in  wliich  case  the 
problem  will  be  reversed  and  the  spectroscope  will  be  used  to 
measure  the  Earth's  orbital  motion  and  thus  to  determine  the 
solar  parallax. 
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4.  The  motion  of  the  solar  system  as  a  whole.  At  present  we 
have  not  sufficient  data  for  estimating  its  direction  and  velocity, 
and  this  component  can  not  now  be  eliminated  from  the  observed 
velocities  of  the  stars.  Several  astronomers  are  engaged  in  meas- 
uring the  velocities  of  the  brighter  stars.  When  the  velocities  of 
several  hundred  stars  distributed  fairly  uniformly  over  the  celes- 
tial sphere  have  been  well  determined,  we  shall  be  able  to  obtain 
a  fairly  accurate  knowledge  of  the  motion  of  the  solar  system. 
The  corrections  for  the  solar  motion  can  then  be  applied  to  the 
observations  of  the  individual  stars,  and  we  shall  be  able  to  ob- 
tain their  velocities  in  the  line  of  sight  with  reference  to  our  side- 
real system. 

When  the  corrections  for  the  first  three  motions  are  applied  the 
observations  are  said  to  be  reduced  to  the  Sun. 
Let  e  =  the  eccentricity  of  the  Earth's  orbit, 
=  0.016752  for  1895, 
a  =-  the  semi-major  axis  of  the  Earth's  orbit, 
=  92,500,000  English  miles, 
90°  —  y  =  the  angle  which  the  tangent  to  the  Earth's  orbit  makes 
with  the  radius  vector  drawn  to  the  point  of  tan- 
gency, 
T  =■  the  number  of  mean  solar  seconds  in  a  sidereal  year, 

=  31,558,149, 
/7=  the  longitude  of  the  Sun  at  perigee, 

=  281°  8'.0  for  1895, 
O  =  the  Sun's  longitude  at  the  time  of  observation, 
3  =  the  Moon's  longitude  at  the  time  of  observation, 
X  =  the  longitude  of  the  star  observed, 
/^  =  the  latitude  of  the  star  observed, 
t  =  the  hour  angle  of  the  star  observed, 
5  =  the  declination  of  the  star  observed, 
f  =  the  latitude  of  the  observer, 

Va  =  the  Earth's  velocity  in  miles  per  second  in  its  orbit, 
Vtt  =  the  correction  to  the  observed  velocity  of  the  star  for 

this  annual  motion, 
Vat  ==  the  Earth's  velocity  in  miles  per  second  due  to  its  revo- 
lution about  the  center  of  gravit^^  of  the  Earth  and 
Moon, 
Vm  =  the  correction  to  the  observed  velocity  of  the  star  for 

this  monthly'  motion, 
Vfj  =  the  velocity  in  miles    per   second    of  a  point  on  the 

Earth's  equator  due  to  the  diurnal  rotation,  and 
Vd  ==  the  correction  to  the  observed  velocity  of  the  star  for 
this  daily  motion. 


The  values  of/  and  Va.  are  given  by* 

esin  (0  — //) 


tan  t  = 


H-ecos(0  — //) 


(3) 


and 


V.^ 


[1  +ecos(0— W)]  sec/. 


(•i) 


When  the  Sun*s  longitude  is  0  the  Earth  is  approaching  the 
point  of  the  ecliptic  \Yhose  longitude  is  0  +270°  —  /,  with  a  veloc- 
it3'  Va .  Projecting  tliis  motion  upon  the  line  joining  the  ob- 
server and  the  star  (^,  P)  we  obtain 


ya  =  —V^  sin  (A  —  0  +  /)cos  y?. 


(5) 


In  Table  II  the  values  of  V^  and  /  arc  tabulated  as  functions  of 
O  ;  so  that  to  find  the  value  of  the  correction  v*«  it  is  only  neces- 
sary to  find  0  in  the  Nautical  Almanac  for  the  instant  of  obser- 
vation*  take  the  values  of  V^  and  /corresponding  to  this  value  of 
0  from  Table  II,  and  substitute  them  in  equation  (5).  The  max- 
imum error  introduced  by  neglecting  /  is  0,31  miles  per  second. 
If  it  is  desired  to  use  a  value  of  the  solar  parallax  different  from 
that  employed  here,  it  is  only  necessarj^  to  multiply  the  values  of 
Va  given  by  Table  II»  by  a  constant  factor. 

The  value  of  the  lunar  correction  Vm  can  usually  be  neglected. 
But  its  maximum  value  is  nearly  0.01  miles  per  second,  and  the 
degree  of  precision  adopted  for  these  tables  requires  that  it 
should  be  considered  here.  It  is  not  necessary-,  however,  to  take 
into  account  the  ellipticity  of  the  orbit  and  its  inclination  to  the 
ecliptic.  The  average  value  of  Vm  is  nearly  0,01  miles  per  second, 
and  the  motion  is  toward  the  point  of  the  ecliptic  whose  longi- 
tude is  i#  +  270^.  Therefore,  projecting  this  motion  upon  the 
line  drawn  to  the  star  (^,  fi)^  we  have 

Tm  =  —  Fm  sin(A  —  d )  cos  )^  =  —  0.01  sin(  X  —  1  )cos  >?,        (6) 

Owing  to  the  diurnal  rotation  the  observer  is  constantly  ap- 
proaching the  east  point  of  the  horizon,  with  a  velocity 

Vd  cos  f  =  0.29  cos  sp. 

Projecting  this  motion  upon  the  line  drawn  to  the  star  (t,  <*),  we 
have 


Fd  =  —  Vd  sin  t  cos  ^  cos  vj  —  —  0.29  sin  t  cos  S  cos  ^. 


(7) 


•  Eqaaiioos  similar  to  (3)  and  (4)  arc  derived  in  CbauvcncVs  Spb.  and  Pruc* 
Astr.,  voL  I,  5  391. 
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The  values  of  this  correction  for  the  latitude  of  Mt.  Hamil- 
ton (37°  20')  are  tabulated  in  Table  III  with  the  arguments  t 
and  o.    The  corresponding  corrections  at  any  other  latitude  f ' 

cos  ^' 

can  be  obtained  from  these  by  multiplying  them  bv  — .    Vd  is 

-^  *'  -^     »  -    cos  f 

negative  if  the  star  is  observed  west  of  the  meridian,  positive  if 
the  star  is  observed  east  of  the  meridian. 

Example,  At  Mt.  Hamilton,  1891,  Nov.  24,  9^  35"^  Pacific 
standard  time,  measures  of  the  position  of  D,  in  the  third  spec- 
trum of  Aldebaran  showed  a  displacement  of  0.908  tenth-metres 
toward  the  red.  Required  the  velocity  of  the  star  with  reference 
to  the  solar  system. 
For  Aldebaran  we  have 

a  =  4»»  29™  40%  d=z  +  16°  17'.4, 

;  =  68°16'.0,  /?  =  —    5°28'.5. 

The  solution  of  (2)  gives 

log  Vs  =  log  31.63  =  1.5001 
log  j;  =  log  0.908  =  9.9581 
logvs  =  1.4582 

F.  =  +  28.72  miles  per  second. 

For  the  instant  of  observation  the  Nautical  Almanac  gives 
0=242°41'.5; 

^nd  for  this  argument  Table  II  gives 

log  Va  =  1.2709,  i  =  —  35'.5. 

The  solution  of  (5)  is  therefore 

log  Va  =  log  18.66  =  1.2709 
sin(A  —©+/)=  sin(184°  59'.0)  =  8.9388„ 
cos  ?  =  cos(— 5°  28'.5)  —  9.9980 
log  Va  =  0.2077 

Va  =  +1.61  miles  per  second. 

The  value  of  the  Moon's  longitude  given  by  the  Nautical  Al- 
manac is 

(i  =  173°. 

The  solution  of  (6)  is  therefore 

log  Vn,  =  log  0.01  =  8.00 

8in(>l  —  (i )  =  sin  255°  =  9.98„ 

cos  p  =  cos(—  5°  28'.5)   =  0.00 
log  Va,  =  7.98 

Vfl,  =  +  0.01   miles  per   second. 

The  hour  angle  of  the  star  at  the  instant  of  observation  was 

t  =  21^21»"; 

and  the  vahie  of  Vd  t  equation  (7) ,  given  by  Table  III  is 
Fd  =  +  0.14  miles  per  second. 
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Reduction  of  Spectroscopic  Observations. 


Applying  the  three  corrections  v^ ,  Fm,  and  Vd  to  the  observed 
velocity  of  the  star  Vb  ,  we  obtain  the  star's  velocity  with  refer- 
ence  to  the  solar  system, 

+  30.48  miles  per  second, 
the  positive  sign  indicating  a  recession. 


Table  I. 
Velocities  corresponding  to  Displacements  of  one  tenth-metre. 


Line. 

Vs 

logFs 

Wavc- 
Length. 

V. 

logFs 

C 

28.39 

J.4532 

5300 

35.16 

1.5460 

Di 

31.60 

1.4996 

5200 

35.83 

1.5543 

D2 

31.63 

1. 5001 

5100 

36.54 

1.5627 

Da 

31.71 

1. 5012 

5000 

37.27 

1.5713 

1474 

35.05 

1.5446 

4900 

38.03 

1.5801 

El 

35.35 

1.5484 

4800 

38.82 

1.5890 

b, 

35.94 

1.5556 

4700 

39.64 

1.5982 

b. 

36.06 

1.5570 

4600 

40.51 

1.6075 

5005 

37.23 

1.5709 

4500 

41.41 

1.6171 

F 

38.33 

1.5835 

4400 

42.35 

1.6268 

Hr 

42.93 

1.6327 

4300 

43.33 

1.6368 

G 

43.25 

1.6360 

4200 

44.^6 

1.6470 

w 

45.42 

1.6573 

4100 

45.45 
46.58 

1.6575 

H 

46.95 

1.6716 

4000 

1.6682 

K 

47.37 

1.6755 

3900 

47.78 

1.6792 

Table  II. 

The  Earth's  Orbital  Velocity  F«  and  the  Deviation  /  when  the 
Sun's. Longitude  is  O. 


0 

V. 

log  Fa 

i 

0 

Va 

logF. 

/ 

0 

18.48 

1.2667 

^ 

h56.5 

180 

18.36 

1.2639 

-  56.5 

10 

18.43 

1.2655 

- 

-57.5 

190 

18.42 

1.2652 

-  57.5 

20 

18.37 

1.2642 

-57.0 

200 

18.47 

1.2664 

-57.0 

30 

18.32 

1.2630 

-55.0 

210 

18.52 

1.2677 

-  54.0 

40 

18.27 

I.2618 

- 

-50.5 

220 

18.57 

1.2688 

—  50.0 

50 

18.23 

1.2607 

- 

-45.5 

230 

18.61 

1.2698 

-44.5 

60 

18.19 

1.2598 

- 

-38.5 

240 

18.65 

1.2707 

-37-5 

70 

18.16 

1.2590 

- 

-  30.0 

250 

18.68 

1.2715 

-  29.5 

80 

18.13 

1.2584 

- 

-21.0 

260 

18.71 

1.2720 

-20.5 

90 

18.12 

1.2581 

- 

-  "5 

270 

18.72 

1.2724 

—    II.O 

100 

18.  II 

1.2579 

- 

-      I.O 

280 

18.73 

1.2725 

—    1.0 

110 

18.11 

1.2580 

-    9-0       1 

290 

18.72 

1.2724 

+    8.5 

120 

18.13 

1.2583 

—  19.0       1 

300 

18.71 

1. 2721 

-hi8.5 

130 

18.15 

1.2589 

-  28.0       1 

1      310 

18.69 

1. 2716 

-h27.5 

140 

18.18 

1.2596 

-  36.5       j 

320 

18.66 

1.2709 

+  35.5 

150 

18.22 

1.2605 

-  44.0       ' 

330 

18.62 

1.2700 

-f-430 

160 

18.26 

1. 2615 

-  50.0 

340 

18.58 

1.2690 

4-490 

170 

18.31 

1.2627 

-  54.0 

350 

18.53 

1.2679 

—  53.5 

180 

18.36 

1.2039 

-56.5 

360 

18.48 

1.2667 

+  56.5 

W.  W.  Campbell 
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ON  THE   SPECTRA  OF  BINARY   STARS.* 


W.  H.  S.  MONCK. 


The  following  table  may  perhaps  elucidate  the  questions  rela- 
tive to  binar^^  stars  raised  by  Mr.  Gore,  Mr.  Maunder  and  myself. 
It  is  the  result  of  a  comparison  of  Mr.  Gore's  Catalogue  of  Bi- 
nary Stars  with  the  Draper  Catalogue,  and,  I  think,  contains  all 
stars  common  to  both  catalogues.  It  shows,  I  think  {!)  The 
superior  relative  brightness  of  Sirian  to  Solar  stars;  (2)  The 
numerical  superiority  of  Solar  stars  among  these  binaries. 


Name  of  ^% 

Star  XX 

a 

66  Piscium ,  9.77  ■ 

14  (/)  Ononis «...  4.09- 

12  Lyncis.,,..., .„.„..14.01  - 

Sirius 6,35  - 

<p  Ursffi  Majoria 21.26  - 

Castor 38.12- 

25  Canum  Venaticum 7.28  - 

^  Coronae  Borealis ....20.83  - 

A  Ophitichi ,28.16  - 

*^  Cv^i 31.29  - 

X  Cygni 11,01  - 

1  3121 „„. ...  0.21- 

a?  Leonis...... 4.06- 

01  234 .«„.,.„.  1.80  - 

02  215 2.08  - 

0  Corona:  Borealis,.,.. 1.77  - 

1  3062 ,  0.68- 

J7  Cassiopeia; 0.51- 

S  1037... 1.8^- 

C  Cancri .,„...  2.90  - 

1  228 1.17- 

01235 2,11  - 


Kame  of  *■£ 

Star.  ^-u 

y  Vir^nts .*...„..  4.92 

42  ComsE 2.46 

44  (j)  Bootis 2.07 

7/  Coronae  Borealis..........  1,40 

I  /4  Draconis .,.„. 4.21 

2  2173 0.88 

$  (51)  Scorpii...,. ....*....  5.70 

99  Hcrculis 1.13 

r  Ophiwchi,.. 7.35 

fl  Delphiui 6.85 

i^  Bqunlei ...„.„  2.12 

r  Cygni., 4,28 

C  Aquarii..... 9.21 

I  Ursie  Majoria...... .,  1.00 

I  Bootis 0.34 

:  Hcrculis....* 4.67 

i  2107 1,74 

61  Cygni .,..  0.07 

/r  Ccphci 11.07 

y  Leonis 92.99 

70  ip)  Ophiuclii. 0,30 

36  Andromedee 6.23 


^H  ? 


Total:  First  type  (Sirian»)  11 »  second  type  (Solars)  32,  third  type  1, 

A  cursory  examination  leads  me  to  think  that  in  the  case  of 
double  stars  whose  orbits  cannot  be  computed  in  consec[uenc€  of 
their  very  slow  motion  (whether  owing  to  their  great  distances 
from  us  or  their  small  masses)  the  proportion  l>etween  Solar  and 
Sirian  stars  is  reversed. 


THE  SPECTRA  OF  STARS  IN  THE  MILKY  WAY,f 


BY  J.  B.  GORE  F.  R.  A,  a 


Professor  Pickering  finds  that  the  majority  of  the  stars  in  the 
Milkj-  Way  show  spectra  of  the  first  or  Sirian  type.    I  have  made 

•  Coromunicated  by  the  author. 

t  The  Journal  of  the  British  Astronomical  Association,  December*  1891. 


The  Spectra  of  Stars  in  the  Milky  Way. 
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a  carefbl  enumeration  of  the  stars  in  the  Draper  Catalogue  of 
Stellar  Spectra  which  lie  in  the  Milky  Way  and  its  branches,  as 
drawn  by  Heis,  and  the  following  table  shows  the  results  I  have 
found : — 


Spectrtiiu 

No. 

Total. 

Type. 

Remarks. 

of  Stars. 

Sab-groap  A 

1,8931 
44 

i< 

C 

3(     1,940 

I. 

Sirian  type 

(« 

D 

— . 

•« 

E 
F 

2371 
315 

« 

G 

14 

(( 

H 

454 

1,100 

II. 

Solar  type. 

«« 

I 

45 

*» 

K 

34 

ii 

L 

1 

«« 

M 

15            15 

III. 

orHercttlis  type. 

(( 

Q 

6              6 

Spectra  which  differ  from  those  of 

^otal 

types  1. 11,  III,  and  IV. 

Grand  1 

3.061 

The  above  result  shows  that  of  the  stars  in  the  Milky  vWay  to 
about  the  7th  magnitude,  63.4  per  cent  are  of  the  first  type,  and 
36.6  per  cent  of  the  second  and  other  types. 

For  the  preceding  half  of  the  Milky  Way  visible  in  these 
latitudes  (0^  to  9^  R.  A.),  I  find  that  1,078  stars  are  of  type  I. 
out  of  a  total  of  1,608,  or  a  percentage  of  67. 

The  richest  region  in  stars  of  the  first  t3rpe  lies  between  R.  A. 
3»>  16"  8  and  3^  25"  5  (Epoch  1900)  where  out  of  63  stars,  no 
fewer  than  52,  or  82%  per  cent  are  of  type  I. 

It  will  be  seen  that  there  are  no  stars  of  Sub-group  D  in  the 
Milky  Way,  and  only  one  star  of  Sub-group  L. 

As  Mr.  Monck  has  pointed  out,  the  fact  of  Stars  of  the  Sirian 
type  being  probably  brighter,  surface  for  surface,  than  those  of 
the  second  or  solar  type,  would  suggest  that  stars  of  the  first 
type  would  be  visible  at  greater  distances  than  those  of  the 
second.  I  find  that  the  great  majority  of  stars  with  large  proper 
motions, — generally  supposed  to  indicate  proximity  to  our 
system,— have  spectra  of  the  second  type,  and  this  is  of  course 
evidence  in  favor  of  Mr.  Monck's  view.  The  preponderance  of 
first  type  stars  in  the  Milky  Way  would  therefore  suggest  that  it 
lies  further  from  us  than  the  generality  of  the  visible  stars,  a 
conclusion  which  has  previously  been  arrived  at  from  other 
considerations. 
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ASTRO-PHYSICAL  NOTES. 


All  articles  and  correspondciicc  relating  to  spectroscopy  and  other  subjects 
propcrh"  included  in  Astro-Physics  should  be  addressed  to  George  E,  Hale,  Ken- 
wood Astro* Physical  Observatory^  Chicago,  U.  S»  A.  Authors  oi  papera  are  re- 
quested to  refer  to  i>ag:c  352  for  informatioTi  in  regard  to  til ust rations,  rtprint 
copies,  etc. 

The  Wew  Star  in  Auriga.— Since  the  publication  of  our  March  number  much  ] 
additional  information  has  been  received  in  regard  to  Nova  Atirigae.  Though 
^"bown  by  the  Harvard  photographs  to  have  been  visible  to  the  naked  eye  for 
eeks  before  the  announcement  of  its  disco ven\  the  new  star  was  not  known  to 
exist  until  Mr.  T.  D.  Anderson,  of  Edinburgh,  armed  with  a  small  pocket  tele- 
scope and  Klein's  Star  Atlas,  satiafied  himself  on  January  31  that  a  stranger  had 
appeared  in  Auriga.  Here  is  encouragement  indeed  for  the  amateur  with  small 
instrumental  equipment.  It  seems  that  there  are  cases  in  which  the  naked  eye  {  for 
the  first  glimpses  of  the  Nova  were  obtained  by  Mr.  Anderson  without  anv  aid  to 
vision  I,  or  at  best  a  telescope  magnifying  tea  times,  can  outdo  the  largest  and 
most  searching  instrument. 

It  is  an  interesting  fact  that  as  observed  at  Greenwich  the  Nova  seemed  to 
have  a  *'  slightly  fuzzy'*  appearance,  and  its  light  was  descrilwd  as  **  not  so  pierc- 
ing" as  that  of  other  8tars  in  the  same  field.  Dr.  Common,  observing  at  Eating 
with  his  5-foot  reflector,  did  not  note  any  'Muzziness.*'  He  found  the  spectrum  to 
be  crowded  with  bright  lines,  notable  among  which  were  C,  F  and  G.  **  There 
was  a  bright  line  at  or  near  D,  one  fairly  bright  between  C  and  D  (about  617  ). 
and  several  taint  lines  near  both  C  and  D,  In  the  green  between  D  and  F  three 
very  strong  bright  lines  were  visible.  One  of  these  was  found  by  comparison  to  j 
be  practically  coincident  with  the  517  hydrocarbon  fluting,  while  another  was 
probably  the  5005  nebula  line.  Several  taint  lines  were  observed  in  the  green. 
Between  G  and  F  there  were  certainly  three  bright  lines."  (  Observatory,  March, 
1892).  The  disjiersion  employed  is  not  stated.  Mr.  Lockyer  saw  no  nebulosity 
about  the  star  either  in  a  3-foot  reflector  or  10-inch  refractor,  nor  was  any  shown  _ 
in  a  photograph  taken  bv  him  with  a  3Vi-inch  Dallmeyer  lens  after  three  hours  cm* 
posure.  Father  Denza,  however,  at  the  Observatory  of  the  Vatican,  noticed 
certain  peculiarities  in  the  photographed  images  of  the  star.  Two  sets  of  photo- 
graphs were  made  by  him  on  the  evening  of  Feb.  7,  five  images  being  obtained  on 
each  plate,  which  was  moved  a  short  distance  in  declination  between  each  succes* 
sive  exposure.  Five  minutes,  and  twenty,  fifteen^  ten  and  five  seconds,  were  the 
times  given*  As  the  star  was  shown  with  the  shortest  exj>osure»  in  spite  of  bright 
moonlightt  Father  Denza  concludes  that  it  was  of  the  5th  magnitude  at  that  time. 
He  remarks  further:  "In  the  two  photographs  the  image  of  the  star  is  not  so 
sharp  as  the  images  of  the  other  stars  on  the  plate,  which  are  perfectly  round  ;  it 
has  a  somewhat  soft  appearance,  which  gives  reason  to  believe  that  this  star  has 
recently  experienced  some  disturbance."  Father  Denza  has  also  determined  the 
position  of  the  Nova  from  the  photographs  [  a  resenu  was  imprinted  on  oneof  the  i 
plates),  by  micrometer  measures,  and  with  the  meridian  circle.  The  latter  mea»« 
ares  give:  a  ^  5^  25""  3*A,  *^  ^ -^  30®2l'42".0.  {Comptes  rcadus,  Feb.  22, 
1892.} 

At  a  meeting  of  the  Royal  Society  on  Feb.  11,  Mr.  Lockyer  presented  a  paper 
on  the  photographic  spectrum  of  the  new  star,  in  which  he  announced  that  *'  the 
bright  lines  K,  H,  It  and  G  arc  Jiccompanied  by  dark  lines  on  their  more  refrangi- 
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ble  sides."  As  may  be  seen  by  referring  to  the  photograph  of  the  spectrum  in  the 
last  number  of  Asthonom y  and  Astrg-^Physics.  this  interesting  fact  had  already 
been  discoTered  by  Professor  Pickering.  In  his  communication  Mr.  Lockyer  gave 
the  following  list  of  the  wave-lengths  of  twenty  bright  lines  in  the  photographic 
spectrum,  determined  by  direct  comparison  with  lines  in  a  Cygni :  3933,  3968, 
4101,  4128,  4172,  4202,  4226,  4264,  4291.  4310,  4340,  4383,  4412,  4434,  4469, 
4518,  4555,  4587,  4625, 4860.  He  considers  it  probable  that  many  of  these  lines 
are  coincident  with  lines  in  the  Orion  nebula,  Orion  stars,  and  Wolf-Rayet  stars. 
Other  lines  more  refrangible  than  K,  and  probably  including  members  of  the  ul- 
tra-violet hydrogen  series,  were  also  obtained  on  the  plates.  Mr.  Lockyer  refers 
to  his  "meteoritic  hypothesis**  for  an  explanation  of  the  new  star,  and  remarks 
that  if  subsequent  photographs  continue  to  show  the  dark  lines  displaced  to  the 
more  refrangible  side  of  the  bright  ones,  ''the  spectrum  of  Nova  Aurigae  would 
suggest  that  a  moderately  dense  swarm  is  now  moving  towards  the  Earth  with  a 
great  velocity  and  is  disturbed  by  a  sparser  one  which  is  receding.  The  great 
agitations  set  up  in  the  dense  swarm  would  produce  the  dark- line  spectrum, 
while  the  sparser  swarm  would  give  the  bright  lines."    ( Nature,  Feb.  18, 1892.) 

From  the  Observatory  we  learn  that  Professor  Vogel  has  photographed  the 
spectrum  of  the  Nova  with  the  Potsdam  spectrograph,  and  finds  that  the  hydro- 
gen line  used  for  comparison  falls  between  the  dark  and  bright  lines  in  the  star. 
The  displacements  for  the  two  components  are  unequal,  the  bright  lines  indicating 
the  greater  velocity. 

Dr.  and  Mrs.  Huggins  have  continued  their  observations,  and  we  add  from  the 
Observatory  a  communication  presented  by  them  to  the  Royal  Society  on  Feb. 
24. 

"  Perhaps  the  most  noticeable  feature  to  the  eye  in  the  star's  spectrum  was 
the  great  brilliancy  of  the  hydrogen  lines  at  C,F.  and  G;  but  the  point  of  greatest 
interest  was  obviously  that  two  of  these  lines.  F  and  G — ^and  we  have  since  ob- 
served the  same  with  C— were  accompanied  each  by  a  strong  absorption  line  on 
the  side  towards  the  blue.  Comparison  with  the  lines  of  terrestrial  hydrogen, 
while  confirming  the  obvious  presumption  that  the  star  lines  were  reall}'  those  of 
hydrogen,  showed  at  once  a  large  motion  of  recession  of  the  bright  lines  and  a 
motion  of  approach  of  a  similar  order  of  magnitude  of  the  hydrogen  which  pro- 
duced the  absorption. 

*•  A  photograph  which  we  have  since  taken  gives  the  star's  spectrum  as  far  in 
the  ultra-violet  as  about  A  3200.  On  this  plate  we  see  not  only  the  other  hy- 
drogen lines  at  h  and  H,  but  also  the  series  beyond,  which  is  characteristic  of  the 
white  stars— bright,  with  dark  absorption  lines  on  the  blue  side. 

"  Besides  the  hydrogen  series  there  appear  to  be  other  lines  doubled  in  a  simi- 
lar manner,  including  the  sodium  lines  at  D.  The  line  K  is  strongly  impressed 
npon  the  plate,  but  in  our  photograph  it  is  not  followed  by  an  absorption  so 
strong  as  in  the  case  of  H. 

**In  the  green  part  of  the  spectrum  three  very  brilliant  green  lines  are  seen  on 
the  red  side  of  F.  One  of  these  falls  not  far  from  the  position  of  the  chief  nebular 
line;  but  even  when  the  shift  of  the  spectrum  is  taken  into  account,  we  can 
scarcely  regard  this  line  as  the  true  nebular  line.  In  this  connection  it  was  a 
point  of  some  importance  to  find  that  the  strong  and  very  characteristic  line  of 
the  Orion  nebula,  which  falls  about  A  3725,  is  absent  in  our  photograph  of  the 
Xova. 

**The  third  line  from  F  is  rather  broad  and  resolvable  into  lines.  It  falls 
partly  upon  the  more  refrangible  pair  of  the  magnesium  triplet  at  b,  but  its 
character  and  position  do  not  i)ermit  us  to  ascribe  it  to  either  magnesium  or 
carbon. 


*'  Wc  wish  to  mention  an  early  photograph  of  this  star  taken  on  the  3d 
instant  by  Father  Sidgreaves,  at  Stonyhurst,  which  wc  had  the  privilege  of  ex- 
amining. This  successfttl  photograph  extends  from  h  to  near  D,  and  shows  the 
remarkable  doubling  of  many  of  the  bright  Hnes  by  dark  ones— a  feature  which 
was  at  once  noticed  by  Father  Sidgreaves  and  ourselves. 

**  In  onr  photograph  the  spectrum  of  the  star,  which  extends  on  the  plate  as 
far  into  the  ultra-violet  as  our  photographs  of  Sinus,  is  crowded  throughout  its 
entire  length  with  dark  and  bright  lines.  In  the  visible  region  the  number  of 
bright  lines  and  groups,  including  the  double  line  of  sodium  and  lines  in  the 
neighborhood  of  C,  is  also  very  great. 

**  We  prefer  in  this  preliminary  note  not  to  enter  into  any  more  detailed  dis- 
cussion of  the  star's  spectrum,  nor  to  refer  to  the  probable  phenomena  which  may 
now  be  in  progress  in  this  celestial  body.  We  reserve  these  considerations  for  the 
present/* 

It  will  be  remembered  that  in  Professor  Pickering's  article  in  our  last  number 
mention  was  made  of  the  fact  that  the  dark  hydrogen  lines  in  the  spectrum  of 
Nova  Aurigae  are  shown  double  in  the  photographs.  This  could  even  be  seen  in 
the  half-tone  cut  which  accompanied  the  paper.  The  interpretation  of  the  duplic- 
ity as  being  the  result  of  the  relative  motion  of  certain  bodies  in  the  complex  sys- 
tem of  the  Nova  was  the  most  natural  one  to  make  in  the  light  of  data  derived 
from  other  cases  of  a  similar  nature,  and  this  conclusion  is  now  greatly  strength- 
ened by  the  following  important  announcement,  which  we  have  jnst  recei^xd 
from  Professor  Pickering, 


A  Change  in  the  Spectrum  of  Wova  Aurigae.— From  an  examination  of  sixteen 
photographs  of  the  spectrum  of  Xova  Aurigae  taken  with  the  ll*ineh  Draper  tele- 
scope between  February  4  and  February  IG.  1S92.  Mrs.  Fleming  finds  that  a  dis* 
tinct  change  has  taken  place  both  in  the  width  and  distance  apart  of  the 
mponeiits  of  the  dark  hydrogen  lines.  edward  c,  PiCKERLS^i 

Harvard  College  Observatory, 
Cambridge,  Mass..  March  11,  1892. 


A  letter  received  just  as  we  go  to  press  from  Rev.  A.  L,  Cortic  informs  us  that 
Father  Sidgreaves  has  obtained  many  photographs  of  the  8|>ectrura  of  the  Nova 
in  addition  to  the  one  mentioned  by  Dn  Huggins.  They  show  over  HJO  bright 
and  dark  lines  and  bands,  and  also  the  doubling  of  the  bright  and  dark  lines.  As 
orthochromatic  plates  were  used  the  spectra  extend  from  D  to  h.  The  most  con- 
spicuous lines  are  D^,  F,  G  and  b,  and  strong  bands  are  shown  near  a  50U  and 
near  b-  Photographs  were  secured  on  Feb.  4-,  8,  11,  12,  13,  15,  16,  and  18,  and 
in  this  time  the  spectrum  was  found  to  have  undergone  certain  changes.  We 
have  not  yet  learned  the  precise  nature  of  these  changes. 


Magnetic  Perturbations  and  the  Great  Sun-Spot.— That  the  great  spot  gmup 
which  appeared  at  the  Sun's  eastern  limb  on  Feb.  4,  and  was  not  far  from  the 
center  of  the  disc  on  Feb.  13,  should  l>e  in  some  way  connected  with  the  wide- 
spread magnetic  storm  and  brilliant  auroras  of  the  latter  date  seems  far  from  im- 
probable, but  we  have  nothing  to  warrant  us  in  assuming  a  direct  relation  oC 
cause  and  effect.  As  Dr.  Veeder  well  puts  it  in  a  letter  to  the  New  KorJIr  Hent/ef, 
'*  If  big  Sun  spots  produce  auroras,  why  did  not  this  one  continue  to  do  so 
throughout  the  entire  time  that  it  remained  visible  ?*'  It  might  be  held  that  some 
great  disturbance  in  the  spot  group  occurred  simultaneously  with  the  magnetic 
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storm,  bnt  nothing  to  parallel  the  classic  observation  of  Carrington  and  Hodgson 
was  recorded.  It  is  true  that  observations  made  at  Kenwood  Observatory 
showed  more  activityt  aod  greater  distortion  of  the  C  line  in  the  spot  group  on 
the  date  in  question  than  at  any  other  time  of  observation,  but  nothing  of  a  very 
remarkable  natnre  was  seen.  M.  E.  Marchand,  however,  thinks  that  Sun-spots 
produce  an  effect  on  terrestrial  magnetism  when  they  pass  the  center  of  the  Sun's 
disc:  "The  very  marked  magnetic  perturbation  of  Feb.  13-14, 1892,  verifies  in 
a  very  remarkable  manner  the  general  law  which  I  deduced  in  1887  from  obser- 
vations made  at  Lyons  (Prance),  on  magnetism  and  the  solar  spots  and  faculae. 
{Comptes  readus,  Jan.  8,  1887.)  In  fact  solar  observations  on  Feb.  10  and  11 
show  a  very  large  spot  group,  visible  to  the  naked  ejre,  in  latitude  —  26^,  fol- 
lowed by  another  group  of  small  spots  in  latitude  —  18^.  The  passages  of  these 
two  groups  over  the  central  meridian  took  place  on  the  following  dates:  Feb. 
11.9  for  the  first;  13.1  for  the  second.  Very  extensive  faculae  connected  these 
two  groups,  moreover,  and  extended  far  behind  the  second.  Now  the  magnetic 
perturbation  commenced  on  Feb.  13.2;  that  is  to  say,  immediately  after  the  pas- 
sage of  the  second  group  of  spots. 

**  Let  us  add  that  the  region  of  activity  in  which  these  two  groups  occur,  has 
long  existed  on  the  solar  surface,  but  it  has  not  alwa3rs  contained  spots.  In 
June,  1891,  for  example,  it  contained  only  facuUe;  at  other  returns  it  was  the 
seat  of  faculce  and  pores.  It  has  produced  a  magnetic  perturbation  at  each  of  its 
passages  over  the  central  meridian ;  some  of  these  perturbations  have  been  com- 
paratively strong,  for  example  those  of  Jan.  17,  1892,  Nov.  20,  1891,  Oct.  24, 
1891,  Sept.  28, 1891,  Aug.  29, 1891,  Aug.  3,  1891."  (Comptes  rendus,  Feb.  22, 
1892.) 

The  "general  law"  referred  to  by  M.  Marchand  is  given  in  the  Comptes 
rencfos,  Jan.  10,  1887,  and  may  be  translated  as  follows:  **£ach  of  the  maxima 
(in  a  curve  of  magnetic  declination)  sensibly  coincides  with  the  passage  of  a  group 
of  spots  or  a  group  of  faculae  at  its  shortest  distance  from  the  center  of  the  solar 
disc."  Diagrams  are  given  which  show  the  variation  in  the  curve  of  intensit3' 
from  December,.  1885.  to  October,  1886,  and  the  positions  of  spots  or  faculie  with 
reference  to  the  central  meridian  of  the  Sun  are  noted  above  the  maxima  of  the 
curve.  In  most  cases  the  agreement  is  very  good,  but  we  cannot  therefore  assent 
that  the  general  nature  of  the  law  has  been  proved,  though  we  fully  recognize 
that  something  more  than  chance  coincidence  is  suggested.  During  the  latter  half 
of  the  period  covered  by  the  diagrams  the  Sun  was  frequently  observed  to  be  en- 
tirely free  from  spots,  and  the  faculae  were  therefore  supposed  to  be  responsible  for 
most  of  the  magnetic  perturbations.  **ln  this  latter  case,  the  faculo;  have  Ijeen 
generally  observed  up  to  quite  a  distance  from  the  two  limbs;  it  could  be  concluded 
that  they  must  have  persisted  until  they  reached  the  center,  although  observa- 
tion was  rarely  extiended  so  far."  But  even  taking  it  for  granted  that  this  as- 
sumption was  a  fair  one,  was  it  true  that  the  passage  of  every  facula  across  the 
central  meridian  was  attended  by  a  magnetic  perturbation  ?  Since  we  have  been 
able  at  Kenwood  Observatory  to  record  faculae  on  all  parts  of  the  disc  with 
equal  ease  by  the  aid  of  the  spectro heliograph  there  has  rarely  l>een  a  time  when  at 
least  one  facula  has  not  been  crossing  the  central  meridian.  For  the  faculae  are 
of  great  extent,  and  very  irregular  form,  and  they  may  require  da3's  to  pass  a 
fixed  point.    We  therefore  regard  M.  Marchand*s  theory  with  some  hesitation  . 

Another  theory  which  has  been  strongly  advocated  by  Dr.  M.  A.  Veeder  and 
others,  holds  that  solar  disturbances  do  not  as  a  rule  produce  any  noticeable  ef- 
fect on  terrestrial  magnetism  except  when  coming  into  view  by  rotation  on  the 
Sun's  eastern  limb.    In  the  letter  to  the  New  York  Herald  from  which  we  have 


already  quoted  Dr.  Vecder  t*cnmrks:  **  It  cannot  be  reiterated  too  often  that  tlie 
magnetic  effect  of  solar  disturbances  is  felt  almost  exclusively  when  they  arecjc- 
acth'  at  the  eastern  limb*  I  have  a  record  of  numerous  instances  in  which  the 
most  tremendous  outbreaks  located  elsewhere  have  been  attended  by  scarcely 
any  auroral  or  magnetic  effect  whatever.  On  June  17,  189 1 »  for  example^  there  , 
was  a  disturbed  area  at  the  western  limb  of  the  Sun,  in  connection  wnth 
which  enormous  velocities  of  eruption  were  recorded.  Nevertheless  the  day 
was  magncticalh*  very  quiet/*  I  We  ma3'  mention  here  that  Mr.  Whipple  has  ex- 
amined the  magnetic  records  of  the  Kcw  Observatory'  for  June  17,  and  fails  to 
find  even  the  slight  disturbance  5hcjwn  by  Mr.  Turner  in  the  diagrams  given  in  the 
January  number  of  Astro.som y  and  Astro-Physics.)  **  Compare  this  with  what 
hap|>ened  August  28,  1891,  when  a  spot  which  was  also  in  the  same  region  which 
has  recently  been  the  seat  of  the  great  spot  group  above  mentioned  came  into 
view*  Instead  of  almost  perfect  quiet  the  magnets  were  violently  disturbed  and 
there  was  a  brilliant  aurora/*  In  a  letter  from  Dr.  Vcedcr  we  learn  that 
there  was  a  brilliant  aurora  on  the  night  of  Feb.  29,  the  date  of  the  exi>ected  re- 
turn of  the  disturbed  section  of  the  Sun  which  contained  the  great  spot  group, 
_ln  another  letter  dated  March  13,  Dr.  Veeder  writes:  '*  Strong  auroral  streamers  ' 
Ind  patches  were  seen  last  evening  from  8.07  to  8.30  through  breaks  in  the 
l^louds,  and  this  morning  there  is  upon  the  Sun's  eastern  limb  a  spot  group  ap- 
pearing hv  rotation.  This  is  the  recurrence  of  the  Feb.  13-14  aurora  and  solar 
disturbance  exactly  on  time.  This  periodicity  and  association  of  phenomena  dem- 
t>nstrates  conclusively  that  the  'big  Sun-spot*  west  of  the  meridian  was  not  re- 
sponsible for  either  of  these  auroral  displays,*'  Dr-  Veeder  is  in  perfect  accord 
writh  M.  Marchand  on  one  point  at  least;  they  agree  in  the  belief  that  the  sire  of 
spotts  has  nothing  to  do  with  their  magnetic  effect. 

We  are  ourselves  inclined  to  favor  the  "eastern  limb"  theor>-.  but  the  time  has 
not  yet  come  to  definitely  accept  any.  The  accumulation  of  data  is  now  more  de* 
sirable  than  the  formulation  of  theories,  though  these  will  play  a  very  useful  part 
in  guiding  investigation. 

Several  notes  on  the  magnetic  storm  and  the  great  spots  have  been  gathered 
from  various  sources,  and  are  given  below. 


A  Magnetic  Disturbance.— The  following  letter  from  the  superintendent  of  the  • 
Kew  Observatory  appears  in  Nature  for  Feb,  18,  1891 : 

Our  attention  having  been  directed  for  some  days  past  towards  a  spot  of  un- 
usual size  upon  the  Sun's  disc  we  were  not  by  any  means  surprised  to  observe,  as  \ 
doubtless  many  of  your  readers  elsewhere  also  did,  an  aurora  of  great  beauty  on 
Saturday  night  last;  nor  was  our  anticipation  of  seeing  a  magnetic  disturbance 
portrayed  upon  the  magnetograph  records  disappointed  in  the  morning*  for 
when  the  sheets  were  changed  and  the  photographs  developed,  w*e  saw  that  per- 
turbations more  violent  than  any  which  had  been  recorded  at  Kew  for  the  past 
ten  years  had  been  in  progress  since  about  5.45  x.  u.  of  Feb.  13. 

The  magnets  w^ere  very  quiet  on  Friday,  but  early  on  Saturday  morning  they 
became  disturbed.  The  easterly  declination  slightly  increased  until  about  5.40  r, 
M.,  whilst  both  horizontal  and  vertical  forces  similarly  increased  in  intensitt*, 
more  esjjcci ally  between  4  and  6  p.  a.  They  further  diminished  in  force  after  lo 
f\  XI,,  and  their  changes  became  very  rapid  from  12  midnight  to  2  a.  m,,  whilst  at 
the  same  time  the  declination  proceeded  to  iis  extreme  westerly  position.  Subse« 
quently,  the  fluctuations  in  magnetism  became  much  reduced  in  extent,  and  the 
whole  disturbance  gradually  diminished  and  died  out  about  4  p,  &i.  of  Sunday. 
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The  Kew  magnetometers  were  not  able  to  record  the  complete  extent  of  the 
ribrations  to  which  the  needles  were  subjected,  nor  could  the  entire  change  of 
force  be  secured  in  the  field  of  the  instrument.  The  limits,  however,  clearly  re- 
corded were  2®  of  declination  from  .1760  to  .1830  of  horizontal  force,  and  from 
.43.'>0  to  .44-20  units  of  vertical  force  expressed  in  C.  G.  S.  measure  in  absolute 

force.  G.  M.  WHIPPLE, 

Kew  Observatory,  Richmond,  Surrey,  Feb.  16.  Superintendent. 


Great  Kagnetic  Disturbance  of  xSga,  February  i3-i4.~The  magnetic  distur- 
bance commenced  in  all  elements  on  February  13  at  5^  30™,  Greenwich  Civil 
Time,  by  a  sudden  increase  of  declination,  horizontal  force,  and  vertical  force,  ac- 
companied by  a  strong  manifestation  of  earth  currents.  Large  motions  con- 
tinned  to  be  registered  throughout  the  day  and  following  night;  between  Feb- 
ruary  13  14*»  and  February  14  5*»  they  were  unusually  large,  amounting  in  declina- 
tion to  l°and  more,  the  trace  having  passed  off  the  sheet  for  one  hour  shortly  after 
midnight.  In  the  horizontal  force  the  disturbance  exceeded  0.03  parts  of  the 
whole  horizontal  force,  the  trace  having  similarly  passed  oflf  the  sheet  for  nearly 
half  an  hour  at  about  22**  and  for  more  than  IVi  hours  from  shortly  before  l**  to 
2^.  In  vertical  force  the  disturbance  was  also  great,  the  trace  going  off  the 
sheet  on  both  sides,  in  the  direction  of  increasing  force  from  14V^^  to  19^,  afid  in 
the  direction  of  decreasing  force  from  oVa^  to  2**;  the  range  probably  exceeded 
0.02  parts  of  the  whole  vertical  force.  The  disturbance  ceased  on  the  after- 
noon of  February  14.  An  aurora  was  seen  at  Greenwich  between  o^  and  1^  on 
February  14. 

A  preliminary  sudden  movement  is  a  common  feature  of  magnetic  storms; 
sometimes  the  disturbance  follows  on  at  once,  sometimes  it  is  a  premonitory  sign 
of  disturbance  to  follow  in  a  lesser  or  greater  number  of  hours.  The  latter  was 
the  case  in  the  celebrated  1859  Sun-spot  and  the  magnetic  disturbance.  Mr.  Ellis 
has  recently  been  making  an  examination  of  some  peculiarities  connected  with 
the  initial  movements  observed  in  magnetic  storms,  and  expects  to  arrive  at 
interesting  infommtion  in  regard  to  the  question  as  to  how  closelj'  these  move- 
ments are  simultaneous  at  different  places,  and  also  on  other  points. 


I 


The  Kagnetic  Storm  of  Feb.  13-14.— M.  Mascart  has  the  following  note  in  the 
Comptes  rendus  for  Feb.  22 : 

The  recording  instruments  of  the  Observatories  of  Nice,  Toulouse,  Clermont 
and  Besancon  uniformly  imprinted  this  disturbance,  with  all  the  circumstances 
determined  by  the  stations  of  Perpignan,  Lyon,  Nantes  and  Pare  Saint-Maur; 
the  details  of  the  phenomena  will  form  the  object  of  a  Inter  investigation. 

Moreover,  the  accompanying  nurorn  borealis,  first  noted  in  the  United  States, 
was  observed  in  Europe  as  well. 

On  Feb.  14,  from  1*»  to  l^  10*"  a.  m.  (Paris  M.  T.),  M.  A.  Forcl  saw  at  Morges 
a  very  beautiful  aurora  borealis;  the  telegraph  oix?rator  of  the  Morges-Rolle  line 
was  awakened  about  12'*  25"'  a.  m,  by  the  bell  ringing  of  its  own  accord. 

The  same  day,  between  midnight  and  1**  a.  m..  M.  P.  Lefebre  observed  at 
Troycs  "an  aurora  borealis  of  considerable  intensity,  since  the  phenomenon  was 
easily  visible  in  spite  of  the  brilliancy  of  the  full  Moon.  A  faint  purple  light  first 
appeared  in  the  north;  as  it  continued  to  rise  higher,  the  center  was  sensibly  dis- 
placed from  east  to  west.  At  the  moment  .of  its  greatest  brightness,  whiter 
and  more  brilliant  vertical  streamers  were  seen  at  intervals.  Finally  the  phenom- 
enon disappeared  behind  clouds,  after  having  undergone  a  new  disi)lacement  in  a 
direction  opposite  to  that  of  the  first." 


M.  de  Roquigny-Adanson  informs  me  that  the  aurora  was  observed  at 
Parc-de-Baleine  by  a  gamekeeper,  ♦  •  •  •  ♦  xbe  aurora  was  also  seen  in  the 
Mediterranean,  in  the  neighborhood  of  the  coasts  of  Provence,  at  Rome,  Brus- 
sels, London*  in  Canada,  in  the  United  States  above  the  36th  parallel,  etc. 


Note  on  a  Sun-spot  Observed  at  Meudon  Observatory  from  Feb.  5  to  Feb,  17,  by 
M.  J.  Jan8sen,—(  Comptcs  rcndus,  Feb.  22,  1892.)  M.  J.  Jansst-n  exhibited  to 
the  Academy  the  photographs  of  the  Sun  obtained  on  Feb.  6,  9,  12  and  17, 
on  which  is  shown  one  of  the  largest  spots  observed  during  recent  solar 
periods. 

The  fact  which  renders  this  spot  particularly  remarks tjle  and  allowed  it  to  be 
Bily  seen  with  the  naked  eye,  is  tlie  great  extent  of  the  surface  disturbed  (the 
diameter  of  which  is  about  one-seventh  the  diameter  of  the  solar  disc),  and  the 
great  number  of  nuclei  distributed  over  this  surface.  Two  of  these  nuclei  united 
in  the  same  iienumbra  were  from  six-tenths  to  eight-tenths  of  a  minute  of  arc 
in  diameter,  which  closely  approximates  the  dimensions  of  the  largest  nuclei  ever 
observed. 

The  large  scale  on  which  these  photographs  have  l>cen  obtained  permits  of  the 
study  of  the  movements  and  changes  which  the  nuclei  underwent  from  the  ap- 
pearance of  the  spot  on  Feb.  5  to  Feb,  19,  at  which  date  it  was  close  to  the  limb. 
This  study  is  complicated  by  the  fact  that  there  enter  into  it  as  elements  the  vari- 
ation in  time  of  rotation  with  the  heliocentric  latitude — a  variation  very  percep- 
tible in  the  present  case,  on  account  of  the  extent  of  the  spot  in  the  direction  of 
the  solar  meridian — together  with  certain  prof>er  motions,  and  finally  the  varia- 
tion of  the  forces  which  produced  this  great  phutospheric  disturbance  If  the 
results  of  this  study  are  of  sufficient  interest  the  Academy  will  be  informed  of 
them. 

In  regard  to  the  question  of  a  connection  between  the  phenomena  of  Sun-spots 
and  terrestrial  nmgnetic  disturbances,  M.  Janssen  sees  nothing  in  the  facts  so  far 
established  which  would  as  yet  authorize  us  in  admitting  this  correlation.  How* 
ever,  as  nothing  should  Ik  rejected  a  priori^  and  as  the  study  of  this  t|uestion  can- 
not be  otherwise  than  profitable  in  the  advancement  of  science,  it  is  desirable  that 
the  number  of  meteorological  and  magnetic  observatories  be  increased,  principally 
in  the  Southern  Hemisphere,  in  order  that  it  may  t>ecomc  possible  to  separate  out 
from  a  mass  of  electric  and  magnetic  effects  those  which  may  have  a  general  and 
simultaneous  character  over  an  entire  terrestrial  hemisphere,  for  it  is  evident 
that  only  phenomena  of  this  order  can  be  attributed  to  solar  action. 


Photography  of  tJhe  Great  Sun-Spot  at  the  Lick  Observatory. —We  are  indebted 
to  the  Lick  Observatory  for  an  excellent  copy  on  glass  of  a  photograph  of  the  Sun 
taken  when  the  great  spot  was  nearest  the  center  of  the  disc.  The  photograph 
was  accompanied  by  the  following  letter  from  Professor  Campbells 

Lick  Oiiisbvatorv,    Mount  Hamilton,  March  8.  1B02, , 

I  take  pleaaurc  in  complyliig  with  your  request  for  a  copy  of  one  of  our  pbotoffraphft  of 
the  ^reat  February  Sun-^pot,  It  is  a  positive  contact  copy  of  a  negative  taken  hy  Profcm- 
snr  Schaeberle  and  myself  with  the  40<root  photohclio^aph  on  Thursday,  Feb.  11,  1892« 
lOh  35m  48s  Pac,  St-  Time-  We  have  secured  photographs  of  the  spot  cverj'  clear  day  that 
It  has  been  on  the  insible  hemisphere  of  the  Sun  since  Feb.  9,  on  which  date  it  was  detectctl 
here  by  Professor  Scbacbcrle  b}-  the  naked  tyc.  Unfortunately,  howcTcr,  the  seeios  ba» 
i»iioUj  hcctk  poor,  and  the  definition  is  not  as  good  as  we  should  wish. 

Youn  very  truly, 

W.  W.  CAMPBBLI,, 


Astro-Pbysical  Notes.  335 

Area  and  Position  of  the  Great  Son-Spot  as  Determined  at  Greenwich.—In  the 
Journal  of  the  British  Astronomical  Association,  Dec.  1891,  Mr.  E.  Walter 
Maunder  gives  the  following  note  on  the  great  Sun-spot : 

Although  it  is  only  two  years  and  a  half  since  the  time  of  absolute  minimum, 
the  reviving  energy  of  the  Sun  has  already  displayed  itself  in  a  group  of  spots 
which  completely  dwarfs  any  witnessed  dt0ng  the  preceding  cycle.  A  group  ap- 
peared at  the  east  limb  on  February  5,  crossing  the  meridian  on  February  11, 
and  disappearing  at  the  west  limb  on  February  13,  which  had  an  area  on  Febru- 
ary 13  of  more  than  2850  millionths  of  the  Sun's  visible  surface,  the  greatest  area 
attained  by  the  group  of  November  12-25, 1882,  the  largest  group  of  the  1878- 
89  cycle,  being  2425  millionths.  As  in  the  case  of  the  1882  spot,  the  giant  group 
has  bdn  accompanied  by  violent  and  characteristic  magnetic  disturbances,  and 
by  brilliant  aurorae.  The  center  of  the  group  on  February  lay  in  hel.  long.  260**, 
and  hel.  lat.  23""  S. 

An  Sqnatorial  Gronp  of  Snn-Spots.— As  is  well  known,  Sun-spots  vary  not  only 
in  number,  but  in  latitude  as  well  during  a  Sun-spot  cycle,  fust  after  a  minimum, 
at  the  beginning  of  a  new  cycle,  the  spots  which  have  been  frequenting  lower  and 
lower  latitudes  since  the  previous  maximum  soon  disappear,  and  are  replaced  by 
new  spots  in  higher  latitudes.  It  is  extremely  rare  that  a  spot  is  seen  near  the 
equator  in  the  early  part  of  a  new  cycle,  and  we  are  therefore  interested  in  a  note 
by  Mr.  J.  S.  Townsend  in  the  Journal  of  the  British  Astronomical  Association 
(Dec.,  1891 ),  in  which  he  gives  his  observations  of  a  small  group  of  spots  seen 
near  the  equator  from  Nov.  20  to  Nov.  25, 1891.  The  heliocentric  latitude  of  the 
group  varied  between  +  1°  and  +  6°,  and  the  longitude  between  261°  and  267°. 
As  the  last  minimum  occurred  in  1889,  the  low  latitude  of  the  group  in  question 
ia  quite  remarkable. 

Obaenrationa  of  Eruptive  Prominences  by  Mr.  E.  E.  Read,  Jr.,  at  Camden,  N.  J.— 
On  Feb.  18,  from  10  to  12  A.  M.,  Mr.  Read  observed  a  very  bright  prominence  ex- . 
tending  from  P.  A.  222°  to  230°.  The  highest  part  was  about  30"  above  the 
photosphere,  and  the  form  changed  so  rapidly  that  it  was  not  similar  in  any  two 
consecutive  quarters  of  an  hour.  The  distortion  of  the  C  line  was  mostly  toward 
the  red.  Reversals  were  observed  as  follows,  the  positions  of  lines  being  taken 
from  Rowland's  map:    C,  D,.  D,,  Dj,  5371.7,  5363.,  5328.1,  1474  K,  5276.2, 

5269.5,  5234.8,  5227.4,  5226.6,  5208.6,  5206.2,  5204.7,  5188,  b,.  b,,    b,  b», 

5018.6,  4957.7,  4924.1,  F. 

Bad  air  and  haze  made  it  necessary  to  stop  observation  at  F.  The  b  lines 
were  (except  C,  D,  and  F)  the  highest  and  brightest,  extending  about  halfway  up. 
The  other  lines  were  low  down. 

On  Feb.  19  the  prominence  was  again  seen  for  a  few  moments,  and  found  to 
be  about  60^'  high.    C  was  considerably  distorted  in  both  directions. 

On  Saturday,  March  6,  Mr.  Read  observed  a  prominence  at  P.  A.  232°,  which 
was  described  in  the  note-book  as  follows:  '*  bright,  probably  metallic,  but  defi- 
nition too  poor  to  see  any  reversals  save  hydrogen  and  D,.  '*  The  same  day  at 
7 :30  p.  M.  he  saw  a  distinct,  but  not  bright,  aurora,  which  lasted  for  30  minutes. 
On  March  7,  at  10:30  A.  M.,  a  prominence  was  seen  at  P.  A.  234"^  which  reached 
an  elevation  of  162^'  and  showed  great  activity.  "The  base  was  a  perfect 
cyclone,  the  motion  being  in  both  directions.  At  11  o'clock  this  prominence  had 
risen  to  abont  4^  the  base  having  almost  entirely  vanished.  By  noon  there  was 
nothing  visible  at  that  point. "  Two  drawings  which  accompany  the  letter  show 
the  form  of  the  prominence  at  10:15  and  11  A.  M.  At  the  latter  hour  the 
promiiieiioe  seems  to  have  been  blown'.into  fragments. 


Comparative  Photograpliic  Spectra  of  the  Sun  and  Metals,  by  Mr.  F.  McClean.^ 
Though  it  is  now  many  years  since  photography  was  first  successfully  cm- 
plo^xd  in  the  registration  of  metallic  spectra,  the  beautiful  photographs  recently 
puhlished  by  Mr.  McClean  form  the  first  comprehensive  scries  to  be  put  into  the 
hands  of  spectroscopists  for  general  use.  The  set  of  twelve  large  plates  Ijcfore  us, 
which  we  owe  to  the  kind  liberality  oPMr.  McClean,  contains  the  spectra  of  the 
Sun  and  fifteen  metals  from  X  3800  (above  H)  to  A  5750  (near  D)  or  more  than 
half  the  visible  sjjectrum,  on  the  scale  of  Angstrom^s  chart.  Thc3*  are  divided  into 
two  Series;  of  these^  Scries  I  contains  the  spectra  of  the  Sun,  iron,  platinum^ 
indium,  osmium,  palladium,  rhodium,  ruthenium,  g*^ld  and  silver.  The  last  eight 
constitute  the  platinum  group  of  metals.  Series  II  contains  the  spectra  of  the 
Sun.  iron,  manganese,  cobalt,  nickel,  chromium,  ahrminum  and  copper;  these 
seven  metals  constituting  the  iron-coppcr  group.  As  in  all  cases*  the  metallic 
spectra  were  obtained  from  the  spark  discbarge  in  air,  the  air  spectrum  is  shown 
in  all  the  photographs.  These  are  mounted  in  parallel  sections,  and  the  air  lines 
consequently  run  uniJormly  across  the  entire  series.  Though  somewhat  over- 
exposed, owing  to  the  fact  that  the  metallic  spectra  require  a  longer  exposure  to 
bring  out  their  lines  properly,  the  air  spectrum  is  quite  sufficiently  well  sbowTi  to 
be  included  in  the  enumeration  of  the  spectra  contained  in  these  maps. 

Though  every  care  was  used  to  obtain  metals  in  a  pure  state  for  the  work, 
Mr.  McClean  remarks  in  the  Note  which  accompanied  the  presentation  of  his 
photographs  to  the  Royal  Astrononomical  Society  that  man^'  further  impurities 
will  have  to  Ix-  eliminated.  Calcium,  for  example,  is  almost  universally  present, 
its  principal  linc$  apjiearing  in  nearly  every  sfjectrum,  and  coinciding  with 
marked  groups  in  the  solar  siK?ctrum,  It  ap|)ears  most  strongly  in  osmium  and 
colialt.    Iron  and  barium  are  also  common  to  many  si>ectra. 

Everyone  familiar  with  spectrum  photography,  knowing  by  expertcncis  the 
amount  of  jjaticnt  labor  required  in  photographing  the  various  regions  where 
sfjccially  prepared  plates  and  absorbing  solutions  are  essential  to  success,  will 
unite  in  congratulating  Mr.  McClean  on  the  advanced  stage  of  his  extensive  in- 
Tcstigations,  With  the  completeness  of  his  laboratory'  and  apparatus,  and  the 
excellent  methods  in  use  theix  in  photographing  and  enlarging  spectra,  we  arc  our-  ' 
selves  familiar  from  personal  observation;  In  company  with  Mr.  Ranyard,  the 
well-known  Editor  of  Knowledge,  the  writer  enjo3^ed  last  summer  a  most  inter- 
esting visit  to  Mr,  McClcan's  home  in  Tunbridge  Wclls^  England.  The  entire 
upi>er  story  of  the  house  is  fitted  up  as  a  laboratory,  and  a  heliostat  on  the  roof 
commands  the  honzou  in  almost  every  direction,  thus  making  possible  the  pho- 
tographic work  on  the  high  and  low  Sun  spectrum  which  w  as  carried  on  by  its 
means.  The  light  is  reflected  into  a  telescope  fixed  in  the  meridian  at  the  angle  of 
the  pole,  and  a  total  reflecting  prism  at  the  eye-end  allows  the  image  of  the  Sun 
to  be  formed  on  the  slit  of  the  spectrograph.  This  instrument  is  pro%*ided  with 
a  Rowland  grating  with  1 4,438  lines  to  the  inch,  and  the  observing  telescope  has 
a  focal  length  of  about  36  inches.  The  photographs  taken  at  the  focus  of  the 
spectrograph  arc  subsequently  enlarged  about  8V^  times.  The  electric  apparatus 
is  very  complete.  In  the  cellar  of  the  house  a  gas  engine  is  employed  to  charge  a 
targe  storage  battery.  The  current  from  this  is  led  to  a  motor  in  the  laboratory. 
ad  this,  in  turn,  drives  an  alternating  dynamo.  The  alternating  current  8ut»- 
dics  tbe  primary  uf  a  s^Kcially  constructed  induction  coil,  and  at  the  time  of  our 
visit  a  battery  of  al>out  forty  Leydcn  jars  was  connected  in  parallel  with  the  sec* 
ondary  terminals.  The  extremely  brilliant  spark,  perfectly  adapted  for  spectro- 
scopic work,  was  attended  by  a  deafening  rattle.  We  had  the  pleasure  of  exnmtn* 
ing  some  of  the  pbutographs  of  spectra  under  a  microscope,  but  no  testimony  is 
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necessary  as  to  the  sharpness  of  the  original  negatives  when  such  excellent  defini- 
tion is  retained  in  the  maps  after  a  nearly  nine-fold  enlargement. 

The  photographs  have  been  very  creditably  reproduced  b^'  the  Direct  Photo- 
Engraving  Co.,  the  Collotype  process  being  employed. 


Appointment  of  Sir  Robert  Ball  as  Professor  Adams'  Successor  at  Cambridge.— 
Though  we  are  [>erhaps  straying  without  our  proper  domain  of  astro-physics,  we 
must  allow  ourselves  the  pleasure  of  congratulating  Sir  Robert  Ball  on  the  well- 
dcscrved  honor  conferred  upon  him.  The  Lowndean  Professorship  is  for  Astron- 
omy and  Gcometrj',  but  we  unite  with  the  Editors  of  the  Observatory  in  the 
hope  that  the  Cambridge  Observatory  will  be  put  into  the  same  efficient  hands, 
that  it  may  once  more  attain  the  imjjortant  position  which  its  relation  with  the 
University  calls  upon  it  to  occupy. 

Recent  Publications.— We  have  received  a  number  of  important  publications, 
some  of  which  we  should  be  glad  to  refer  to  more  at  length,  but  lack  of  space 
makes  it  impossible  to  mention  more  than  the  titles  at  present.  They  are  as  fol- 
lows : 

Washington  Observations,  ISH 7;   .\ppendix   1,  A  Report  upon  some  of  the 
Magnetic  Observatories  of  Europe;  Appendix  2,  Magnetic  Observations  at  the 
U.  S.  Naval  Observatory  (1890):   Appendix  3,  Meteorological  Observations  and 
Results  at  the  U.  S.  Naval  Observatory  (1883-1887). 
Publications  of  the  Lick  Observatory,  vol.   I.  (1887). 

Lunar  Radiant  Heat,  Measured  at  Birr  Castle  Observatory,  During 'the  Total 
Eclipse  of  Jan.  28,  1888.    By  Otto  B<cddicker. 

Transactions  of  the  Astronomical  and  Physical  Society  of  Toronto.     (1891). 

Pnblicationen  des  Astrophysikalischen  Obscrvatoriums  zu  Potsdam.  (No. 
28):    Beobachtungen  des  Planeten  Mars,  von  O.  Lohse. 

The  Total  Ecli|>se  of  the  Sun,  Jan.  1.  1889.  X  Report  of  the  Observations 
made  In-   the  Washington  University  Eclipse  Party. 

A   Mechanical   Theory  of  the  Solar  Corona.     By  J.  M.  Schaebcrlc. 

Hxerdses  in  Connection  with  the  Presentation  of  the  Ladd  Observatory  to 
Brown  I'niversitv. 
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PLANET  NOTES  FOR  MAY. 

Mercury  will  l)e  "  morning  star"  during  May.  He  will  l)e  at  greatest  elonga- 
tion, 25'  39'  west  from  the  Sun,  on  the  morning  of  May  17;  but  as  he  rises  then 
only  40™  earlier  than  the  Sun  there  will  be  little  opportunity  for  observation. 

Venus  will  continue  to  increase  in  brilliancy  during  May  and,  also  increasing 
in  declination,  will  l^e  better  situated  for  observation  than  in  the  preceding 
month.  The  phase  changes  from  gibbous  to  crescent,  the  illuminated  portion  of 
the  disk  being  0.498  on  May  1  and  0.298  on  May  30.  During  these  two  months 
of  April  and  May,  if  ever,  we  ought  to  be  able  to  see  the  markings  of  Venus'  sur- 
face and  decide  the  question  of  her  rotation. 

Venus  will  be  in  conjunction  with  the  Moon,  1^  53'  south,  May  29,  1  a.  m. 

Mars  is  a  morning  planet,  visible  in  the  south,  almost  on  a  parallel  with,  and 
a  considerable  distance  east  of,  the  red  star  Antares.    The  two  are  of  almost  the 


same  brilliancy  and  color.  The  low  altitude  of  Mars  renders  obaervations  of  his 
surface  details  difficulty  yet  under  these  unfavorable  circumstances  the  principal 
markings  can  easily  be  seen.  The  phase  of  Mars  is  gibbous,  0.875  of  the  disk  be- 
ing illnrainated  on  May  1.  Mars  will  be  in  conjunction  with  the  Moon,  3*^05' 
north,  May  17  at  noon, 

Jupiter  is  also  a  morning  planet  and  may  be  seen  in  the  east  an  hour  before 
sunrise. 

There  is  an  interesting  paper  on  *'  recent  discoveries  on  Jupiter"  by  C.  Plam^ 
marion,  in  the  March  number  of  UAstronomie,    It  is  iilustrated  by  copies  o\ 
drawings  made  during  the  past  opposition  by  Messrs.  Tcrby  and  Comas  in 
France. 

.Satiirn  will  be  in  excellent  position  for  observation  in  the  early  evening  dur-j 
ing  May.  He  is  in  the  western  part  of  the  constellation  Virgo»  about  half  waj 
between  Spka  and  the  familiar  group  of  stars»  The  Sickle,  in  Leo  (see  chart  pj 
81),  He  is  moving  very  slowly  westward^  will  l>e  stationary'  May  25,  aftc 
which  be  will  move  eastward,  Saturn  will  be  in  conjunction  with  the  Moon,  2^ 
south,  on  May  6  at  6  p.  m.  The  rings  are  very  nearly  edgewise  to  us;  the  mini- 
mum apparent  width  will  l^e  reached  during  the  latter  part  of  May,  when  it  w^ll 
be  only  0.25". 

Uranus  is  a  little  farther  east  than  Saturn  (see  chart  p.  SI)  in  the  eastern 
part  of  Virgo  near  the  star  L  The  month  of  May  will  be  perhaps  the  best  in  the 
year  for  observations  of  this  planet.  There  will  be  an  occultation  of  I'ranus  by 
the  Moon  on  the  morning  of  May  10  which  will  be  visible  only  in  the  western 
half  of  the  United  States. 

We  would  call  attention  again  to  the  occultation  of  Uranus  on  the  night  of 
April  12  between  10  p,  m.  and  1  a.  m*  central  time,  and  hope  that  many  observa- 
tions of  this  rare  phenomenon  may  be  obtained* 

Neptune  will  Ije  in  conjunction  with  the  Stin  May  29  and  so  cannot  l>c  seen 
during  this  month. 

We  have  made  many  attempts  during  the  past  opposition  to  discern  mark* 
ings  on  the  surface  of  this  planet,  using  the  16-inch  refractor  of  Goodsell  Observa* 
:>ry,  but  have  been  unsuccessful.  On  each  occasion  of  excellent  seeing,  the  planet 
ftppearcd  at  first  look  to  be  ver>'  slightly  elongated,  the  direction  of  elongation 
being  about  50°  of  position  angle  j  but  we  never  could  be  certain,  after  pro- 
^.tracted  examination,  varying  eye-pieces  and  position  of  eyes,  of  this  elongation- 
It  seemed  also  as  if  the  planet  were  encircled  by  a  whitish  equatorial  belt  in  the 
"same  position  angle,  which  belt  may  have  contributed  to  the  impression  of  elon- 
gation. 

MERCURY. 

Date  R.  A.  Decl,  Rises.  TronBtU.  ScU. 

1892,  hm  ^'hm  hm  hro 

May  5 1  33.7   +  7  10    4  06  a*  M,   10  37,6  A.  M,    5  09  p.  M, 

15 1  56.0   -I-  8  18    3  44  '*     10  20.6  **      4  57  * 

25 2  38,7   +  12  21    3  31  "     10  23.9  "      5  17  * 

VENUS. 

May  5 6  05.2   +  26  54    7  05  a.m.    3  08.3  p.  U,   11  12  p.  M* 

15 6  44,2   -f  26  20    7  06  '*  3  08.0  *»     11  10 

25 7  17.0   +25  20    7  07  "  3  01.5  *•     11  56 

MARS. 

May  5 20  07.2   —21  54   12  41  a.  u.    5  12.0  a.  ic.    9  43  a.  M. 

15,.«.*20  27,3   —21  17   12  19  **      4  52.7  "      9  27  ** 
25 20  47.0   —20  40   1152  P.M.    4  29.2  "     9  06 


Current  Celestial  Pbeuomena, 


339 


Date  R.  A. 

1892.  h     m 

May     5 0  44.4 

15 0  52.4 

25 1  00.0 

Mav     5 11  40.5 

15 11  39.6 

25 11  39.2 

Mav     5 14  05.9 

15 14  04.4 

25 14  03.0 

Mav     5 4  25.4 

15 4  27.0 

25 4  28.5 

Mav    5 2  52.8 

15 3  31.9 

25 3  51.8 


Decl. 

o 

+  3  33 
-H  4  23 
-H    5  09 


+  4  46 
-H  4  50 
-f    4  50 

—  12  13 

—  12  05 

—  11  58 


+  20  8 
-f-20  12 
+  20  15 


+  16  32 
+  19  06 
+  20  11 


JUPITER. 
Rises, 
h     m 

3  32  A.  M. 
2  57     ** 

2  22     ** 

SATURN. 

2  21  p.  M. 
1   40     *• 
1  00     *' 

URANUS. 

5  53  P.  M. 

5  12     *• 

4  31     *' 

NEPTUNE. 

6  01  A.  M. 

5  23     *• 
4  45     " 

THE  SUN. 

4  44  A.  M. 
4  32     •• 
4  27     " 


Transits, 
h       m 

9  49.0  A.  M. 
9   17.5     ** 

8  45.8     " 


8  42.8  p.  M. 
8  02.5     " 
7  22.8     " 


11   07.8  p.m. 
10  26.9     ** 
9  46.2     ** 


1   29.0  p.m. 
12  51.2     " 
12  13.5     " 


11   56.5  a.m. 
11  56.2     »• 
11   56.8      * 


Sets, 
h    m 

4  06  P.  M. 
3  38     " 
3  10     " 


3  05  a.m. 
2  25    *• 
1  45    " 


4  22  a. 
3  42  * 
3  02     * 


8  57  p.m. 
8  20     " 
7  42     " 


7  09  p.  m. 
7  20     " 
7  26     " 


Mr.  Marth*8  Ephexnerides  of  the  Satellites  of  Saturn. 
[From  Monthly  Notices,  Nov.  1891. J. 
In  this  table  the  times  have  been  chang^ed  from  Greenwich  Mean  Time  to  Central  Stan> 
dard  Time.  The  abreviations  Rb.,  Te.,  Di.,  En.,  and  Mi.,  stand  for  the  names  of  the  satel- 
lites Rhea,  Tethjs,  Dione,  Enceladns,  and  Mimas.  The  letters  a,  b,  c,  d,  and  e,  stand  for 
conjanctions  of  the  satellites  in  order  as  follows :  With  the  preceding  end  of  the  outer 
rinsr;  with  preceding  end  of  planet's  equatorial  diameter;  with  center  of  planet;  with  fol- 
lowing end  of  planet's  diameter;  with  following  end  of  ring.  The  letters  n  and  a  si^rnify 
that  the  satellite  at  the  time  of  conjunction  is  north  or  south  of  the  point  designated  by 
the  preceding  letter:  Sh.  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian 
of  the  planet;  Eel.  D.  and  Eel.  R.,  the  disappearance  and  reappearance  of  a  satellite  at  be- 
ginning and  end  of  on  eclipse. 


April  1^2. 

M 

>ril  1S92. 

16  l:!.l  a  m 

En  es 

11.9           Rh  ds 

2.3 

Died 

20 

2.S  am  En  es 

3.0  pm 

Tebs 

3.8           Rh  bH 

4.« 

En  an 

20 

3.3  p  m  Titan  bu 

4.« 

Mien 

4.4           Ml  es 

9.0 
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Minima  of  Variable  Stars  of  the  Algol  Type. 
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R.  A 
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+  81°  17' 
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May     1 
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5  a.m. 

14 

5    " 

19 

5    " 

24 

4    *• 

29 

4    •* 

S  ANTLI^. 
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13     10    '* 

20        9    •* 
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10        <>  A.  M. 

17        4    " 

24        2     ** 
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CYGNI. 
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Occultations  of  Stars  by  the  Planets. 

STARS  NEAR  VENUS. 
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Occultations  Visible  at  Washington. 

IMMERSION  EMERSION 

Date  Star's  Maffni-    Washing-     Angle  Washing-    Angle 

1892.  Name.  tude.       ton  ii.  T.    f  m  N  pt.   ton  u.  T.  f  m  N  pt  Duration. 

hm  °  hni  °  hm 

Mav    1    cGcminorum 6       10    22         47  10    50       346  0    28 

'  13    AOphiuchi 5  9    22       149  10*16        253  0    54 

13    38  0phiuchi 7        10    23        119  11    39       282  1    16 

29    /Cancri 6        10    22  86  11    08       808  0    46 

Phases  and  Aspects  of  the  Moon. 

Central  Time, 

d  h    m 

First  Quarter May     3  1  12  p.  m. 

Apogee **       8  11  18  p.  m. 

Full  Moon "     11  4  59  p.m. 

Last  Quarter "     19  8  53  a.m. 

Perigee **     24.  10  30  a.m. 

New  Moon **     25  11  49  p.  M. 


The  Great  Stm-Spot. — The  great  Sun-spot  group  of  February  reappeared  on 
the  east  limb  of  the  Sun  about  March  3.  Our  first  photograph  was  obtained 
March  5.  The  group  was  so  changed  as  to  be  unrecognizable,  there  being  but 
four  rather  inconspicuous  spots,  surrounded  by  a  large  area  of  brilliant  faculse 
On  subsequent  dates  one  of  these  spots  developed  so  that  it  was  quite  conspicu- 
ous. It  had  two  uinbnc  somewhat  like  the  principal  ones  in  February.  They 
changed  considerably  from  day  to  day  and  it  was  impossible  to  identify  them 
^i-ith  certainty  with  the  two  spot  centers  whose  positions  we  determined  in  Feb- 
ruar>'.  The  following  are  the  measures  of  photographs  taken  at  Goodsell  Obser- 
vatorv' : 
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250.4 

—  29.0 
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lo 

1 2 

54 
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II 
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12 

4 
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2SO.O 

-  28.1 

14 

t; 

y.) 

251..) 

-  27..S 

240.2 

-  27.9 

*5 

2 

'^S 

251. u 

-    2S.S 

24V-4 

-  29.1 

Three  New  Asteroids,  Nos.  324,  325  and  326.  A  planet  of  the  llth  magnitude 
was  discovered  by  Palisa  Jit  Vienna  Feb.  'jrt.ryA^'tl  (»r.  m.  t.  :  R.  A.  10**  26'" 
17.4*:  Dccl.  4-  7'  40' 35". 

A  i>lanet  of  the  12th  magnitude  was  discovered  by  Wolf  at  Heidelberg  March 
18.404S:  K.  A.  11»'  00"'  40.6';  Dccl.  —  4    41-'  41)". 

A  planet  of  the  llth  magnitude  was  discovered  by  Palisa  at  Vienna  March 
19.31MK):  K.  A.  t:V'  27"'  Or>.0-;  Dccl.  -f  9'  •">:/  00".  Daily  motion  west  If/,  south 
3'. 

Hew  Asteroid  No.  327— A  planet  of  the  l.'Uli  magnitude  or  fainter  was  dis- 
covered by  Charlois.  at  Nice.  March  22.3100:  R.  A.  12»'  41"'  13.3»; 
I)ccl.  —  7'  ir»'  20";     Daily  motion  l.V  west.  3'  north. 

Professor  J.  K.  Rees'  Astronomical  Lectures.— Professor  Kecs  of  Columbia 
College,  New  York  City  has  recently  delivere*!  a  course  of  lectures  on  Astronomy, 
at  Yonkers,  N.  Y.,  of  which  the  daily  pajK^rs  of  that  city  si)eak  very  favorably. 
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March  has  been  the  banner  month  for  discovery  so  far  this  year.  Four  new 
asteroids  and  two  new  comets  have  been  discovered  and  Winnecke's  periodic 
comet  has  been  rediscovered  at  its  sixth  (observed)  apparition. 


Discovery  of  Comet  b  1892  (Swift),  On  the  morning  of  March  7,  at  5**  10" 
while  seeking  for  comets  with  my  +Virinch  telescope,  I  ran  upon  what  at  fir«t  ^ 
sight,  from  its  general  appearance,  I  was  sure  was  a  comet.  After  some  unusual 
delay,  the  16-inch  glass  was  turned  on  the  object,  but  advancing  daylight  pre* 
vented  the  getting  of  its  place  vrith  desired  accuracy.  Fortunately  I  had  at 
3  o'clock  set  my  automatic  R.  A.  circle  to  the  R.  A.  of  the  meridian,  and  the  fol- 
lowing is  the  position  read  from  it:  IS*"  59%  the  Dccl.  circle  recording  —  30°  20'. 
It  is  possible  that  it  is  Brook's  comet  of  1886,  though  its  great  southern  declina* 
tion  and  its  brightness  both  argue  against  the  supposition.  For  a  telescopic 
comet  it  exceeds  in  size  and  brilliancy  any  I  havecver  seen,— Astronomical JouruRl 

No,  258.  LEWIS  SWIFT. 

Mr.  Barnard  writes  that  this  comet  is  easily  visible  to  the  naked  eye  even  in 
full  moonlight.  At  Northfield  wc  obtained  observations  of  its  position  on  the 
mornings  of  March  8,  14,  16,  and  21  but  did  not  try  to  sec  it  without  the  tele- 
scope. There  has  been  very  little  change  in  brightness.  The  nucleus  became  in- 
visible each  morning  at  almost  exactly  6  o*clock  central  time  or  5^47""  local  time. 
The  coma  was  brightest  on  the  sunward  side  and  there  was  a  trace  of  a  **  fan.** 
The  tail  was  broad  and  about  1**  in  length. 

The  following  observations  arc  at  hand  : 
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Wilson,  1892  Mar.    8.0005 
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Elements  of  Comet  b  1892  (Swift) — Preliminary  elements  have  been  calculated 

by  Rev.  Geo.  M.  Searle,  of  the  Catholic  University  at  Washington,  and  by  Miss 

F,  E.  Harpham  and  Mr.  A.  G.  Sivaslian^  students  in  Goodsell  Observatory; 

Searle.  Harpham  and  Sivaslian. 

T  =:  1892,  April  26.99  Gr.  M.  T.  1892.  April  7.74  Gr.  M.  T, 

(D=    81=33')  26°  09' 

U   =  237  34  i  1892.0  240  55  ^  1892.0 

J   =    64    29  )  38    54 

q  =0.5891  1.0185 

Mr.  Searie'a  elements  depend  upon  the  observations  of  Barnard  March   8, 

Frisby  March  11,  and  one  by  himsell,  March  12;  those  by  Miss  Harpham  and  Mr. 

Sivaslian  depend  upon  the  observations  by  Barnard,  March  8,  and  Wilson p  March 

13  and  15.    These  latter  elements  represent  the  observations  fairiy  wclb 


Re-discovery    of  Winnecke's  Feriodic    Comet,— This  comet  was  observed   at 
Vienna  March  18.4041  in  R.  A.  12''  43"  27\  5;  Decl,  +  30^  35'  38".    The  correc-  I 
lions  to  the  ephemcris  given  in  the  February  number  of  Astrcjnomv  and  Asrico- 
Fhvsics  arc  thus  — V  in  R.  A,  and  -^  9.8'  in  Decl.    We  have  looked  for  this  comet 
twice*  since  Its  discovery,  with  tlic  16-inch  telescope  but  were  unable  to  see  it. 


Coio^i  Aaces. 
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bkUifitj  of  OOBtt  d  1891  (Daminf  ).->A  very  fiunt  comet  was  diacovcred  by 
t)aiiiii«  in  Bagbmd,  March  18.500  in  R.  A.  23^  44» ;  Dcd.  59<»  00".  Its  daity 
motion  was  stated  as  north  preceding,  SO'.  Thiscomet  wasobsenred  by  Spitaler 
at  Vienna,  March  19.4338;  R.  A.  22^  46-  47.1*;  Ded.  +  59^  ir  43".  Cloody 
weather  pie^euted  ns  from  looking  for  this  comet  until  March  24,  when  we  failed 
to  find  it. 
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Search  Ephemeris  for  Comet  Brooks,  1 886  IV. 

[From  Astr.  Nach.  3064.  continned  from  pa^  251.] 

Perihelion,  March  1.  Perihelion,  March  31. 
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Bronea's  Comet. — In  reply  to  Dr.  Lamp's  request  to  forward  the  publications 
^^f  the  results  of  my  work  on  the  orbit  of  Brorsen's  comet,  I  would  say  that,  at 
T^resent,  my  computations  are  not  finished,  but  as  soon  as  they  are,  I  shall  Ixr 
pleased  to  forward  them  for  publication.  GEO,  k,  HH 
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Elements  and  Ephemeris  of  Comet  b  189a  (Swift).— The  following  elements  and 
ephemeris  of  Swift's  comet  were  computed  by  Mr.  A.  G.  Sivaslian  and  Miss  F. 
E.  Harpham.  The  observations  used  were  those  by  Barnard,  March  8,  and  Wil- 
son, March  13  and  20. 

Elements. 
T  =  April  6.6868  Gr.  m.  t.  Middle  Place 

ft  =  265°  29'  00")  d\  cos  /ST  =  —  5" 


«  =    24    35  20    L^_  _„,_  ,^^^  ^  dfi  =  -r' 

1  =    38    40  43  J 


Q 


=  240   35  40    f  Mean  equinox  1892.0 


log  q  =  0.01 1252  q  =  1.02625 

The  equatorial  co-ordinates  are  given  by  the  following  equations : 

x=r  [9.923121]  sin  (349°  05'  41"  +  v) 
y=r  [9.9997811  sin  (257  54  19  +  v) 
z  =r[9.737957J  sin(345    06  41    +  v) 

The'comet  is  moving  north  and  east  and  will  reach  its  maximum  brilliancy 
early  in  April.  It  ,will  continue  to  be  visible,  in  the  morning  sky,  through  May 
and  June. 
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NEWS  AND   NOTES. 

The  pressure  upon  us  for  space,  this  month,  has  led  to  an  additional  form  of 
16  pages  in  the  present  number.  The  four  plates  accompanying  important  arti- 
cles are  fine  and  helpful  illustrations. 

Subscribers  and  correspondents  are  requested  to  notice  especially  the  an- 
nouncements that  are  made  on  the  last  page  of  these  notes.  Careful  attention  to 
the  directions  there  found  will  materially  aid  all  i«terested. 


United  States  Naval  Observatory.— We  have  been  much  interested  in  the  steps 
of  progress  taken  during  the  last  sixty  days,  pertaining  to  a  change  in  the  man- 
agement of  the  United  States  Naval  Observatory.  To  this  end  bills  have  been  in- 
troduced into  both  branches  of  Congress,  urging  that  the  name  of  the  Observa- 
tory' be  changed,  and  that  the  superin tendency  of  it  be  placed  in  the  hands  of  a 
skilled  practical  Astronomer.  In  support  of  this  movement  other  useful,  general 
work,  in  scientific  circles,  is  going  forward  with  perfect  unanimity. 


The  Harvard  College  Observatory  Time  Service.— Not  long  ago,  Professor  E.  C. 
Pickering,  Director  of  Harvard  Cttllege  Observatory,  published  a  brief  historical 
statement  of  the  Time  Service  of  the  Observatory  which  has  l)een  in  ojxrration 
since  1856.  From  this  review  of  the  work  of  that  Observatory  an  extract 
is  taken  to  show  how  other  Observatories  have  suffered  in  a  much  greater  degree, 
at  the  hands  of  ambitious  Government  officers  aided  by  a  single  commercial 
coqjoration : 

"One  of  the  greatest  advantages  of  the  time-service  to  the  Observator\'  has 
l^een  that  it  kept  Inrfore  the  public  the  practical  value  of  astronomical  work. 
M.iny  thousands  of  |)ers<)ns  who  take  no  interest  in  work  of  a  purely  scientific 
character  recognize  the  great  financial  value  to  the  public  of  an  accurate  system 
r.f  time.  The  Observatory  desires  to  confer  this  iKMiefit  on  the  public, and  it  would 
Ix- ready  to  do  so  even  at  a  financial  loss.  Hot  recently  the  time-signals  of  the 
I'nited  States  Naval  Observatory  have  lx*en  offered  t«)  the  public  at  very  low 
rates,  through  the  Western  I'nion  Telegraph  Company.  This  can  the  more 
readily  l)c  done  since  the  exjK'nse  of  furnishing  the  time  is  borne  by  the  i)eople 
throutih  a  govtrnment  api>ropriation.  while  the  company  has  the  largest  facilities 
f<»r  the  maintenance  <if  telegrapliic  connections.  The  Harvard  College  Observa- 
tory is  therefore  relieved  ot  this  duty.  If  the  ])ublic  is  to  \>c  the  gainer,  signals  of 
e<iu(d  accuracy  and  continuity  must  Im*  furnished,  rnfdrtimately,  signals  sent 
to  a  great  distance  are  liable  to  frecjuent  interruptions  from  trouble  with  the  tele- 
gra]»h  lines,  and  therefore  secondary  clocks  must  be  used  in  each  large  city  if  con- 
tinuous signals  are  Ut  Ih*  distributed.  These  clocks  must  be  constantly  compared 
and  corrected  if  great  accuracy  is  to  he  attained,  and  it  is  still  a  (juestion  whether 
satisfactory  results  can  \ye  secured  outsi<le  of  an  Astronomical  (^l>servatory.  H 
the  results  prove  unsatisfactory,  however,  the  resjjonsibility  for  trying  the  experi- 
ment will  not  rest  uiM)n  this  Observatory." 

*'  In  view  of  the  facts  stated  above,  it  has  been  decided  to  disconiinnc  the 
time-signals  furnished  by  this  OI>servat()ry  after  Marcli  31.  ISDU.  .\n  earlier 
date  would  have  been  selected,  but  for  the  desire  to  give  our  subscrilK*rs  sntFicient 
time  to  make  other  arrangements  for  securing  signals." 

Ifoueot  the  most  able  and  judicious  astronomers  in  .Vmcrica,  who  stands  at 


tfie  head  of  one  of  the  greatest  Astronomical  Observatories,  spenks  out  thus' 
frankly  and  forcibly  for  csuse^  what  could  others  say  who  arc  in  charge  of  smaller 
Ol>servatories  and  who  have  depended  chiefly  on  local  support  for  their  scientific 
work,  if  they  cared  to  make  their  views  known  ? 


The  New  SUr  in  Auriga  Disappearing.— The  new  star  is  going  the  way  of  all 
temporary  stars.  It  is  invisible  with  an  opera -glass  or  small  telescope.  On  a 
photograph  taken  at  Goodsell  Observatory,  Mfirch  23,  with  a  camera  and  2^*i 
inch  Darlot  lens,  exposure  30  minutes,  the  star  made  no  impression  whatever. 

Mr,  Thomas  D.  Andersofi,  the  discoverer  of  this  star,  has  written  the  follow 
ing  letter  which  was  published  in  NAtttre,  Feb.  18, 1892: 

**Pror  Copcland  has  suggested  to  me  that,  as  I  am  the  writer  of  the  anony- 
mous postcard  mentioned  by  you  a  fortnight  ago,  I  should  tell  your  readers 
what  1  know  aljout  the  Nova. 

*'lt  was  ^Hisiblc  as  a  star  of  the  fifth  magnitude  certainly  for  two  or  three  days 
very  probably  even  for  a  week, before  IVof.  Copcland  received  my  postcard.  I  ami 
almost  certain  that  at  2  oViock  on  the  morning  of  Sunday,  the  24-th  ult..  I  saw 
a  fitth  magnitude  star  making  a  very  large  obtuse  angle  with  /?  Tauri  and  x  Au- 
r\gx,  and  I  am  positive  that  1  saw  it  at  least  twice  subsequently  during  that 
week.  Unfortunateh%  I  mistook  it  on  each  occasion  for  26  Aurig^e,  merely  re- 
marking to  myself  that  26  was  a  much  brighter  star  than  I  used  to  think  it. 
It  w^as  onl_v  on  the  morning  of  Sunday,  the  31st  ult,,  that  I  satisfied  myself  that 
it  was  a  strange  body.  On  each  occasion  of  my  seeing  it,  it  was  slighth^  brighter 
than  X-  How  long  before  the  24th  ult.,  it  was  visible  to  the  naked  eye  I  cannot 
tell,  as  it  was  many  months  since  I  had  looked  minutely  at  that  region  of  the 
heavens. 

"You  might  also  allow  me  to  state  for  the  benefit  of  your  readers  that  m5* 
case  is  one  that  can  afford  encouragement  to  even  the  humblest  of  amateurs. 
My  knowledge  of  technicalities  of  astronomy  is,  unfortunately,  of  the  meagerest 
description;  and  all  the  means  at  my  disposal  on  the  morning  of  the  Slst  ult,, 
when  I  made  sure  that  a  strange  body  was  present  in  the  sky,  were  Klein's  "Star 
Atlas/*  and  a  small  pocket  telescope  which  magnifies  ten  times/*         ti.  c,  w. 


Astronomical  and  Physical  Society  of  Toronto.— A  copy  of  the  Transactions  of 
this  Society  for  the  year  181)1 ,  has  recently  been  sent  us  through  the  kindness  of  the 
corresponding  Secretary,  Mr.  Lumsden.  This  is  a  neatly  printed  volume  of  80 
pages,  with  a  lithographed  drawing  of  Jupiter  as  frontispiece.  The  list  of  papers 
read  at  the  meetings*  abstracts  of  which  are  given  for  the  most  part,  shows  that 
the  people  of  Toronto  afe  very  much  interested  in  astronomy  and  ph^'sics  and  arc 
doing  creditable  work.  At  the  end  of  the  volume  is  a  list  of  the  pnncipal  sidereal 
phenomena  for  the  year  1892.  R,  C.  W, 


On  the  PosaihUity  of  seeing  Meteors  from  Comet  t88s  I.— Permit  me  to  call  at- 
tention to  the  fact  that  the  Earth  passes  near  the  ascending  node  of  comet  1882 
1  on  April  15.  the  approach  being  a  rather  unusually  close  one.  The  Barth  passes 
outside  the  ci»mets'  nude  b^'  0.03  of  the  Astronomical  unit,  or  about  3  million 
miles.  This  comet  was  n  bright  and  large  one,  and.  allowing  for  the  lateral 
spreading  of  meteors  in  their  orbits,  it  is  quite  possible  that  the  Earth  might  at- 
tract some  of  them  into  its  atmosphere.  The  radiant  ptiint  is  356,9^  in  R,  A. 
and  — 14.^4  in  Dccl.  o.  c,  wexdell. 

Harvard  College  Observatory,  March  21. 1892. 
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Diftribiitkm  of  tlie  noon's  HoAt.— The  February  number  of  the  Monthly  Notices 
of  the  Royal  Astronomical  Society  is  an  excellent  one.  It  gives  this  favorable 
summary  to  Professor  Very's  recent  researches  on  the  distribution  of  heat  on  the 
Moon's  surface:  "The  maximum  for  light  is  more  pronounced  than  that 
of  heat,  so  that  the  visible  rays  form  a  much  larger  proportion  of  the  total 
radiation  at  the  full  than  at  the  partial  phase.  Next,  the  heat  areas  are 
eccentric,  having  their  greatest  extension  towards  the  west ;  the  diminution  of 
the  heat  in  the  third  quarter  of  the  lunation  is  slower  than  its  increase  in  the 
second,  and,  lastly,  there  is  a  fair  agreement  between  Mr.  Very*s  results  and 
those  of  Lord  Rosse,  although  so  differently  obtained.  Thus  the  result  of  Dr. 
Copeland  obtained  in  1870,  that  the  greatest  heat  was  attained  before  the 
fall,  is  confirmed  by  the  present  series  of  observations." 

"  Mr.  Very*s  researches  open  a  new  field,  as  previous  investigations  have  dealt 
with  the  radiation  of  the  Moon  as  a  whole,  whereas  his  method  deals  with  that 
from  numerous  small  portions  of  its  disc  under  various  conditions  of  phase,  thus 
affording  much  additional  information  of  a  kind  entirely  new.'* 


Strassmaier  and  Spping's  Researches  on  Babylonian  Astronomy.— In  the  last 
nomber  of  Moatbfy  Notices  will  be  found  an  account  of  the  labors  of  Strassmaier 
and  Epping  in  deciphering  the  Assyrian  texts  pertaining  to  Babylonian  Astron- 
omy. The  labors  began  more  than  ten  years  ago,  and  the  results  already  reached 
have  established  in  great  measure  the  system  of  astronomy  of  the  Babylonians 
regarding  their  method  of  calculating  and  predicting  the  new  Moon,  the  deter- 
mination of  the  dates  of  the  era  of  the  Seleucidse  in  Julian  style,  the  explanation 
of  the  hmar  and  planetary  calendars,  the  mode  of  prediction  used  therein  and  the 
publication  of  several  lunar  and  planetary  tables  of  observation.  Under  the  head 
of  chronological  results  the  following  facts  are  given : 

"  The  commencement  of  the  eras  of  the  Seleucidse  (S.  E.),  and  of  the  Arsacid^ 
have  been  fixed  with  a  certainty  which  is  based  upon  the  calculation  of  eclipses 
contained  in  the  Lunar  Calendars.  The  years  of  the  Seleucidaean  eras  were 
luni-solar ;  their  months  lunar,  sometimes  of  thirty,  at  others  of  twenty-nine, 
days.  They  employed  intercalary  months,  but  according  to  what  law  is  yet  un- 
known. The  year  commenced  with  the  month  Nisan,  which  fell  about  the  spring 
equinox.    The  dye  following  dates  have  been  determined  by  Epping: 

1  Nisan  188  S.  E  =  April       4  —  123  J.  E. 
••       189    **     =March25  — 122    '* 
'•       190    •*     =  April      12  —  121     ** 
•*       201     •»     =      •'         10—110    ** 
•'       202    "     =  March  30  —  709    ** 

Hence  the  Seleucidsean  era  began  in  the  year  —  310  of  the  Julian  era,  and  that 
of  Arsacidae  in  the  year  —  24G.  The  civil  day  of  the  Babylonians  began  at  sunset, 
and  the  division  of  the  day  into  twenty-four  hours  was  in  use  among  them.  But 
their  astronomers,  as  is  evident  from  the  calculafing  tables,  besides  using  a  divi- 
sion of  the  day  into  360  time-degrees,  referred  its  commencement  to  the  midnight 
following  the  beginning  of  the  civil  day.'* 

The  entire  account  indicates  that  these  men  are  engaged  in  the  successful 
prosecution  of  a  most  useful  piece  of  scientific  work. 


M.  Camille  Flammarion's  Popular  Lectures  in  Paris.— By  kindness  of  American 
friends,  resident  in  Paris,  we  have  been  favored  with  copies  of  the  New  York 
Hcraldi  Paris  edition)  containing  brief  accounts  of  the  popular  lectures  on  Astron- 


omy  recently  givcti  by  the  distinguished  M.  Camillc  Flamnianon  in  that  cm'. 
Two  themes  of  his  latest  lectures  were  **  Amon^  the  Stars"  and  •'The  End  of  the 
World.*"  The  Herald*s  nccoimt  of  the  last  is  graphic  indeed,  nod  would  be  re- 
peated here  somewhat  at  length,  if  we  could  be  sure  that  the  reporter  had  cor- 
rectly stated  Flanimarion's  views.  His  references  to  Christ's  sayings  about  the 
end  of  the  world  are  noteworthy.  There  is  Init  one  quoted  passage  in  this  re- 
view. It  is  as  follows:  •*!  believe/'  said  Flammarion,  'that  life  is  eternal,  and 
as  the  world  had  a  commencement  so  I  expect  that  it  will  hav^e  an  end.  The 
transformation  may  come  from  any  quarter.  It  may  as  likely  begin  in  the  middle 
of  the  great  American  continent,  as  in  the  middle  of  the  Atlantic  Ocean,  or  in 
Egypt,  amid  the  Pyramids,  as  the  center  of  England  ;  but  we  scientists  arc  forced 
to  arrive  at  the  conclusion  that  it  will  come  about  in  the  manner  above  dcs- 
CTiK*d." 


note  on  the  Lick  Observatory  Lunar  Photographs,— In  number  16  of  the  Ptibli* 
en  tin  n;^  of  the  Astronomical  Society  of  the  Pacific,  a  letter  from  Professor  Wcinck 
of  Prague,  was  inserted  iDccause  it  afforded  an  ** interesting  proof  of  the  value 
of  the  Lick  Ubservatory  Moon  negatives  when  studied  by  an  eminently  compe- 
tent eye/*  Professor  Weinek  said:  '*Neison  has  erroneously  drawn  the  sm^ll 
crater  which  licsN.  W.  on  the  crater  Thcbit  A  on  the  outer  wall.  According  tck 
the  negative  (of  Aug.  27,  1888)  it  lies  on  the  inner  walL"  That  is,  Professor 
Weinek  means  Neison  has  drawn  the  small  crater  on  tlu^  ^'  VV  .Mtter  wall  of  the 
crater  Thcbit  A. 

As  I  possess  excellent  silver  prii>ts  from  the  negatives  mi  Aug.  15  and  27, 
188H,  I  have  examined  them  and  also  Neinon's  map  for  this  small  crotcr  and 
have  found  ihnt  it  doesn't  exist.  Neison  certainly  shows  no  such  formation  ;  Eri- 
denlly  Professor  Weinek *s  ** eminently  conifictent  eye'*  was  somewhat  at  fnuU 
this  time.  But  N.  W.  of  Thebit  A  Neison  hiis  drawn  a  small  crater  on  the  nuter 
wall  ol  Thebit*  According  to  the  photograph  of  Aug.  15,  this  lies  on  the  inner 
wall  and  in  such  a  manner  that  it  also  must  lie  considered  as  a  feature  of  the 
floor  of  the  crater  (Tbebit).  The  photogr^p'^  ''*  ^- '  -~  tloes  not  show  thi<i 
smivW  crater  at  all. 

I  wish  to  call  attention  to  the  erroneous  wa\  ni  which  Xeisoii,  ni  his  Map 
YI,  has  draw^n  the  crater  Pico  D  with  reference  to  the  three-peaked  mountain 
Pico  R,  The  photograph  of  Aug.  15,  188S,  also  shows  a  very  distinct  crater 
N.  U,  of  Pico  D  which  Neison  docs  not  show  on  this  map.  Yet.  in  Map  |X,  al- 
though these  leatures  are  only  introduced  on  the  margin,  they  are  all  shown  and 
shown  nearly  in  their  correct  relative  posit  ioTis.  A  glance  at  the  photograph  of 
Aug,  15  suffices  to  show  that  Neison's  representation  of  the  ridge,  a  (lortion  of 
which  lies  between  Pico  D  and  B*  in  utterly  worthless  as  regards  detail. 

In  Map  IX.  Neison  draws  two  small  craters  south  of  the  bright  mouittAtn 
Piton.  Both  of  these  are  shown  in  the  photograph  of  Aug.  27,  and  to  the  right 
dif  one  ol  them  (Piton  *r)  by  about  that  crater's  diameter,  I  think  I  detect 
another  crater.    If  so,  it  is  not^hown  by  Neison. 

Another  new  feature  seen  in  the  photograph  of  August  27»  is  a  fine  crooked 
white  Urn  crossing  Pinto  from  X.  E.  to  S.  W.,  a  very  delicate  object  to  the  naked 
eye.  It  ini^ht  be  a  fault  in  the  lunar  surface,  perhaj»s,  1  also  see  a  narrow  white 
line  beginning  at  the  mountain  Plato  Pi  and  extending  N.  E*  until  it  just  skirts 
the  north  side  of  the  crater  Condamine  B  and  passes  Ix^yond.  The  nature  of  thia 
I  am  unable  to  guess,  unless  it  is  a  defect  in  the  photograph.  These  fieature*  nrt 
only  referred  to  herein  order  that  they  may  receive  projier  attention  and  study 
from  !^onie  fKrrsim  with  an  ** eminently  com|>etent  eye.''  rqoer  ^pbagte* 

Ikrkelcy.  California,  Feb.  20,  1892. 
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Note  on  Double  Start. 
5  Aurign  =:^  Oii  545  is  iiiHloabUryy  binary. 
The  foHawing  arc  recent  uit-iisures: 

A  AXt>  II 


1892.164 
.167 

349*».0              2" 

349  .1               2 

AandC 

.59 
.35 

3- 
3- 

-8 
•8 

1892.167 
.184 

292  .9            46 

293  .4             46 

.11 
.59 

9 
9 

The  following?  arc  previous  n^easures : 

A  andB 

1871.42 
76.45 

78.86 

5°.6              2^.15 
1  .9               2  .17 
5  .8               2  .17 
AandC 

02 
Dc. 

7n 

4i2 

2n 

1852.12 
76.24 
79.41 

290.9               43.27 
292.6              45.17 
293.3               45.51 

02 
Dc 

N. 


The  Greenwich  10  year  Cat.  1880  gives  the  proper  motion  A.  R.  =  -|-  0".0037 
P.  D.  =  +  0".078. 
The  companion  of  2  3002  was  found  to  be  a  delicate  doable. 

A  AND  B 
1890.909  203°.4  4'Ml  8  —  10 

.964  204  .2  3  .83 


Mean 


1890.94 

203 

.8 

B  AND 

C 

3 

.97 

1890.909 

213 

.1 

0 

.60 

.964 

218 

.8 

0 

.75 

10—11 


Mean  1890.94  215    •)  O   .67 

Prof.  S.  W.  Burnham  has  communicated  the  following  measures: 

A  AND  B 
1891.540  201   .3  3   .77  7.8 

3    .80  8 


.562 
.575 


202  .9 
202  .1 


3   .83 


Mean 


Mean 


1891.56 

1891.540 
.c)62 
.575 

1891.56 


202  .1  3  .80 

B  AND  C 

205  .2  0  .75 

214.  .0  0  .75 

213  .6  O  .90 


214  .9 


0    .80 


11  —  11.5 
11  —  11.3 
10—10.8 

10.7  —  11.2 


G.  W.  HOUGH. 


Archenhold's  Bibliography.— In  answer  to  vour  letter  of  Jan.  13, 1  reph'  that 
the  astronomical  bibliography  was  alread\'  begun  in  1889,  and  that  1889  and 
1800  are  almost  complete  except  a  few  English  jjeriodicals  which  were  not  acces- 
sible to  me  at  that  time  in  the  Berlin  libraries. 

The  plan  is  extensive.  Throughout,  there  is  regard  for  what  is  of  interest  to 
astronomers.  With  this  purix)se,  there  are  four  main  divisions:  general,  astron- 
ometrie,  astro-physics  and  astro-mechanics.  These  main  divisions  fall  into  sub- 
divisions, as  follows:  general,  in  40;  astronometrie,  in  82;  astro-physics,  in  98; 
astro-mechanics,  in  32.  In  accordance  with  your  wish,  the  manuscript  of  the 
plan  lies  subject  to  yowr  order. 


The  celebrated  publisher,  Erigelraatin,  in  Leipzig,  after  mature  consideration 
h  as  declared  that  there  is  absolutely  no  profit  in  publishing  the  worki  and  there 
fore  declines  to  undertnkc  it.  In  consequence,  I  negotiated  through  the  astron- 
omical Gescllschaft  with  Professor  Bruns  in  Leipzig  for  the  printing,  and  the 
Gescllschaft  will  be  prepared,  as  soon  as  the  edition  of  the  zone  observations  is 
somewhat  farther  advanced,  to  undertake  the  edition  of  the  Bibliography.  In 
case  it  should  be  necessary,  1  w^ould  willingly  publish  the  Bibliography  qoar- 
terly  instead  of  yearly »  and  it  appears  to  me  not  improbable  tliat  it  will  perhaps 
apl>ear  as  a  supplement  to  your  publication,  Astronomy  and  Astro-Physics.  I 
would  also  in  any  case,  be  prepared  to  furnish  an  abstract  for  your  jouruaL 

My  fa^rther  purpose  is  to  complete  the  Bibliography  backward  until  it  joins 
the  H on zeau- Lancaster,  although  the  tatter  would  be  brought  out  later  than  the 

first.  p.  S.  ARCHbNHOLD. 


Wolsingham  Observatary,— From  the  report  of  1891,  by  T.  E'.  Lsptn,  iJircctor 
of  Wolsinghani  Obscryatf»ry  the  following  paragraph  is  taken: 

'*The  work  of  the  Observatory  has  been  much  the  same  as  in  former  years* 
As  the  Science  of  Astronomy  widens,  the  greater  the  need  of  taking  up  one  special 
line  and  working  steadily  at  it.  The  sweeps  for  stars  of  the  Third  and  Fourth 
Types  have»  therefore,  been  continiied,  and  also  the  rc-obscrvation  of  Red  Stnrs» 
published  in  the  Ked  Star  catalogue.  During  the  year.  120  new  Third  Type 
Stars  have  been  discovered,  and  one  Fourth  Type  Star,  bringing  the  total  to  627 ; 
many  of  them  are  faint  and  difficult  objects  even  with  the  large  light-grasping 
power  of  the  telescoi>e  and  some  doubt  exists  as  to  whether  some  of  them  may 
not  Ije  really  of  the  Second  Ty[3e,  The  year  has  been  an  interesting  one  in  the 
records  of  the  Observatory  through  the  discovery  of  five  variable  stars.  One  is 
particularly  interesting  as  discovering  a  star  of  Burton's,  which  has  long  been 
missing.  Seven  nights  in  the  Autumn  were  given  up  to  the  observation  of  those 
stars  on  Dr.  Wolfs  photos  of  Cygnus,  w^hich  showed  much  discrepancy  in  ma^;- 
nitude  as  compared  with  Argelander.  In  all,  171  stars  were  thus  observed.  As 
some  doubt  ap|>ears  as  to  the  number  of  Red  Stars  in  the  Perseus  Cluster,  it  was 
carelully  examined  in  December,  and  another  Red  Star  added  to  the  received 
number,  making,  in  all,  nine.  The  work  of  the  Observatory  has  been  much  facili- 
tated by  the  generous  gift  of  Argelander's  Charts  by  Mr.  T.  W.  Backhouse.  This 
has  allowed  of  systematic  zone  work,  and  seven  hours  oi  zone  -j-  55*^  bad  been  ex- 
amined by  the  close  of  the  year.  The  charts  were  directly  compared  wHth  the  sk\% 
and  the  stars  which  hiid  anything  remarkable  in  their  spectra  pencil  marked  in 
the  Charts,  thus  saving  the  labor  of  circle  readings,  and  assuring  certain  identifi- 
cation/*   

Hationji  Observatory  at  Athens^ — 1  have  the  honor  to  inform  you  that  the 
Royal  Government  has  placed  me  in  charge  o(  the  National  Astronomical  and 
Meteorological  Obsen'atory  of  Athens. 

The  period  of  rc^organization  which  we  arc  experiencing  does  not  permit  us  at 
present  to  take  the  active  part  which  we  desire  in  the  great  scientific  movement 
in  which  your  celebrated  journal  occupies  so  distinguished  a  place.  But  we  hope 
that  by  means  of  the  improvements  which  we  are  constantly  seeking  in  oar  ser- 
vice, we  will  eoon  be  in  a  position  to  contribute  as  much  as  possible  by  utilinng 
the  beautiful  sky  of  Athens,  to  the  advancement  of  our  science. 

A  regular  publication  of  our  astronomical  and  meteorological  work  is  fomid 
in  the  plan  which  we  hope  to  realize,  and  which  will  enable  us  to  establish  scien- 
tific communications  and  to  follow  the  great  progress  of  our  science. 
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I  hope  that  you  arc  willing  to  materially  aid  us  in  our  labor  by  sending  us 
your  journal.  Our  Observatory  will  be  greatly  favored  if  you  are  willing  to  en- 
rich our  library  by  a  complete  collection  of  the  works  issued  by  you,  and  j-our 
celebrated  journal.  Demetrits  Eginitis,  Director. 


Dr.  BiBddicker's  Drawing  of  the  Milky  Way.— We  have  just  received  a  beauti- 
fally  executed  lithographic  copy  of  a  drawing  of  the  Milky  \Yay  made  by  Dr. 
Otto  Boeddicker,  astronomer  at  the  Earl  of  Rosse's  Obsen-atory  at  Birr  Castle, 
Parsontown,  Ireland.  This  drawing  shows  the  Milky  Way  from  the  north  pole 
to  10®  of  south  declination,  as  it  appeared  to  Dr.  Boeddicker's  eye,  and  shows  a 
wonderful  amount  of  detail.  It  was  begun  in  Oct.,  1 884,  and  required  five  years  of 
very  careful  and  difficult  observation.  The  drawing  could  only  be  made  in  small 
sections,  but  the  sections  were  drawn  repeatedly,  and  varied  in  such  a  way  that 
each  overlapped  several  others,  thus  enabling  the  observer  to  compare  the  scales 
of  light  intensity  of  diflferent  nights.  After  the  whole  visible  galaxy  had  been 
gone  over  thus  in  small  sections,  these  were  combined  into  a  composite  picture  of 
the  whole. 

We  congratulate  Dr.  Bccddicker  on  having  completed  so  successfully  his  long 
and  arduous  task  and  upon  having  his  work  so  skilfully  reproduced,  as  it  has 
been  done  by  Mr.  Wesley.  It  will  be  very  interesting  to  compare  this  work  with 
the  photographic  pictures  of  the  Milky  Way  which  are  being  obtained.    H.  c.  \\\ 

The  Mexican  Meteorites  by  J.  S.  Eastman.— We  have  only  lately-  seen  Profesors 
J.  R.  Eastman's  paper  on  **The  **  Mexican  Meteorites"  which  was  read  before 
the  Philosophical  Society  of  Washington,  D.  C.  Jan.  2,  1892.  It  was  published 
last  month.  In  that  paper  is  a  brief  description  of  tweuty-four  of  these  meteor- 
ites. A  table  showing  the  designation  of  these  masses  and  their  respective 
weights  is  given  below : 

Tabulated  Weights  of  the  Mexican  Iron  Meteorites.      Kilograms, 

1.  The  Bonanza  masses  (estimated  at  least  15  tons) 13,600 

2.  The  Butcher  masses 1.699 

3.  The  Santa  Rosa  mass 63 

4.  The  "Couch"  meteorite 114.3 

5.  The  Fort  Duncan  mass 44.1 

6.  The  Potosi  mass  (estimated ) 91    . 

7.  The  Cerralvo  mass  (estimated) 136 

8.  The  C^as  Grandes  mass  (estimated  at  5.000  pounds). 

9.  The  Centennial  Exhibition  mass,  probably  same  as  No.  8  (esti- 

mated).. .'. 1,134 

10.  The  Presidio  del  Principe  masses,  no  weight  known. 

11.  The  Huejuquillo  masses,  San  Gregorio 11,560 

'*                 Concepcion 3,130 

•*                 Chupaderos 15,600 

9,290 

12.  The  Ranchito  mass,  measures  3.65X20X1,5  meters. 

**      (estimated) 40,800 

13.  The  La  Plata  mass 124.7 

14.  The  Guadalupe  mr.sses 46.4 

15.  TheCacria  mass 41.4 

16.  The  Mezquital  mass 7 

17.  The  Bella  Roca  mass 33 

18.  The  Catorce  masses,  576,  4.5,  41.7  kilograms 622.2 

19.  The  Charcas  mass 780 

20.  The  Zacatecas  mass 907 

21.  The  Toloca  mass  (estimated) 275 

22.  &pecimeiis  from  Los  Amutes  and  Cuemavaca  (no  weight  given).. 

23.  Tbe  Yaohuitlan  mass 421 

24.  The  Caparrosa  mass,  341  grams 0.3 

Total 100,519.4 


Queries  for  Brief  Answers. 
Mjad  in  Ste<fle's  Astronomy,  "It  has  hccn    recently  shown    that  the 
ct|uator  is  not  a  |>cri*ect  circle,  but  is  somewliat  flattened,  since  the  diameter^ 
\%  hich  pierces  the  meridian  14^  east  of  Greenwich  is  two  miles  longer  than  the 
one  at  ri^ht  angles  to  it."     yow  is  this  explained  ?    What  is  the  can&e  ?    M*  ii, 

8.  What  units  oftimc  and  distance  are  used  in  applying  Kepler's  Third  Law 
lo  the  motion  ol  the  Moon  ?  '  E.  c.  E. 

y.  How  can  Newton's^  methodjof  discovering  the  law  of  grnvitation  l>e  exhib- 
ited to  a  class  of  unprofessional  persons?  E.  i„  E. 

Answers  to  Queries* 

Quer\*  No,3  (n,  255),— In  reply  to  the  c|uestion  of  a.  i,  h»,  "'  how  far  ahead  have 
ecli[>scs  been  predicted,  and  where  can  1  obtain  a  list/'  I  would  cull  his  attention 
to  the  ii'Jnd  voL  of  the  Memoirs  of  the  Imix*rial  Academy  of  Sciences  of  Vienna, 
which  is  the  Intc  Professor  A p poller's  great  work  npon  the  past  and  future 
eclipses  of  the  Sun  and  Mocin. 

The  volume  con  tains  the  ncccsvsary  data  lor  predicting  W,OfHi  Solar  and  5,200 
Lunar  eclipses,  and  covers  the  intervals  from  —  I2t>7  to  +2101  or  330 H  years. 
As  this  volume  is  very  valuable,  I  doubt  if  it  will  be  found  in  many  of  the'ltbra* 
riesin  thectmntry. 

We  have  it  in  our  library,  and  if  «.  r  h,  will  address  me  stating  what  eclipses 
he  desires^  I  will  be  pleased,  with  the  permission  of  the  su|>enntendent,  to  give 
him  the  dates  (rf  such  future  eclipses  as  he  may  desire.  geo.  a.  hill. 

Naval  Observatory,  VV^ashington,  I>.  C* 

nuery  No,  4-  (p,  '2^5) — The  belief  that  Mercuf  y  rotates  on  his  axis  in  the  same 
time  thai  he  completes  n  revoluLion  around  the  Suu  rests  almost  wlioHy  on  the 
observations  of  Schiaparelli  at  Milan.  Observations  of  Mercury's  surface  mark- 
in>;s  arc  so  extremclv  di  flficult  that  no  one  has  yet  satistactorily  vcriticd  Schiapa- 
rctli's  conclusions,     The  ans  wcr.  thcreloret  to  this  <|uer3'  must  l>e  non-committal, 

Query  No.  6  (p,  255), — Answers  have  been  received  from  Rev,  Iidward  Brown, 
of  Yankton,  S.  D.,  and  F.  Bradbury,  St.  Augustine,  Pla.  The  expression,  *'The 
nndcvout  astronomer  is  mad/'  is  found  in  Young V  Night  Thoughts.*'  Night  9, 
about  line  500. 
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to  Colorado,  well-equipjjcil  witl.  i-v^*'. .  .«  . 
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Mountain  Station  of  Harvard  Observatory. 


tage  over  Cambridge  was  shown  at  ari}^  of  the  stations.  The 
stars  were  undoubtedly  somewhat  clearer  than  at  sea  level,  but 
this  difterence  only  amounted  to  a  fraction  of  a  magnitude.  As  a 
final  result  of  the  summer's  work,  it  was  concluded  that  the  se- 
lection of  a  pro[jer  site  for  an  nijscrvatory  was  by  no  means 
merely  a  question  of  elevation. 

The  next  expedition  sent  out  by  the  Deijartment  was  in  the 
winter  of  18S8-89.  Observations  with  a  13'inch  Clark  refractor 
were  made  at  Willows  in  northern  California,  and  later,  on  WiU 
son's  Peak,  altitude  6000  feet,  in  the  southern  part  of  the  state. 
The  telescope  was  kept  at  the  latter  point  for  over  a  yean  and 
continuous  observations  made  ever}'  clear  night.  During  the 
rainless  season  scarcely  a  cloud  obscured  the  sky,  and  the  defini- 
tion was  extraordinarily  fine.  Altogether  the  station  was  a  de- 
cided improvement  over  Colorado.  Nevertheless,  there  were  ob- 
jections to  the  location,  one  being  that  it  was  found  almost  im- 
possible to  secure  a  clear  title  to  any  land  near  the  summit  of  the 
mountain.  For  this  and  other  reasons  it  was  decided  to  seek  far- 
ther. 

In  the  mean  time  Messrs.  S,  L  and  M.  H.  Bailey  had  under- 
taken an  expedition  to  the  west  coast  of  South  America,  and  had 
established  a  station  upon  Mt.  Harvard,  altitude  66(H)  feet,  not 
far  from  Lima,  Peru.  This  station  was  occupied  for  over  a  year, 
and  very  satisfactor\'  results  were  obtained  at  it.  It  was  con- 
eluded  from  theoretical  considerations,  largely  meteorological|^H 
into  which  it  i:^  not  ntvessary  to  go  at  present,  that  a  desirablf^" 
location  ought  to  be  found  near  the  tropics.  The  Messrs.  Bailey 
explored  the  coast  as  far  south  as  Valparaiso,  with  this  point  in 
mind,  visiting  also  several  inland  cities.  Especial  attention  was 
directed  to  Arequipa,  and  this  city  was  so  favorably  reported  on 
that  it  was  decided  to  send  the  next  expedition  to  that  point. 

The  present  expedition  left  the  United  States  in  December, 
1890,  arriving  in  Arequipa  the  middle  of  the  following  Januar5^ 
It  was  then  in  the  height  of  the  cloudy  season,  which  lasts  about 
four  months,  and  little  direct  astronomical  work  could  be  accom- 
plished. Nevertheless  a  map  of  the  valley  was  undertaken,  a  site 
for  the  Observatory  selected,  the  land  purchased,  and  the  erection 
of  buildings  commenced.  The  clear  season  opened  in  April,  and 
soon  it  was  found  that  the  favorable  reports  given  us  had  in 
reality  far  understated  the  truth.  The  transparency  of  the  sky 
was  such,  that  it  was  a  common  occurrence  to  see  third  magnitude 
stars  set  below  the  horizon  where  it  was  on  a  level  with  the  eye, 
w*hile  at  home,  as  is  well  known,  to  see  any  star  set,  unless  lie- 
hind  some  elevation,  is  an  unusual  event. 
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But  with  the  13-inch  telescope  the  most  interesting  results  were 
obtained.  Ten  and  twelve  diflfraction  rings  have  been  counted, 
underfavorablecircumstances,  around  the  brighter  stars,  each  ring 
being  nearly  if  not  absolutely  motionless.  It  is  well  known  that 
in  general  to  see  the  rings  at  all  with  a  telescope  as  large  as  the 
13-inch  is  a  rare  occurrence,  and  that  the  few  there  seen  are  near- 
ly always  wavering  and  broken.  At  first  a  power  of  475  was 
used  exclusively  for  all  observations,  saving  those  requiring  a 
large  field,  this  being  the  highest  power  with  which  we  came  pro- 
vided. The  definition  under  these  circumstances  upon  the  Moon 
and  planets  was  absolutely  sharp,  and  without  a  blur  or  waver. 
Since  then  higher  powers  have  been  sent  from  home,  and  1140 
diameters  have  been  used  upon  Venus  in  the  day-time,  that  power 
showing  the  planet  to  decidedly  better  advantage  than  812. 
The  phases  of  Jupiter's  satellites  are  readily  observed  as  they  en- 
ter into  the  shadow  of  the  planet,  a  phenomenon  which  it  is 
thought  but  few  astronomers  have  ever  seen,  even  with  much 
larger  telescopes  than  the  13-inch. 

This  telescope,  though  small  compared  to  the  modern  giant 
refi-actors,  is  nevertheless  the  largest  visual  refractor  in  use 
south  of  35°  north  latitude,  although  there  are  about  thirty 
larger  ones  north  of  this  parallel.  This  fact  has  therefore  enabled 
us  to  study  all  of  the  more  interesting  southern  objects  for  the 
first  time  with  an  instrument  of  this  power.  As  a  result  many 
new  double  stars  have  already  been  discovered,  together  with 
several  faint  clusters  and  nebulae  which  are  probably  new.  Some 
of  our  most  interesting  observations,  however,  pertain  to  the 
bodies  of  the  solar  system,  which  the  high  magnifications  that 
we  are  able  to  employ  enable  us  to  study  to  great  advantage. 
Descriptions  of  some  of  these  observations  we  hope  shortly  to  be 
able  to  send  to  Astronomy  and  Astro-Physics.  This  telescope, 
as  has  been  mentioned  upon  former  occasions,  has  the  valuable 
peculiarity  that  by  reversing  the  crown  lens,  and  shifting  the  flint, 
we  may  convert  it  from  a  \nsual,  into  a  photographic  telescope, 
of  high  excellence.  Notwithstanding  the  great  interest  attaching 
to  the  visual  work  which  may  be  accomplished  here,  the  photo- 
graphic results  which  may  be  obtained  by  an  instrument  of  this 
size,  so  unusually  located,  are  so  much  more  important,  that  it  is 
very  doubtful  if  many  more  visual  observations  can  be  made 
with  it,  and  this  year  its  time  will  be  largely  devoted  to  securing 
spectra  of  the  brighter  southern  stars. 

The  city  of  Arequipa,  though  the  third  in  size  in  Peru,  having 
a  population  of  about  29,000,  is  not  well  known  to  the  outside 


world.  The  ^nsitor  arriving  at  the  Port  of  Mollendo,  passes 
through  a  rougher  surf  than  he  has  probabl)^  ever  seen  upon  the 
Atlantic  Coast,  and  takes  the  cars  of  the  Southern  Railway  of 
Peru  one  hundred  and  seven  miles  across  the  desert,  to  his  des- 
tination. The  city  itself  is  situated  in  a  little  green  oasis  contain- 
ing perhaps  sixty  square  miles,  through  which  runs  the  River 
Chile.  The  Observatory  is  built  upon  the  crest  of  a  hill  overlook- 
ing the  valley,  and  about  four  hundred  feet  above  the  city.  To 
the  eastward  lies  the  extinct  volcano  of  Pichu  pichu,  18,600  feet 
in  heigh t»  northeast  and  but  ten  miles  distant  lies  the  quiescent 
volcano  of  the  Misti,  19,200  feet  tn  altitude,  and  to  the  north, 
and  twelve  miles  distant,  lies  Charchaui  20,000  feet  in  elevation. 
Although  these  mountains  are  so  near  at  hand,  yet  in  no  case  do 
they  rise  over  12*^  above  the  true  horizon. 

The  true  geographical  position  of  the  Observator\^  has  not  as 
yet  been  accurately  determined,  but  it  is,  roughly  speaking,  in 
latitude  16°  24'  south,  and  longitude  4^'  45'"  30^  west  from 
Greenwich.  It  is  consequently  about  4,000  miles  south  of  Har- 
vard Obsen^atory,  and  about  18  miles  w'cst  of  it.  Its  altitude  is 
8055  feet  above  the  sea,  and  it  is  therefore  considerably  higher 
than  any  other  Observatory  in  the  world  having  so  extensive  an 
equipment. 

Owing  to  our  location  within  the  torrid  zone,  our  meteorological 
conditions  are  very  regular.  As  we  have  been  here  but  one  year 
we  cannot  as  yet  generalize,  but  we  may  say  that  the  clear  sea- 
son is  expected  to  begin  the  latter  part  of  March  or  first  of  April, 
and  to  continue  with  scarcely  an  interruption  from  cloud  until  the 
first  of  November.  November  is  the  beginning  of  the  cloudy  sea- 
8on»  and  during  this  month  this  last  year  0.02  of  an  inch  of  rain 
fell  December  was  fairly  clear,  while  January'  and  Februank- 
were  cloudy  and  rainy.  Nearly  all  the  rain  falls  in  January  and 
March,  amounting  in  general,  to  two  or  three  inches  in  all.  The 
mornings,  with  few  exceptions,  are  bright  and  sunny  throughout 
the  year,  most  of  the  rain  falliiig  in  the  afternoon  and  evening. 
Excepting  during  the  rainy  season  the  climate  is  exceedingly  dry. 
With  some  persons  the  skin  becomes  rough,  and  the  lips  crack 
from  the  excessive  drouth.  All  vegetation  is  maintained  by  con* 
stant  irrigation,  for  an  evaporation  of  0.59  of  an  inch  in  one  day 
has  been  recorded  in  the  rainy  season.  No  observations  have  as 
yet  been  made  when  the  weather  was  really  dry.  The  wind 
reaches  its  niaxinium  in  the  middle  of  the  day,  and  it  is  unusually 
calm  at  night*  The  highest  velocity  noted  was  December  26, 
when  it  reached  a  velocity  of  17.2  miles  an  hour,  but  a  slight 
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addition  must  be  made  to  this  figure  on  account  of  our  rarefied 
atmosphere. 

The  barometric  pressure  and  temperature  are  very  uniform 
throughout  the  year.  Tri-daily  observations  are  maintained  and 
during  the  clear  season  a  fourth  observation  is  taken  in  the  mid- 
dle of  the  night.  The  highest  barometer  reading  recorded  was 
22.676  on  Aug.  17,  and  the  lowest  22.472  on  January  19.  The 
maximum  thermometer  reading  was  79^.0  on  June  3,  but  this 
was  unusually  high,  the  second  highest  being  74^.3  in  October. 
The  minimum  thermometer  reading  of  the  year  occurred  eight 
da3's  after  the  maximum  upon  June  11,  and  was  38°.5.  Although 
the  temperature  of  the  air  never  gets  down  to  freezing,  not  only  do 
we  have  occasional  frosts,  but  standing  water  is  known  to  skim 
over  with  ice  during  the  clear  season,  such  is  the  excessive  radia- 
tion. The  power  of  the  Sun  is  at  times  tremendous,  and  a 
blackened  bulb  thermometer  exposed  to  its  rays  in  vacuum  has 
been  known  to  reach  164°.  We  have  sometimes  had  difficulty  in 
our  tool  room  in  the  afternoon,  when  the  Sun  shone  in,  as  the 
tools  become  so  hot,  that  we  could  not  handle  them,  without 
first  putting  them  in  the  shade  to  cool.  It  is  not  pleas- 
ant to  be  out  in  the  middle  of  the  day  during  the  clear  sea- 
son, but  in  the  shade,  upon  our  verandah  it  is  never  uncomforta- 
bly warm  and  the  middle  of  the  day  there  is  always  a  cool  breeze 
blowing.  I  have  gone  into  considerable  detail  in  describing  our 
meteorological  conditions,  as  I  am  inclined  to  think  that  they 
have  more  to  do  wnth  our  favorable  seeing,  than  has  our  eleva- 
tion of  8,000  feet  perse.  Of  course  they  ma\'  be  said  to  depend 
upon  it,  more  or  less,  but  still,  we  might  have  the  same  elevation 
elsewhere,  and  be  very  diflFerently  circumstanced  meteorologically. 
From  my  experience  with  large  refractors  in  different  parts  of  the 
world,  I  am  inclined  to  attribute  our  exceptionally  steady  seeing 
more  to  the  excessive  drj^ness  of  our  climate  than  to  any  other 
one  cause. 

Arequipa,  Peru,  March  1,  1892. 
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In  the  foregoing  paper  I  gave  an  account  of  the  situation  and 
the  meteorological  conditions  prevalent  at  the  Peruvian  station 
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of  this  Observ^atory.  In  the  present  paper  I  shall  describe  its 
equipment,  and  the  class  of  work  to  which  it  will  be  esfjecfally 
devoted,  A  general  idea  of  its  situation  may  be  obtained  from 
the  plate*  accompanying  this  article.  The  great  mountain  mass 
in  the  background  is  Charchaui,  an  extinct  volcano,  20,000  feet  in 
altitude,  whose  crater  was  probably  originally  some  six  miles 
across,  and  whose  summit  is  twelve  miles  distant  from  the  Ob- 
servatory in  an  air  line. 

At  the  bottom  of  the  snow^  line  in  this  picture,  and  almost  ex- 
actly  under  the  deep  cal  situated  to  the  left  of  the  main  summit, 
lies  a  plateau,  rather  less  than  half  a  mile  square.  Near  the  front 
edge  of  this  plateau,  where  it  drops  off  in  a  precipice  several  hun- 
dred feet  deep,  stands  the  upper  meteorological  station  of  the 
Observatory — the  highest  obser\nng  station  in  the  world.  A 
more  detailed  account  of  our  various  meteorological  stations, 
and  of  oiir  topogi*aphical  and  barometrical  determinations  of 
their  altitudes,  wnll  be  reserved  for  a  later  paper,  where  they  can 
be  discussed  to  more  advantage. 

The  accompanying  photograph  was  taken  in  a  direction  nearly 
due  north,  as  may  be  seen  by  the  orientation  of  the  sides  of 
the  buildings.  To  the  west  and  south  the  land  slopes  away  grad- 
ually, but  on  the  east,  it  descends  sharply  some  two  hundred 
feet  to  the  river  valley.  On  the  opposite  side  it  rises,  at  first 
gradually,  and  later,  more  and  more  steepl3',to  the  summit  of  the 
Misti,  some  ten  miles  distant.  As  the  laud  hatl  not  been  pur- 
chased  <jnc  year,  when  this  negative  was  taken,  February  11, 
1892,  much  still  remains  to  be  done,— such  as  clearing  the 
grounds,  laying  out  paths,  etc.  The  erection  of  the  house  itself 
consumed  considerable  time  and  thought,  as  very  little  budding 
is  done  in  this  place,  and  the  party  had  to  be  its  own  architects. 
The  house  is  now  completed,  however,  and  has  proved  to  be  verv 
satisfactory. 

On  the  left  of  the  house  is  seen  the  dome  of  the  13-inch  telescope. 
The  walls  of  the  building  are  constructed  of  wood,  being  a  single 
thickness  of  board,  in  order  that  they  may  take  the  temperature 
of  the  outside  air  as  rapidly  as  possible.  The  revolving  portion  is 
built  in  the  form  of  a  drum,  and  consists  ol  a  wooden  frame  and 
boarded  roof,  covered  with  canvass.  Its  walls  are  framed  upon 
three  wooden  rings,  one  at  the  top,  one  at  the  bottom,  and  one 
in  the  middle.  The  bottom  ring  is  complete,  but  the  middle  one 
is  broken  on  the  side  where  the  shutter  opens.  The  upper  ring  is 
also  broken,  on  the  side  turned  away  in  the  picture,  and  here  a 
smaller  opening  is  made,  closed  by  two  shutters,  one  in  the  side 
•  Sec  Frontispiece. 
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and  one  in  the  roof.  By  this  plan,  the  chief  objection  to  the 
drum  form  of  dome  is  avoided,  and  any  portion  of  the  sky  can 
be  observed  at  any  time,  through  one  or  the  other  of  the  two 
openings.  A  ladder  permanently  attached  to  the  outside  of  the 
drum,  but  not  shown  in  the  picture,  leads  onto  the  roof  and  has 
been  found  extremely  convenient  on  several  occasions.  The  main 
side  and  roof  shutters  are  made  in  separate  pieces,  any  one  of 
which  can  be  opened  independently  of  the  rest.  This  is  especially 
important  when  carrying  on  photographic  work  upon  windy 
nights.  It  is  less  important  in  this  locality,  however,  as  the 
nights  are  almost  invariably  calm.  All  of  the  shutters  open  out- 
ward upon  hinges,  as  shown  in  the  photograph  and  are  managed 
by  cords  from  the  floor  of  the  dome.  Indeed,  it  seems  to  me  that 
this  form  of  dome,  if  so  modified  as  to  be  adapted  to  the  climate 
of  the  temperate  zones,  would  be  generally  found  not  only  very 
much  cheaper,  but  very  much  more  convenient  than  the  ordinary 
hemispherical  form.  The  height  from  the  floor  to  the  bottom  of 
the  cross  ties  inside  the  roof  is  twenty-four  feet,  which  is  also  the 
diameter  of  the  drum.  The  drum  revolves  upon  independent  iron 
wheels,  and  can  be  readily  turned  without  mechanical  aid,  with 
one  hand. 

The  telescope  contains  no  unusual  features  save  the  reversible 
lens,  previously  referred  to,  and  a  device  for  reading  the  right  as- 
cension directly  without  computation,  as  one  does  the  declina- 
tion. A  12-inch  prism  is  attached  in  front  of  the  object-glass, 
and  is  so  counterpoised  that  it  may  be  pushed  to  one  side  with- 
out altering  the  adjustment  of  the  instrument.  It  is  proposed  to 
employ  this  telescope  for  photographing  the  brighter  stellar  spec- 
tra, for  the  charting  of  clusters,  the  measurement  of  close  double 
stars,  and  the  study  of  planetary  and  lunar  detail.  To  the  tele- 
scope is  attached  an  8-inch,  and  a  1%-inch  finder,  the  latter  hav- 
ing a  field  of  about  nine  degrees  in  diameter. 

In  front  of  the  dome  and  to  the  left  of  it  is  the  laboratory-,  con- 
taining the  oflSces,  work-room,  tool-room  and  photographic 
rooms  of  the  Observatory.  These  rooms  are  fitted  up  in  the 
manner  that  experience  has  shown  to  be  most  convenient,  and 
need  no  farther  comment. 

Between  the  laboratory  and  dome  is  the  shed  covering  the  20- 
inch  reflector.  It  is  of  only  42  inches  focus,  and  is  one  of  the  pair 
made  by  Mr.  Common  for  use  during  the  second  solar  eclipse  of 
1889.  This  instrument  is  especially  adapted  on  account  of  its 
great  aperture  and  short  focus  to  the  study  of  faint  nebular  de- 
tail.   The  shed  covering  it  slides  forward  upon  a  track,  leaving 


the  instrument  entirely  exposed  to  the  sky.  To  the  east  of  this 
instrxmient,  but  hidden  behind  the  house,  is  the  meteorological 
shelter,  made  in  the  customary  form,  and  carrying  upon  its  roof 
a  Robinson  anemometer,  wind-vane  and  a  pair  of  sunshine  re- 
corders of  the  form  adopted  by  Harv^ard  College  Observatory*. 

North  of  the  meteorological  shelter  are  the  transit  pier  and 
clock  room,  the  latter  a  small  stone  structure  with  a  stone  roof^ 
supported  upon  iron  rails.  From  the  pier  a  view  of  the  sidereal 
clock  may  be  obtained  through  a  glazed  window.  Notwith- 
standing the  intensity'  of  the  sunlight,  it  is  found  l>est  to  open  the 
clock  room  slightly  in  the  middle  of  the  da}',  otherwise  its  inside 
teni|>crature  will  be  lower  at  mid-day  than  at  midnight.  This  is 
due  to  the  slow  conduction  of  heat  by  the  stone  walls  and  roof. 
The  clock  room  is  connected  by  wire  with  the  laboratory  an 
dome.  Four  wires  lead  to  the  former  and  may  be  faintly  traced 
in  the  picture,  although  photographed  from  a  distance  of  over 
nine  hundred  feet. 

In  the  clock  room  are  placed  the  earthquake  recorders.  This 
arrangement  is  only  temporar>%  however,  and  a  separate  build- 
ing will  be  constructed  for  them  later.  Whenever  an  earthquake 
occurs,  it  is  announced  automatically  upon  a  bell  in  the  labora- 
tory, and  a  clock  is  stopped  at  the  same  time  by  electricity. 
Many  of  these  earthquakes  occur  in  the  course  of  a  year,  but 
the}'  are  usually  so  slight  that  they  would  pass  unnoticed  if  one 
were  standing,  save  for  the  rattling  of  the  doors  and  windows 
which  is  sometimes  heard.  Usually  the  pen  of  the  siesmograph 
merely  makes  a  little  hole  in  the  Limpblacked  surface  of  the  glass 
plate  on  which  it  rests,  but  in  two  instances  thus  far,  a  distinct 
and  complicated  curve  has  been  drawn. 

Several  severe  earthquakes  have,  at  different  times,  been  felt  in 
this  localit\%  and  accordingly  even»^  precaution  has  been  taken  in 
the  erection  of  buildings  and  instruments,  to  render  them  per* 
fectly  secure.  The  base  of  the  iron  pier  of  the  telescope  is  buried 
five  feet  deep,  in  a  mass  of  solid  masonry,  eight  feet  square, 
whilst  the  dome  is  built  as  lightly'  as  possible.  This  is  the  most 
approved  form  of  construction  for  buildings  in  earthquake  coun- 
tries, because  in  case  of  a  severe  shock,  being  very  light,  they 
merely  shake  about,  but  do  not  come  down.  In  the  case  of  the 
dwelling  house,  on  the  other  hand,  where  warmth  was  a  deside- 
ratum, it  was  necessary  to  construct  it  of  stone,  but  the  pillars 
are  pierced  in  each  case  from  end  to  end  by  an  iron  bar,  and  they 
and  the  walls  are  all  bound  together  by  railroad  iron,  passing 
under  the  floor  of  the  rooms.    No  plastering  is  employed  upon 
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the  ceilings,  but  all  are  made  either  of  wood,  or  of  stone,  securely 
supported  upon  iron  rails,  the  latter  being  the  customary  con- 
struction here  among  the  better  class  of  houses.  The  walls  of 
the  upper  story  are  of  bamboo,  small  stones,  and  stucco.  Thus 
the  house,  while  it  is  in  outward  respect  quite  similar  to  northern 
dwellings,  is,  in  its  internal  structure,  quite  unlike  them.  We 
have  been  often  asked  if  the  frequent  earthquakes  would  not 
throw  our  instruments  out  of  adjustment.  So  far,  however,  we 
have  had  no  more  trouble  than  we  would  have  had  at  home, 
where  after  the  frosts,  the  ground  always  settles  somewhat  un- 
der the  piers.  If  the  earthquakes  shake  the  instruments,  they 
apparently  let  them  settle  back  again  into  their  original  posi- 
tions. 

To  the  east  of  the  meteorological  shelter,  and  also  behind  the 
house,  is  the  5-inch  visual  telescope.  It  is  intended  to  use  this  in- 
strument later  for  solar  work.  To  the  left  of  the  laboratory  is 
seen  the  shed  covering  the  8-iuch  Bache  telescope.  Over  thirteen 
hundred  8  X  10  photographs  have  been  secured  with  this  instru- 
ment during  the  past  year,  some  of  them  being  star  charts  and 
others  stellar  spectra.  Between  the  Bache  shed  and  the  labora- 
tory is  seen  the  somewhat  pyramidal  prime  vertical  pier.  Its 
summit  furnishes  our  bench  mark  for  altitude,  and  is  exactly  on 
a  level  with  the  floor  of  our  upper  piazza.  It  has  been  used 
hitherto  chiefly  for  surve3ring  purposes. 

To  the  left  and  below  the  Bache  shed  lie  the  stable  and  ser- 
vants' quarters,  and  just  above  them,  with  its  white  canvas 
cover  thrown  back  is  found  the  2i4-inch  camera.  This  instru- 
ment is  of  exceptionally  short  focus,  and  it  is  with  it  that  the 
great  outer  spiral  of  the  Orion  nebula  was  discovered  two  years 
ago  at  the  Boyden  station  in  California.  The  mounting,  how- 
ever, which  is  new,  is  not  yet  satisfactory',  and  we  hope  to  im- 
prove upon  it  shortly.  We  have,  nevertheless,  already  found 
w-ith  it  that  the  Greater  Magellanic  Cloud  is  also  a  spiral  struc- 
ture, similar  to  the  Orion  nebula,  but  with  the  center  less  con- 
densed, and  the  outer  regions  much  more  so.  The  great  nebula 
of  30  in  Dorado  is  near,  but  not  coincident  with  the  center.  This 
wonderful  object,  second  only  in  the  whole  heavens  to  the  Orion 
nebula,  is,  however,  unlike  it  in  being  very  non-actinic,  and  we 
have  only  succeeded  in  photographing  the  very  highest  portions 
of  it  hitherto  with  the  large  telescope.  Its  spectrum  is  also  prob- 
ably gaseous. 

It  is  expected  that  in  a  year  or  so,  we  shall  receive  from  the 
Vnited  States  a  5-inch  photographic  meridian  photometer,  for 


determining  the  photographic  magnitudes  of  all  the  brighter 
stars  south  of  the  equator.  Also  later  the  24-inch  photographic 
doublet,  known  as  the  Bruce  telescope,  modeled  after  the  Bache» 
but  constructed  upon  three  times  the  scale,  with  which  it  is  in- 
tended to  make  a  complete  chart  of  the  heavens.  In  fact,  our 
equipment  will  be  excellent  in  many  respects,  and  the  chief  instru- 
ment which  we  are  at  present  lacking  is  that  which  many  would 
consider  the  most  important  of  all,  and  which  we  do,  undoubt- 
edl\%  very  much  need,  and  that  is  a  first-class  large  visual  re- 
fracting telescope.  It  has  been  often  said  that  the  chief  obstruc- 
tion at  present  to  astronomical  advance  was  our  own  atmos- 
phere. But  this  obstruction  has  now»  at  this  station,  been  prac- 
tically overcome,  and  what  we  see  here  depends  not  as  else- 
where upon  the  condition  of  the  air,  but  only  upon  the  size  and 
quality  of  the  telescojie  employed. 
Arequipa,  Peru,  March  7,  1892. 


RADIANT  ENERGY  AS  A  PROBABLE  CAUSE  OF  THE  SOLAR  COR- 

ONA»  THE  COM/E   AND  TAILS  OF  COMETS  AND 

THE  AURORA  BOREALIS.* 


SBVBKtKUS  J.  CORRIGAN. 


According  to  the  hypothesis  advanced  in  my  paper  entitled 
**The  Transmission  of  Radiant  Energy  through  Gaseous  Media/* 
and  published  in  Nos.  101  and  102  of  Astronomy  and  Astro- 
Physics,  the  component  atoms  of  each  molecule  of  any  gas  arc 
regarded  as  being  in  incessant  and  exceedingly  rapid  revolution 
around  a  focus  situate  within  the  molecule.  If  this  be  true,  it  is, 
I  think,  reasonable  to  assume  that  these  rapidly  moving  atoms 
can,  and  do,  take  up  an  indefinite  number  of  finely  divided,  or 
exceedingly  minute  particles  o*"  any  solid,  liquid  or  gase<nis  mat- 
ter against  which  they  may  impinge,  and  that,  from  their  own 
inherent  store  of  energy  they  can,  and  do,  impart  motion  to  such 
assumed  particles.  We  can  conceive  that  snch  matter  is  trans- 
ferred from  molecule  to  molecule,  as  if  by  a  train  of  revolving 
wheels  in  intimate  contact  with  each  other,  and  that  it  is  thereby 
ditTused»  more  or  less  rapidly,  throughout  any  gaseous  mass 
which  is  in  any  way  in  contact  with  the  solid,  liquid  or  gaseous 
matter  aforesaid.  The  diffusion  of  gases  is  a  well-known  phe- 
nomenon of  Physics,  and  it  is  clearly  explicable  under  this  hy- 
pothesis, as  is  also  the   phenomenon   known  as   evaporation. 

*  Communicated  by  the  author* 
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According  to  this  view,  when  the  particles  of  a  liquid  mass, 
water,  for  instance,  are  sufficiently  separated  by  the  impulses 
emanating  from  the  vibrating,  i.  e.,  heated  atoms  of  a  containing 
vessel,  or,  in  other  words,  by  the  action  of  applied  heat,  which 
occurs  when  the  water  has  reached  the  temperature  of  ebulli- 
tion, they  are,  by  the  energy  of  the  applied  heat,  forced  in 
amongst  the  revolving  atoms  of  the  occluded  and  the  superin- 
cumbent gas,  against  the  pressure  of  such  gas,  and  are  endowed 
with  a  portion  of  the  energy  of  motion  possessed  by  these  mov- 
ing atoms. 

Since  the  quantity  of  energy  resident  in  any  moving  body  de- 
pends not  only  upon  the  linear  velocity,  but  also  upon  the  mass 
of  the  body  moved  (being  equal  to  one  half  the  mass  into  the 
square  of  the  velocity),  the  greater  the  quantity  of  aqueous  part- 
icles taken  up  and  set  in  motion  by  the  rapidly  revolving  atoms 
of  the  gas,  the  greater  will  be  the  tension  or  pressure  of  the 
resulting  vapor,  or,  in  other  words,  the  greater  will  be  the  ability 
of  such  vapor  to  perform  work.  It  is  a  well-known  fact  that 
the  weight  of  any  given  volume  of  steam  increases  with  the  pres- 
sure of  the  latter,  being  greater  on  account  of  the  greater  number 
of  watery  particles  assumed  and  set  in  motion  by  the  rapidlj"  re- 
volving atoms  of  the  sustaining  air.  I  hold,  therefore,  that  with- 
out an  occluded  or  a  superincumbent  gas  there  can  be  no  evap- 
oration. This  statement  may  seem  to  run  counter  to  observed 
facts  relative  to  evaporation  in  vacuo,  but  it  should  be  noted 
that  according  to  the  hypothesis  which  I  have  advanced  in  No. 
101  of  Astronomy  and  Astro-Physics,  what  is  called  a  va- 
cuum, ordinarily,  is  very  far  from  being  one  in  so  far  as  inherent 
energy  is  concerned. 

The  above  enunciated  h^'pothesis  enables  us  to  clearly  define 
the  difference  between  a  gas  and  a  vapor;  viz.:  that  the  latter 
consists  of  solid  or  liquid  particles  sustained  in  rapid  motion  by 
the  revolving  atoms  of  a  true  or  permanent  gas. 

Strong  observational  proof  can  be  adduced  in  corroboration  of 
said  hypothesis.  It  is  a  matter  of  common  observation  that 
when  an  incandescent  electric  lamp  has  been  in  use  for  a  consid- 
erable length  of  time,  the  inner  surface  of  the  glass  bulb  becomes 
blackened ;  this  blackening  is  found  to  be  due  to  carbon  particles 
which  have  been  forced  against  the  glass  with  considerable  vio- 
lence, since  they  adhere  quite  firmly  thereto.  The  only  source 
from  which  these  particles  can  come,  being  the  carbon  filament, 
which  is  found  to  have  undergone  an  appreciable  waste,  the  ques- 
tion arises,  how  have  they  been  transported  across  the  highly 


vacuous  space  between  the  filament  and  the  inner  surface  of  the 
glass  globe?  The  hypothesis  above  stated  furnishes  a  rational 
answer,  viz.:  that  the  particles  of  carbon  are  transported  by  the 
revolving  atoms  of  the  remanent  gases,  namely,  nitrogen  and  car- 
bonic acid  gas»  included  by  the  glass  bull),  and  which,  as  stated 
above,  act  like  a  train  of  revolving  wheels  in  contact  with  each 
other,  the  particles  being  taken  from  the  filament  by  the  revolv- 
ing atoms  in  contact  therewith,  passed  along  by  the  intermediate 
molecules,  and  finally  deposited  upon  the  glass  by  the  revolving 
atoms  impinging  against  it;  in  other  words,  the  transportation 
of  the  particles  is  a  result  of  evaporation  or  of  diffusion. 

If  the  truth  of  the  hypothesis  advanced  above  be  admitted, 
a  probable  cause  of  the  phenomena  mentioned  in  the  title  of  this 
paper  can  be  proposed.  The  first  mentioned  is  the  solar  corona, 
that  luminous  apparition  surrounding  the  Sun,  and  visible  to 
the  naked  eye  at  time  of  total  solar  eclipse.  We  know  tliat  the 
surface  matter  of  the  solar  globe  is  composed  of  gases  and  the 
vapors  of  many  kinds  of  matter,  and  that  the  Sun  is  constantly 
emitting  intense,  thermal,  luminous,  and  electrical  radiations 
which  are  transmitted  throughout  surrounding  space.  Now,  if 
the  hypothesis  above  set  forth  in  regard  to  the  cause  of  diffusion 
and  of  evaporation  be  true,  the  vapors  surrounding  the  solar 
globe  should  be  urged  outward  into  space,  by  the  Sun's  radiant 
energ>%  as  if  impelled  by  a  force  acting  in  opposition  to  solar 
gravity,  and  luminous  vaporous  matter  so  radiated,  would  a 
pear  as  the  corona,  and  possibh-,  as  the  zodiacal  light.  I  would 
here  adduce  collateral  evidence  to  support  the  hypothesis  of  the 
existence  of  a  force,  or  quasi  force,  naar  the  Sun*s  surface,  acting 
in  opposition  to  solar  gravity.  In  No.  75  of  The  Sidereal 
Messenger,  I  called  attention  to  the  remarkable  fact  that  the 
time  of  rotation  of  any  planet  of  the  solar  system  api>ears  to  be 
a  function  of  the  density  of  the  planet  the  Earth's  time  of  rota- 
tion and  density  being  each  taken  as  unity.  In  each  case,  the 
time  of  rotation  is  very  nearly  proportional  to  the  square  root 
of  tlie  density  and  I  endeavored*  in  my  paper  published  in  the 
abuve  mentioned  number  of  the  Messenger,  to  demonstrate, 
mathematically*  the  cause  of  this  peculiar  relation.  I  also  called 
attention  to  the  fact  that  it  ctists  in  the  case  of  every  one  of  the 
eight  planets  of  our  system,  but  not  in  that  of  the  Sun,  and  I 
showed  that  this  exception  could  be  well  accounted  for  under  the 
hypothesis  that  there  is  an  apparent  force  emanating  from  the 
Sun,  and  acting  in  opposition  to  solar  gravity,  dri\dng  off  the 
vaporous  surface  matter  of  the  Sun  to  form  the  corona. 
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As  a  restilt  of  the  demonstration  above  referred  to,  I  found, 
and  published,  in  the  paper  aforesaid,  the  following  equations : 

in  which  D  represents  the  density,  T  the  time  of  rotation,  k  the 
unit  of  attractive  force,  and  Af  the  mass  of  the  body  under  con- 
sideration, all  of  these  quantities  being  relative  to  the  correspon- 
ding ones  proper  to  the  Earth,  and  which  are  taken  as  the  units. 
Now  the  density,  time  of  rotation,  radius,  and  mass  of  th^Sun 
are  qnite  accurately  known,  so  that  the  only  quantity  that  can 
be  regarded  as  undetermined  is  i,  or  the  unit  of  attractive  force ; 
it  is  true  that  in  so  far  as  the  action  of  the  Sun  upon  the  planets 
is  concerned,  k  is  proportional  to  Af,"and  is  therefore  known,  but 
the  mass,  Af,  of  the  Sun,  is  derived  from  the  motion  of  the  Earth 
around  that  body,  and  if  there  be  in  action  against  the  surface 
matter  olf  the  Sun  a  force  directly  opposed  to  gravity,  but  whose 
influence  does  not  extend  to,  or,  at  least,  has  no  effect  upon  the 
planetary  bodies  whose  motions  are  dependent  upon  M,  the 
quantity,  i,  in  so  far  as  it  affects  the  Sun's  snrface  matter,  will 
not  be  proportional  to  Af,  and  although  the  values  of  the  mass 
and  radius,  and,  therefore,  of  the  density,  be  accurately  known, 
they  win  not  give  the  true  relative  time  of  rotation  of  the  surface 
matter,  through  the  equations  above  set  forth ;  a  repellant  force 
would  lessen  k,  and  therefore  increase  the  time  of  rotation  of  the 
surface  matter,  which  is  the  time  observed,  and  this  is  what  hap- 
pens in  the  case  of  the  Sun,  the  time  observed  being  much  greater 
than  that  given  by  the  hypothesis. 

The  existence  of  such  a  force  renders  comprehensible  the  ob- 
served fact  of  the  extreme  mobility  of  the  surface  matter  of  the 
Sun,  which  mobility  is  indicated  by  the  opening  and  closing  of 
spots  or  cavities  covering  millions  of  square  miles  of  the  Sun's 
surface,  and  the  upheaval  of  vast  quantities  of  solar  matter  to 
the  height  of  several  hundred  thousand  miles,  often  in  a  space  of 
time  so  short  that  a  force  capable  of  producing  the  observed  ef- 
fects is,  judging  from  terrestrial  analogies,  almost  inconceivable. 

If  the  formation  of  the  solar  corona  be  due  to  the  cause  above 
stated,  the  nature  of  the  operation  which  forms  the  coma  and 
the  tail  of  a  comet  becomes,  I  think,  at  once  apparent.  Radiant 
energy  proceeding  from  the  nucleus,  or  the  central  portion  of  the 
comet,  drives  outward  the  vapors  which  constitute  a  great  part 
of  the  cometary  mass,  and  as  the  comet  approaches  the  Sun, 
these  vapors  are  impelled  in  a  direction  away  from  the  latter 


body  by  the  radiant  energy  emanating  therefrom  and  form  the 
tail  of  the  comet.  Since  it  is  known  that  evaporation  takes  place 
more  quickly  as  the  atmospheric  pressure  decreases,  and  since  the 
diflfusion  of  vaporous  matter,  above  referred  to,  is  akin  to  evapo* 
ration,  the  rapidity  of  formation  of  the  tail  of  a  comet  as  that 
body,  moving  in  the  highly  vacuous  regions  of  space,  approaches 
the  Sun,  is  clearly  explicable. 

Auroral  phenomena  are  so  peculiar  that  they  may,  at  first 
sight,  seem  to  be  inexplicable  by  the  hypothesis  above  set 
fort!l,  but  if  we  accept  as  most  probable,  that  \'iew  which 
regards  the  aurora  as  due  to  electrified  matter  in  the  form  of 
aqueous  vapor,  or  ice  particles  such  as  constitute  the  cirrus 
cloud»and  that  this  electrified  matter  is  in  motion  at  a  very  great 
altitude  in  the  Earth's  atmosphere,  I  think  that  it  can  lie  shown 
that  the  aurora  can  be  properly  classed,  in  so  far  as  its  cause 
is  c(mcerned,  with  the  phenomena  above  regarded  as  results 
of  radiation.  We  know  that  the  frequency  of  the  aurora 
varies  with  that  of  tlie  Sunspots  and  that  these  spots  indicate 
abnormally  great  disturbance  of  the  solar  matter  and  therefore* 
abnormalU'  great  emission  of  radiant  energl»^  This  excess  of 
radiant  energy  produces  excessive  evaporation,  and  drives  the 
matter  so  evaporated,  and  electrified,  {probably  by  the  act  of 
evaporation)  into  a  region  of  the  atmosphere  much  higher  than 
that  in  which  such  matter  could  be  normally  sustained.  The  mo- 
tion of  such  electrified  matter,  suspended,  probably,  above  a 
strattmi  of  rare,  dr^-,  non-conducting  air,  must  cause  it  to  act  by 
induction  upon  the  Earth,  and  thus  to  generate  those  distur- 
bances of  the  magnetic  needle,  and  the  other  electrical  phenomena 
which  are  known  to  accompany  the  aurora.  The  fonnation 
of  the  latter  is,  therefore,  analogous  to  that  of  the  tail  of  a 
comet,  but  there  is  this  important  difference^  viz.:  that  the  va* 
porous  matter  of  the  aurora  is  not  driven  off  in  a  direction  ex- 
actly away  from  the  Sun,  as  is  the  cometary  matter,  but  being 
electrified,  it  is  acted  upon  by  the  Earth's  magnetism  (w*htch  is 
itself  probably  a  result  of  solar  radiation),  ^md  is  forced  thereby 
to  assume  a  jjcculiar  conformation,  or  to  set  itself  along  the 
magnetic  lines  of  force,  or  parallel  to  the  magnetic  meridian. 

In  this  conection  reference  may  be  made  to  the  fnct  that  au- 
rorte  and  the  tails  of  comets  both  display  phenomena  which 
seem  to  be  electrical,  and  w^hich  point  to  the  same  or  a  situilar 
origin  for  both. 

It  should  be  noted  that  what  I  have  called  the  force  producing 
the  eft'ects  above  mentioned,  i.e.,  the  repulsion  of  matter  from  the 
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surfaces  of  the  Sun,  Earth,  and  comets,  is  not  of  the  same  na- 
ture as  gravity,  and,  strictly  speaking,  is  not  a  repellent  force  at 
all  (although  in  so  far  as  its  effect  upon  vaporous  matter  is  con- 
cerned it  acts  like  such  a  force),  for  if  it  were,  the  motions  of  the 
planets  and  other  bodies  of  the  solar  system  would  be  different 
from  what  they  are  well  known  to  be. 

The  vaporous  matter  at  the  surface  of  the  Sun,  and  the  other 
bodies  aforesaid,  is  simply  taken  up  by  the  rapidly  revolving 
atoms  of  each  molecule  of  gaseous  matter  by  which  these  bodies 
are  surrounded,  and  carried  outward,  passing  from  molectile  to 
molecule  with  great  rapidity  in  highly  vacuous  space,  while  the 
only  effects  produced  upon  the  pl^.nets  are  thermal,  electrical  and 
luminous.  Only  vaporous  matter,  or  matter  so  finely  divided 
that  it  can  be  assumed  by,  and  intimately  connected  with,  the 
revolving  atoms,  is  subject  to  the  action  of  this  quasi  force,  and, 
therefore,  the  objections  that  can  be  urged  against  the  exis- 
tence of  a  force  of  repulsion,  as  it  is  generally  understood  do  not 
apply  in  this  case. 

The  action  is,  probably,  the  same  as  that  which  operates  in  the 
case  of  the  incandescent  electric  lamp,  in  which  particles  of  the 
heated  carbon  filament  are  carried  outward  to  the  sides  of  the 
glass  bulb  by  **  radiant  energy/'  i.  e.,  by  the  action  of  the  rapidly 
revolving  atoms  of  the  molecules  of  the  gaseous  matter  which 
constitutes  the  transmitting  medium. 

In  fine,  setting  aside  all  theoretical  considerations,  it  is,  I  think, 
reasonable  to  assume  that,  if  radiation  from  the  heated  filament 
of  the  electric  lamp  aforesaid,  can  produce  the  effects  noted,  radi- 
ation from  the  heated  bodies  of  the  solar  system  must  produce 
similar  effects,  upon  a  scale  proportionate  to  the  magnitude  of 
the  radiating  masses. 

St.  Paul,  March  25,  1892. 


GEORGE  BASSETT  CLARK.* 


J.  A.  BRASHEAR. 


*  Great  truths  are  the  simplest 
So  arc  the  greatest  men." — Anon. 


It  would  seem  almost  like  a  work  of  supererogation  to  write  a 
biography  of  such  a  man  as  George  B.  Clark. 

If  a  man's  work  is  to  live  after  him,  surely,  he  who  by  his  life 
work  has  left  his  "footprints  among  the  stars"  so  that  they 

*  Commanicated  by  the  author. 


may  be  traced  in  the  ages  to  come,  needs  no  better,  no  grander 
paneg>'ric. 

It  is  not,  therefore,  to  praise  his  life  work  that  these  lines  are 
written,  and,  indeed,  few  men  of  his  great  worth  had  such  an 
innate  shrinking  from  publicity  as  did  Mr,  Clark,  but  when  such  a 
man  has  laid  down  his  armor,  and  has  gone  to  his  rest  tho  se  who 
knew  of  his  great  work  in  *' pushing  outward  the  borders  of 
human  knowledge,'*  treasure  the  incidents  in  the  Hfe  history  that 
led  to  such  remarkable  results. 

In  a  most  interesting  article  written  h^^  Professor  Newcom  b  in 
1874,  on  the  Washington  telescope,  these  words  occur : 

**  When  we  trace  back  the  chain  of  causes  which  led  to  the  con- 
struction  of  the  great  Washington  telescope  we  find  it  to  com- 
mence \v^ith  so  small  a  matter  as  the  accidental  breaking  of  a 
dinner  bell  in  the  year  1843  at  the  Phillips  Academy,  Andover, 
Mass. 

One  of  the  scholars  of  the  Academy,  George  B.  Clark  by  name, 
gathered  up  the  fragments  of  the  bell,  took  them  to  his  home  in 
Cambridgeport,  put  them  into  a  crucible  with  some  tin,  and  pro- 
ceeded to  melt  them  in  the  kitchen  fire.  His  mother  very  nat- 
urally inquired  the  cause  of  such  an  interference  with  the  culinary 
arrangements,  to  which  he  replied  that  he  was  going  to  make  a 
telescope.  Having  melted  his  metals  he  cast  them  into  a  disc  and 
commenced  grinding  them  into  a  concave  mirror. 

His  father,  learning  what  be  was  doing,  lent  a  helping  hand, 
and  the  combined  skill  of  father  and  son  was  soon  rewarded  by 
the  completion  of  a  five-inch  reflecting  telescope  which  would 
show  the  satellites  of  Jupiter,  the  rings  of  Saturn  and  other  tele- 
scopic objects.  Such  was  the  origin  of  the  now  well-known  firm 
of  Alvan  Clark  &  Sons/ * 

Years  ago  the  writer  asked  Father  Clark  what  became  of  that 
first  mirror,  but  he  could  not  remember.  Thus  it  was,  that,  while 
the  great  work  that  Alvan  Clark  &Sons  began  in  so  small  a  way 
as  the  making  of  that  five-inch  mirror,  there  was  evidently'  a 
genius  for  the  work  onl^^  waiting  for  an  opportunity  to  be  devel- 
oped. 

George  Bassett  Clark  was  born  Feb.  14,  1827.  He  received 
his  earlj"  education  at  a  grammar  school,  high  school  and  at  Mr. 
Whitman's  private  school  in  Cambridge.  He  entered  Phillips 
Academy,  Andover,  in  1844.*    After  leaving  the  Academy  he  was 

*  As  Mr,  Clark's  parents  desired  him.  to  go  to  Harvard  College,  be  was  ex- 
amiiied  by  Professor  Benjamin  O,  Picrc«,  who  pronounced  him  fit  for  the  Sopho- 
more class,  except  perhaps  in  Greeks  which  he  could  master  sufficiently  to  puss 
with  credit ;  but  instead  of  that  he  chose  to  go  at  once  into  active  Ufc. 
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employed  in  civil  engineering  on  the  Boston  and  Main  Railroad, 
and  the  Ogdensbtirg  and  Lake  Champlain  Railroad.  He  went  to 
California  in  1848  but  soon  returned.  After  his  return  he  started 
business  as  a  maker  and  repairer  of  instruments  in  east  Cam- 
bridge, and  was  subsequenth"  joined  b3'  his  father  and  brother. 

In  1857  he  was  married  to  Jennie  M.  Mosely.  In  1860  the 
place  of  business  was  removed  to  Cambridge  where  it  still  con- 
tinues. 

The  early  work  of  tlie  Clarks  w^as  confined  to  reflecting  tele- 
scopes; but  soon  developed  into  that  class  of  instruments— the 
refractor — upon  which  they  have  achieved  a  success  second  to 
none  in  the  world.  Indeed,  so  intimately  has  the  name  of  Clark 
been  associated  with  the  progress  and  development  of  the  achro- 
matic telescope  and  the  discoveries  made  with  them  during  the 
past  half  century,  that,  if  we  were  to  blot  out  that  record,  it 
would  take  from  the  pages  of  scientific  discovery,  in  the  domain 
of  astronomical  research,  the  grandest  part  of  that  record. 

The  history  of  the  great  objectives  made  by  Alvan  Clark  & 
Sons,  from  the  memorable  one  sent  to  Dawes  of  England  to  the 
culmination  of  their  great  work  on  the  36-inch  glass  of  the  Lick 
Observatory,  is  so  well  known  to  the  readers  of  this  journal  that 
it  were  useless  to  repeat  it;  but  it  is  not  known,  perhaps,  so 
widely  that  Geo.  Clark  was  the  master  mechanician  of  the  firm, 
and  none  knew  this  better  than  the  astronomers  of  Harvard  Ob- 
servator\'  whose  confidence  in  him  as  an  accomplished  mechani- 
cian was  unlimited ;  and  the  discoveries  made  at  this  famous  Ob- 
servatory are  very  closely  related  to  the  life  work  of  George  B. 
Clark.  Much  of  his  time  and  genius  as  a  mechanician  was  de- 
voted of  late  years  to  the  development  of  the  instrumental  equip- 
ment of  the  Draper  memorial  work,  in  which  such  signal  and 
valuable  results  have  been  obtained,  and  it  was  with  profound 
regret  that  he  was  compelled  to  give  it  up  when  he  was  attacked 
with  the  illness  that  ended  his  useful  life. 

Mr.  Clark  was  a  member  of  Professor  Winlock's  eclipse  party 
at  Shelbyville,  Kentucky,  in  1869.*  He  was  urged  to  join  the 
party  that  went  to  Spain  as  well  as  Dr.  Draper's  party  in  1878, 
but  these  invitations  he  had  to  decline  because  of  the  pressure  of 
occtipation  at  home.  His  services  were  always  in  demand  and 
were  eagerly  sought  after  by  the  astronomers  of  eclipse  expedi- 
tions. 

On  the  9th  of  January,  1878,  Mr.  Clark  was  unanimously 
elected  a  member  of  the  American  Academy  of  Arts  and  Sciences, 
his  special  department  being  that  of  Practical  Astronomy  and 
Geodesy. 


This  honor  was  entirely  unsought,  as  far  as  is  known,  he 
knew  nothing  about  his  being  proposed  fiS  a  member  until  he  re* 
cieved  notice  of  his  election.  ' 

In  1882  he  was  elected  a  member  of  tie  Count  Runiford  com- 
mittee on  which  his  name  was  continued  year  after  yean  Hon- 
ors were  thrust  upon  hini  from  time  to  time»  but  they  never  had 
more  effect  upon  him  than  that  which  is  felt  by  everv'  man  of  real 
worth,  /.  e.,  an  incentive  to  nobler  and  better  efforts,  if  such  were 
possible. 

The  writer  has  spent  man3^  a  delightful  hour  with  Mn  Clark 
in  the  old  Cambridge  workshop.  He  never  cared  to  work  when 
a  friend  dropped  in  to  see  him, and  man}'  a  noted  personage  made 
the  old  workshop  a  frequent  stopping  place,  and  these  pages 
could  be  filled  with  the  reminiscences  gathered  on  my  visits  to 
Cambridgeport.  The  poet  Longfellow  was  one  of  the  welcomed 
visitors,  and  liberty  is  here  taken  to  tell  of  one  of  those  charming 
reminiscences  as  told  me  by  Father  Clark,  A  telescope  had  been 
finished  and  set  up  in  the  shops ;  Longfellow  dropped  in  and  after 
looking  it  over  with  interest,  he  remarked:  ** Clark,  that  looks 
like  a  cannon/*  He  immediately  added:  **  How  much  better 
for  the  peace  of  our  loved  countrj^  than  a  cannon.** 

George  Clark  was  one  of  the  most  unpretentious  men,  kindly 
in  disposition,  unselfish,  generous;  so  like  his  father  that  to 
write  of  one  includes  both.  Friend  of  nature  the  song  of  the 
bird  was  ever  sweet  to  him,  and  it  was  one  of  his  great  reg^ts 
during  his  illness  that  the  song  of  the  birds— aye,  even  of  the 
frogs  in  the  pond  near  his  summer  home  was  lost  to  his  ear.  So 
tender  was  his  nature  that  he  never  would  take  a  gun  mth  him 
to  the  woods.  I  quote  the  words  of  one  who  knew  and  loved 
him  best.  **He  had  a  great  love  of  nature,  the  woods  wxre  a 
l>en:)etual  delight  to  him ;  to  hear  a  bird  sing,  to  watch  its  flutter- 
ing wings,  to  hear  the  winds  through  the  trees,  to  find  the  wild 
flowers  of  the  wood,  to  him  was  purest  delight,  but  he  did  not 
enjoy  gunning  or  injuring  any  living  crcaturt.^^ 

He  was  never  frivolous,  Jjut  loved  to  chat  upon  his  favori 
themes — which  were  always  of  an  elevated  character. 

He  loved  poetry  and  among  all  poems,  he  loved  '*Thanatop- 
sis'*  perhaps  the  best  of  alt.  Gray's  Eleg^^  w^as  also  a  favorite. 
Friday,  before  his  death,  he  desired  Gra^'^s  Elegy  read  to  him  and 
on  Saturday  night,  asked  for  Thanatopsis,  after  the  reading  of 
which  he  remarked,  **No  one  ever  wrote  anything  better 
parts  of  that  poem.** 

**  He  loved  truth,  and  duty  was  ever  the  key  note  of  his  ! 
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far  as  intercourse  with  others  was  concerned — and  it  was  only 
his  own  good  that  was  too  often  uncared  for."  I  quoted  those 
words  from  one  who  knew  him  better  than  all  others. 

Like  too  many  of  the  world's  great  workmen,  Mr.  Clark  over- 
taxed his  powers — and  on  the  14th  of  April,  1889,  he  had  an  at- 
tack of  aphasia.  Surgeon  General  Holt  pronounced  his  case  a 
very  serious  one,  andjsaid  he  must  rest  at  once ;  that  only  a  long 
rest  would  give  him  a  lease  of  life.  He^  gained  in  strength  so 
rapidly  that  in  a  few  weeks  he  was  enabled  to  go  back  to  the 
works,  and  he  thought  by  applying  himself  less  closely,  he  might 
be  able  to  finish  the  Draper  work  then  well  under  way.  It 
seemed  he  could  not  rest  content  awaj"  from  the  work  he  loved 
so  well,  but  as  he  was  a  sufferer  from  insomnia,  he  could  not 
build  up — and  in  March  of  last  year  he  was  taken  worse  and 
the  physician  pronounced  the  trouble  as  lesion  of  the  nerve  cen- 
tres. He  was  again  compelled  to  relinquish  work  and  spent  a 
few  weeks  at  Vineland,  New  Jersey ;  then  took  a  cottage  at  Bed- 
ford Springs,  Mass.  His  hold  on  life  seemed  to  be  most  wonder- 
fal  and  he  kept  .up  until  tired  nature  refused  to  respond  to  the  de- 
mands  of  his  indomitable  will,  although  the  physicians  thought 
at  one  time  he  would  rally  and  be  restored  to  health  and  useful- 
ness again;  but  on  Thursday,  Dec.  24,  he  overtaxed  his  strength, 
and  although  he  was  evidently  worse,  he  had  the  pleasure  of  the 
company  of  his  dear  old  mother  and  another  valued  friend  to 
dine  with  him  and  his  companion  on  the  following  day — which 
was  Christmas. 

But  the  summons  had  come,  and  his  life  was  fast  ebbing  away. 
After  a  drive  to  Park  Square  in  Boston,  still  holding  on  to  the 
slender  thread — as  he  would  hold  on  to  a  problem  in  astronomi- 
cal engineering,  he  returned  home,  soon  became  unconscious, — 
never  regaining  that  which  had  made  him  a  man  among  men, 
and  at  two  o'clock  in  the  afternoon  of  December  30,  1891 — with- 
out fear  of  the  grim  monster  that  will  claim  us  all,  he  fell  asleep 
— with  a  fond  hope  that  he  might  be  permitted  to  solve  some  of 
the  unsolved  problems  of  his  loved  study  in  the  great  beyond. 

Thus  has  passed  away  one  who  has  devoted  a  life  to  the  ad- 
"vancement  of  human  knowledge — who  has  contributed  a  large 
«hare  in  the  advanced  researches  of  the  latter  half  of  the 
eighteenth  century — a  man  whose  name  need  not  be  engraved 
upon  a  marble  tablet— nor  upon  the  lasting  bronze,  for  it  is  al- 
ready written  among  the  stars — where  it  shall  be  read  as  long  as 
men  point  the  mighty  tube  towards  the  stellar  depths. 

The  portrait  of  Mr.  George  B.  Clark  that   faces   page   368 


of  this  numl^er  of  '*Our*'  Journal  is  a  very  faithful  likeness 
of  him  as  the  writer  knew  him  in  the  later  years  of  his  life,  A 
loving  wife,  an  aged  mother  and  bis  Ijrother,  Alvan  G.  Clark  snr- 
\nve  him. 

**  lie  lias  loved  the  stars  too  fondly 
To  be  fearful  of  the  night/' 


HISTORY  OF  THE  COLOR  OF  SIRIUS," 


T,  J.  J.  SBE. 


GEMINLTS, 

This  astronomer  was  probably  a  contemporary  and  associate 
>f  Hipparchus.  In  the  ** Elements  of  Astronomy"  (the  edition 
of  J.  P,  Migne,  Paris,  1857,  is  the  1>est)  he  argues  logically  ami 
at  great  length  against  the  belief  that  the  conjunction  of  the  Sun 
with  Sirius  causes  the  intense  heat  of  summer;  and  in  the  course 
of  his  remarks  says : — 

**  fj  pift  r}*rrrjft  (j^ftua^)  wt»T»iv  r^T  aorf^^*  ofJiTia^  xiitiHvw^txi  Kdtrt  r4n<t  afTTpm^. 
Etrt  pip  Ttoptm  c<rrf,  ihi  kuI  ai^ipta  Tfk  mxpa^  rti'it  WJTTfV  l/f j  ddm;uv  iravrtf,  Jtal 

(p.  849  of  Migne's  edition). 

[For  this  star  (Sirius)  is  of  the  same  nature  as  all  the  rest  of 
the  stars.  And  whether  the  stars  are  fieni'  (rr'yyjva)  or  clear 
{rAt^tiftta),  all  have  the  same  power,  and  exhalations  ought  to  pro- 
ceed from  the  multitude  of  the  stars  rather  than  from  Sirius]*         ^fl 

It  is  evident  that  r^fptva  refei*s  to  the  red  stars  and  auHiptfi  to  the^^ 
white  (or  ** clear'*)  ones,  Geminus,  therefore,  affirms  indirectlv, 
but  emphatically,  that  Sirius  is  rf^'ivnr,  while  the  multitude  of 
stars  are  ut^iifHa.  But  **all  stars  have  the  same  power,"  and  he 
rightly  concludes  that  a  red  star  such  as  Sirius  exercises  no  more 
influence  upon  the  earth  than  a  white  one.  The  contrast  he^ 
tween  the  color  of  Sirius  and  that  of  the  multitude  is  perfectly 
distinct,  and  since  the  language  above  quoted  is  that  of  a  profes- 
sional astronomer  its  truthworthiness  can  not  be  questioned. 
To  my  mind  the  above  passage  alone  is  a  conclusive  proof  of  the 
ancient  redness  of  Sirius,  the  more  so  since  Geminus  shows  him- 
self unfettered  by  popular  belief,  and  argues  logically  against  the 
palpable  fallacy  that  "Sirius  causes  the  intense  heat  of  the  Dog 
Days/' 


•  Communkatcd  by  the  author.       (Continued  from  page  274.) 
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ERATOSTHENES. 

An  edition  of  the  "Catasterisms"  was  published  at  Frankfort 
in  1817  by  F.  C.  Marthiae.  On  examining  it  I  find,  strange  to 
say,  no  color  assigned  to  any  star  except  Vega,  which  is  called 
white  {asuxo^).  In  the  notes  on  the  planets  (evidently  derived 
from  an  astrological  source)  Mars  is  called  **  7:ufwet*hj^*^  and  Venus 
'*/£t»z<;9."    Concerning  the  constellation  z^Wv,  Eratosthenes  says : 

*^^Exti  S"  dffriffa^  tTz)  /isv  Trj<^  xe^aXrj^  (a,  09  ''/rrj^  Xi-jTsrat)  It:}  r^s"  yAmTTr^^  «, 
dtTTpiikuyot  lsipwfj<i  xaXoufTi^  dta  rr^'j  rij^  <fXoyo^  xivTjtr'.y)/*  J(p.  67.) 

We  shall  presently  see  that  the  **  two  stars,**  Isis  and  Sirius,  are 
only  two  names  for  the  same  star,  but  the  error  is  faithfully  cop- 
ied by  Hyginus.  In  saying  that  **  Astrologers  call  such  stars 
Sirians  on  account  of  the  motion  of  the  flame,"  Eratosthenes  com- 
mits another  error,  which  Hyginus  has  likewise  copied.  For  we 
have  seen  that  the  name  l^sipto-:  was  used  by  Hesiod  five  centuries 
earlier  to  denote  Sirius  alone  and  that  it  means  the  **  burning 
one,"  as  is  evident  from  the  language  of  Hesiod  and  Aratus.  The 
very  uncritical  **Catasterisms"  of  Eratosthenes,  therefore,  throw 
no  light  upon  the  color  of  Sirius. 

HYGINUS. 

The  author  of  the  **Poeticon  Astronomicon  Libri  IV ''  (edition 
of  Dr.  B.  Bunte,  Leipsic,  1875),  was  a  native  of  Spain  and  freed- 
man  of  the  Emperor  Augustus,  by  whom  he  was  made  chief  of 
the  Palatine  Library.  From  the  ** tyro-like"  mistakes  in  the 
works  of  H3'ginus  critics  have  generalh'  agreed  that  theA'  were 
composed  before  he  had  fully  mastered  the  Latin  language.  The 
name  of  Eratosthenes  is  often  mentioned,  and  a  vcty  superficial 
examination  will  show  that  the  work  is  merely  a  disitillation  of 
Eratosthenes'  Catasterisms,  to  which  are  added  some  notes  on 
the  planets  evidently  derived  from  some  work  on  Astrology-,  of 
which  nothing  is  now  known.  The  authority  of  Hyginus  is 
certainly  not  original.    Concerning  Sirius  he  says : 

**Scd  canis  habet  in  lingua  stellam  unam,  quae  ipsa  canis  appel- 
latur,  in  capite  autem  alteram,  quam  Isis  suo  nomine  statuisse 
existimatur  et Sirion  app)ellasse  propter  flammae  candorem,  quod 
ejusmodi  sit,ut  prae ceteris lucere  videatur.  Itaque  quo  magis  cam 
cognoscerent,  Sirion  appellasse."  (Lib.  II,  XXXV,  p.  74). 

Again  : 

**Hic  canis  habet  in  lingua  stellam  I,  quae  Stellae  Canis  api^el- 


latur,  in  capite  autem  alteram,  qtiam  nomiulli  Sirion  appellimt, 
de  qua  prius  diximus."  (Lib.  HI,  XXXIY,  p.  95} 

It  IS  to  be  observed  that  Hy ginus  says  the  star  in  the  tongue  is 
called  Canis,  whereas  Eratosthenes  says  it  is  called  Sirius;  iind 
the  star  in  the  head,  called  by  Eratosthenes  Isis,  is  called  Isis  or 
Sirius  by  Hyginus.  The  confusion  is  therefore  extreme,  but  we 
shall  presently  see  that  there  was  only  one  star  with  two  names 
(or  rather  three — Canis,  Isis  and  Sirius)  which  was  spoken  of 
sometimes  as  *•  in  the  tongue**  and  sometimes  merely  as  **in  the 
head."  If  in  Hyginns*  rendering  of  Eratosthenes*  **«?«  rr/v  ri;^  ^htp*^^ 
xiyti^rii^*-  by  **  jjropter  flamma^  candoreni/'  '* candor'*  has  any  defi- 
nite meaning  at  all,  it  is  "light*'  or  ** brightness/*  not  **  white- 
ness/*   Cicero  uses  ** candor'*  in  this  sense: 

**  Soils  candor  illustrior  quam  ullus  ignis." 

{De.  Nat.  Deor,  II,  15.) 

**Ut  cum  Tidemus  speciem  primum,  candoromque  cc^lt/* 

(Tusc.  Quaest.  I,  28.) 

Hyginus'  remarks  are,  however,  in  no  case  to  be  taken  as  the 
result  of  observation,  but  merely  of  book-work,  as  is  shown  by 
the  way  he  copies  Eratosthenes,  and  by  the  astrological  sources 
of  his  information  implied  in  the  use  of  "  figura  "  for  **  color  :*' 

Mars :    **  figura  est  si  mil  is  flam  ma.*/* 

Jupiter:  ** figura  autem  similis  Lyrje*' — meaning  apparently, 
that  Jupiter  is  of  the  same  color  as  Vega. 

Saturn;  *' Colore  autem  igneo,  similis  ejus  stelhe  c|u:e  est  m 
humero  dextro  Orionis/* 

M.  Georges  Lafaye  in  the  **  Melanges  d*Archeologieet  Histoire 
de  TEcole  Francaise  de  Rome,**  1881,  h;ts  a  very  interesting  pa- 
per eatitled  *' Tn  Monument  Romain  de  TEtoile  d*Isis/*  In  this 
paper  the  author  shows  clearly  that  Isis  was  a  general  name  for 
Sirius  among  the  Egyptians.  The  star  w?*s  also  called  (in  the 
Decree  of  Canopus)  So|X!t ;  elsewhere  sometimes  Sepet,  Sept,  Set, 
and  finally  Sot,  Soti,  or  Sothi,  which,  when  given  the  Greek  end- 
ing, becomes  So  this,  the  Egyptian  word  for  Sirius  in  common 
use  among  classic  authors.  It  has  also  iR^en  suggested  that  Thoth 
the  first  month  of  the  Egyptian  calendar,  is  named  from  Sothis, 
the  heliacal  rising  of  which  marked  the  beginning  of  the  fixed 
year  (of  365V4  days)  and  also  of  the  *' wandering**  ycar(of3G5 
days)  at  the  beginning  of  a  Sothic  period.  M.  Lafaye  mentions 
a  Temple  at  Assouan  especially  dedicated  to  the  worshij)  of  Isis- 
Sothis,  and  shows  that  the  Egyptians  regarded  Sirius  as  the  soul 
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of  the  goddess  Isis  transferred  to  the  heavens ;  wherefore  special 
ritual  honors  were  accorded  her  spirit,  and  the  worship  of  Isis- 
Sothis  afterwards  even  imported  into  Italy.  We  ought  here  to 
note  that  the  Egyptian  religion  was  older  than  Babylonian  As- 
trology, and  since  Sirius  rose  heliacally  about  the  time  of  the  in- 
undation of  the  Nile,  this  star  was  especially  venerated  in  Egypt 
from  the  earliest  times ;  therefore  when  astrology  came  west  it 
does  not  appear  to  have  inspired  among  the  Egyptians  (except 
the  Alexandrians)  that  dread  of  Sirius,  which  was  spread 
throughout  the  Greek  and  Roman  world.  The  conditions  in 
Egypt  were  unfavorable  to  the  growth  of  the  idea  that  Sirius 
exercised  an  evil  influence,  and  hence  we  find  astrological  doctrines 
(especially  that  which  assigned  the  heat  of  the  "Dog  Days"  to 
the  " influence'*  of  the  "burning  Sirius")  more  firmly  implanted 
in  the  minds  of  the  people  north  of  the  Mediterranean,  where  the 
climatic  conditions  favored  their  propagation. 

Some  of  the  authorities  cited  by  M.  Lafaye  seem  worth  quot- 
ing: 

Horapollo:     "V<rc9  dk  izap*  aoToi^  (to??  Ai^uTrrtnt^)  ktrrtv  aurri^p^  Aiyoirrng- 

Also     "  Ai'j^ujrrnrct  xaXoupievo^  IwOt^,  ^EXir^vtffr)  ds  ^AtnpoxoatvV 
Plutarch  :     ^^  oH^di)  ItptJf:  kiYooffiv,,,Tmv  0£(ov..,Td^  (/'o^OL^  iv  oopavw  Xd/iic6t¥ 
S/rrpa^  xai  xaXtlaSai  xova  fih  ttjv'  Ifftoo^  o<p   'EXXrjvwVy  y-'  Alyu-Kriutv  dk  libOtv^ 

And  **  A^ifioS'i  S*  AlyvrTiiuv  xaraysXwffi  fiu^^oXuyintvrvjv  Tzsp]  roD  opoyoi^^  ati 
ifui'^j^v  d^ii>To^  TjfiipfK;  ixshr^':  xa\  mpa<;  /y^  iTZiziAAst  ro  a/rr/)oy,  o  ImOr^v  ahrui^ 
h'f>a  oi  xa\  liipto'^  ^/ie?s"  xahthjiv^. 

Also      **7oy  /!£>    i2/>:'a»a  "i^ptio,    to^>  dk   hf'>va  ^/<tioo<^    Upov    AiynTzrcoi  'yofu^~ 

Library  of  Photius:  **7r^>  Ichtf:-^  Aiyn-no:  rr/y  V<rj>  shat  ^'^soAoyo^mv,  of 
(>£  '*EA/.r^>£i  ffV  I'"''  ^^ipto'^  (hdytiu/Ti  Toitro  ro  anrpoj,  xai  ut^  hn^a  rov  Zzipurj^ 
h-raiiu'^  Hpiiovo'i  ovra  xu>7jysTir»/T<tZf  ouzio  dia*^ioyp(iifonh:>.^^ 

In  the  Decree  of  Canopus  (relative  to  the  reform  of  the  calendar) 
issued  in  the  ninth  year  of  the  reign  of  Ptolemy  III,  Buergetes  I, 
(B.  C.  238)  the  Greek  translation  of  the  Egyptian  text  reads: 

dfTzpn'^  To   77^^    IfT'.oo^^   Tf   >ofi{!^£rai   Old    Twv    ls.pv)>    ypafLfidrwu  vio>  iViO^ 


ii »/ 


In  a  hierogl3'phic  inscription  engraved  upon  a  column  dedicated 
to  Isis  at  N^'sa  in  Arabia,  the  goddess  herself  is  made  to  affirm 
her  identity  with  the  Dog  star : 


Therefore  it  is  evident  that  I  sis  and  Strias  are  only  different 
names  for  the  same  star,  and  hence  we  perceive  that  the  inconsis- 
tencies of  Eratosthenes  and  Hyginus  have  arisen  from  mere  con- 
fusion of  names.  J 

HfJRACE.  " 

This  poet  has  left  us  several  allusiuns  to  the  '*Dog  Star/'  but 
only  one  of  these  positively  affirms  that  Sirius  was  red;  the 
others  have  reference  mainly  to  the  intense  heat  attending  the 
heliacal  rising  of  the  star,  hut  they  also  imply  a  ticry  ap 
arrce* 

'*  Hie  in  reducta  valle'Canicuke 
Vitabis  testus/'  (Ode,  XVIIl,  1  7.  P»k,  I  i 

"Te  flagrantis  atrox  hora  Canicula? 
Nescit  tangere/*  (Ode.  XlII,  9,  Bk.  III.) 

**Seu  rubra  Canicula  findet 
Infantes  statuas/^  (Sat.  \\  39,  Bk.  IL) 


p^j- 


**Flagrans"  implies  **bitrning/'  but  **  rubra"  makes  the  red 
ness  of  the  star  definite.  Horace,  it  is  true,  is  not  an  astronom 
cal  authority,  as  has  been  suggested  by  those  who  seek  to  di 
believe  the  testimony  of  the  ancients ;  but  can  anyone  suppose' 
that  a  poet  who  enjoyed  the  learning  of  Rome  in  the  time  of 
Augustus  was  ignorant  of  the  appearance  of  so  conspicuous  and 
famous  a  body  as  the  Dog  Star,  which  he  had  repeatedly  spoken 
of  in  his  own  writings  ?  The  manner  in  which  *' rubra  Canicula  ** 
is  introduced  seems  to  imply  not  only  that  the  star  was  red,  but 
that  the  color  was  a  matter  of  universal  knowledge. 

VIRGIL. 

In  the  Georgics  we  read  : 

*"  Jam  rapidus,  torrens  sitientes  Sirius  Indos, 
Ardebat  in  caelo,  et  medium  sol  igneus  orbem." 

(Lib.  IV,  verse  324^6,) 

In  speaking  of  the  Scorpion  Virgil  says: 

**  Ipsi  tibi  jam  bracliia  contrahit  ardens  scorpios.*' 

(Georgics,  Lib,  I,  verse  34.) 

Wc  have  seen  that  Germanicus  used  **ardenti  cum  pectore' 
when  alluding  to  Antares;  Virgirs  ** ardens'*  certainly  refers  to 
the  same  star.     **  Ardebat  in  crelo"  then  seems  to  imply  that 
Sirius  presented  the  appearance  of  Antares:  there  is  also  an  illu* 
sion  to  drought  in  the  above  passage,  and  Virgil  makes  a  similar 


I 

i 
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refcreocein  another  place  (Georgtcs,  Lib.  II,  verse  353),  but  no 
color  can  be  inferred. 

Now  it  seems  to  me  that  if  Sirias  had  been  white,  the  ancients 
would  much  more  naturally  have  attributed  the  droughts  and 
othiT  evil  '*inflaences'*  of  summer  to  the  great  ruddy  Antares, 
which  was  visible  during  the  hottest  months. 

MANILl.IUS. 

The  author  of  the  "Poeticon  Astronomicon  "  has  left  us  two 
Deferences  to  Sirius  which  imply  a  fiery  appearance : 

"  Canis  in  totum  portans  incendia  mundum." 

(verse  17,  Lib.  V.) 

•*  Canis  rabit  suo  igne.''  (verse  208,  Lib.  V. 

Tfa«  only  other  allusion  in  Manillius  implying  a.  ruddy  color  of 
anr  other  star  is  that  made  to  Antares  in  speaking  of  the  Scor- 
piowm.  : 

"  Attrahit  ardenti  fulgentem  Scorpion  astro." 

(verse  268,  Lib.  I.) 

SENECA. 

A-fiter  speaking  of  fire,  lightning,  evaporation,  and  other  nat- 
nntl   phenomena,  Seneca  says : 

**Xec  mirum  est,  si  terrae  omnis  generis  et  varia  evaporatio 
est  ^  quum  in  coelo  quoque  non  unus  appareat  color  rerum,  sed 
acriorsit  Caniculae  rubor,  Nartis  remissior,  Jovis  nullus,  in  lucem 
pur-^m  nitore  perducto.''  (Quaest.  Nat.  Lib.  I,  cap.  I,  §  6.) 

X^liisis  the  deliberate  statement,  and  no  accidental  allusion,  of 
one^  of  the  greatest  philosophers  of  antiquit3'.  Seneca's  remarks 
on  ^le  colors  of  Mars  and  Jupiter  show  conclusively  that  he  was 
well  acquainted  with  the  appearance  of  the  planets.  This  ma\' 
also  be  inferred  from  the  attention  which  he  gave  to  comets  and 
nietieors,  to  solar  and  lunar  halos^and  other  remarkable  phenom- 
^^.  It  is,  therefore,  practically  certain  that  he  had  observ-ed 
Sixins  hundreds  of  times,  as  any  natural  philosopher  at  Rome 
°*^ist  necessarily  have  done. 

There  is  absolutely  no  reason  for  supposing  Seneca's  original 
language  to  have  been  other  than  what  we  have  quoted.  The 
^^ggestion  that  the  reading  should  be  **fulgor"  instead  of 
**nibor"  is  too  absurd  to  need  refutation.  We  have,  therefore, 
^o  alternative  but  to  accept  the  testimony  of  Seneca  as  a  fact ; 
^^4  the  direct  and  positive  manner  in  which  he  says  Sirius  was 


redder  than  Mars  certainh^  entitles  his  evidence  to  the  very  high- 
est consideration. 

COLUMELLA. 

In  speaking  of  roses  Columella  compares  their  hues  to  Tyriai 
purple,  the  rising  sun,  Sirius,  Mars  and  Venus  (when  setting  with 
the  evening  glow  or  rising  with  the  dawTi) : 

•*  Jnmque  Dionse  is  redimitnr  floribus  hortus 
Jam  rosa  niitescit  Sarrano  clarior  astro. 
Nee  tarn  nubifugi  Borea  Latonia  Phcebe 
Purpureo  radiat  voltu,  nee  Sirius  ardor 
Sic  micat,  aut  nitilus  Pyrois  aut  ore  corusco 
Hesperus^  Eoo  remeat  cum  Lucifer  ortu." 

(De  Cultu,  Hortorum  Lib.  X,  verse  286.) 

The  reference  to  Venus  evidently  is  more  concerned  with  the 
ruddy  glow  of  the  sky  at  sunset  and  sunrise  than  with  the  color 
of  the  planet  when  high  in  the  heavens;  for  it  is  absurd  to  sup- 
pose Columella  woidd  compare  a  rose  to  a  body  which  is  merely 
bright  without  any  color.  The  language  seems  to  imply  that  all 
the  objects  enumerated  were  of  about  the  same  color,  and  that 
the  comparison  was  suggested  by  the  brilliant  colors  of  roses. 

PLINY. 

In  the  Natural  History  a  good  many  astronomical  allusions 
occur,  but  only  three  bodies  are  in  any  case  called  *'ardens/*or 
*•  igneus,"  and  these  are  Sirius»  Mars  and  the  rising  Sun: 

•*Suus  quidem  cuique  color  est,  Saturno  candidus, 
Jovi  clarus,  Marte  igneus»  Lucifero  can  dens »  Vesperi  refulgens* 
Mercurio  radians,  Lun^  blandus,  Soli,  cum  oritur,  ardens,  post 
radians/*  (Nat.  Hist.  Lib.  II..  cap,  XVIIL) 

In  speaking  of  the  Etesias,  a  wnnd  which  blew  from  the  North 
about  the  rising  of  the  Dog  Star,  *'ardentissimo  tempore/*  Pliny 
sa3-s : 

**  Mollire  eos  creditur,  solis  vapor  geminatus  ardore  sideris,  nee 
ulli  ventorum  magis  stati  sunt/*  (Nat.  Hist.  Lib.  II,cap.XLVIL) 

The  following  allusion  to  rabies  in  dogs  is  of  great  importance: 

*' Rabies  canum  Sirio  ardentc  liomini  pestifera»  ut  diximus,  itn 
raorsis  letali  aqme  nietu/*  (Nat,  Hist.  Lib.  VIII,  cap.  LXIII.) 

It  is  worth  noting  that  PHny  in  speaking  of  Cauopus  does  not 
call  it  **ardens,**  but  **Sidtis  ingens  et  clarum."  (Lib.  VI.  cap. 
XXIV/) 
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We  now  come  to  some  ver\'  remarkable  evidence  confirming  the 
ancient  redness  of  Sirius.  Pliny  (Nat.  Hist.  Lib.  XYIII,  cap. 
XXIX)  mentions  the  Roman  agricultural  festivals  known  as  the 
Robigalia  (to  avert  the  rust  of  the  com),  the  Floralia  (that  the 
blooming  fruits  might  mature)  and  the  Vinalia  (a  festival  conse- 
crated to  the  vine).  All  of  these  festivals  were  held  in  May,  at 
which  time  the  Sun  began  to  enter  the  sign  of  Taurus,  and  conse- 
quently to  approach  Sirius.  Plin^^  says  the  Floralia  was  insti- 
tuted in  the  year  of  the  city  516  (238  B.  C),  at  the  bidding  of  the 
oracle  of  the  Sibyl,  and  it  is  certain  that  it  continued  down  to 
the  time  of  the  Christian  Emperors. 

Now,  Ovid  speaks  of  the  sacrifice  of  dogs  to  the  Dog  Star  made 
at  these  festivals : 

**  Est  canis,  Icarium  dicunt,  quo  sidere  moto 
Tosta  sitit  tellus,  praecipiturque  seges. 
Pro  cane  sidero  canis  hie  imponitur  arae : 
Et,  quare  pereat,  nil  nisi  nomen  habet." 

(Fastonim,  Lib.  IV,  939.) 

But  the  most  trustworthy  evidence  regarding  the  sacrifices  at- 
tending the  celebration  of  the  Floralia  is  to  be  obtained  from  the 
grammarian  Festus,  who  probably  flourished  in  the  time  of  the 
Antonines. 

SEXTUS  POMPEIUS  FESTUS. 

The  title  of  this  author's  work  is  **Sexti  Pompei  Festi  de 
Verborum  Significatu  quae  supersunt  cum  Pauli  Epitomae,*'  (edi- 
tion of  ^milius  Thewrewk,  Berlin,  1890.) 

Under  the  word  **  Catularia  "  wc  read  : 

"Catularia  porta  Romae  dicta  est,  quia  non  longe  ab  ea  ad  pla- 
cendum  Caniculae  sidus  frugibus  inimicum  rufae  canes  immola- 
bantur,  ut  fruges  florescentes  ad  maturitatem  perducerentur.'' 

(Word,  Catularia  p.  31.) 

In  the  **  Fragmenta  **  Festus  sa3's : 

**Rutilae  canes,  id  est  non  procul  a  rubro  colore,  immolantur,  ut 
ait  Atetus  Capito  Canario  Sacrificio  pro  frugibus  deprecandae 
servitae  causa  sideris  Caniculae.''  (p.  396.) 

Thus  it  is  clear  that  at  the  Floralia  ruddy  dogs  were  sacrificed 
"ad  placandum  Canicula?  sidus;"  wh}-  ruddy  dogs  rather  than 
dogs  of  any  other  color?  There  is,  I  think,  only  one  explanation 
of  this  remarkable  pagan  lite,  and  that  is  that  the  star  was  red 


and  that  dogs  of  the  same  color  (non  prociil  a  mbro  colore)  were 
demanded  to  satisfy  the  ruddy  Dog  Star,  and  ward  off  its  evil 
**  influences,"  so  that  the  blooming  fruits  might  not  suffer  blight 
when  the  fiery  Sirius  came  into  conjunction  with  the  Sun»  but 
(the  *'angr\^  **  star  being  appeased)  be  brought  to  full  maturity. 
It  must  be  remembered  that  it  was  a  very  common  belief  among 
the  ancients  that  stars  were  deities  demanding  special  propitia- 
tion. It  is  difficult  to  imagine  a  more  incontestible  proof  of  the 
ancient  redness  of  Sirius  than  that  furnished  by  a  wide-spread 
pagan  rite  extending  over  centuries  and  celebrated  annually  with 
the  greatest  hilarity  and  splendor.  The  annual  sacrifice  of  ruddy 
dogs  to  Sirius  must  have  made  the  Dog  Star  very  well  known  to 
everybody  at  Rome,  and  this  is  what  we  should  infer  to  have 
been  the  fact  from  the  frequency  with  which  the  star  is  mentioned 
by  classic  authors.  The  existence  of  such  a  religious  rite  also 
makes  it  impossible  that  learned  men  like  Cicero,  Seneca,  Horace, 
and  Pliny  can  have  been  ignorant  of  the  color  of  Sirius, 

PTOLEMV. 

In  the  Catalogue  (7th  and  Sth  books  of  the  Almagest)  Pto- 
lemy calls  Arctunis,  Aldebaran,  Pollux^  Betelgeux,  Antares  and 
Sirius  (ti:*fK(p/h*s\  **  fiery  red/*  All  of  these  stars  except  Sirius  are 
istill  red  or  reddish,  and  there  are  no  other  conspicuous  stars  so 
highly  colored  as  these.  Ptolemy  therefore  did  not  overlook  the 
red  color  of  the  most  conspicuous  stars,  and  on  this  account,  as 
well  as  on  account  of  the  genius  displayed  in  his  immortal  Al- 
magest, he  is  by  far  the  greatest  authority  of  antiquity  for  the 
appearance  of  a  heavenly  body.  His  note  on  Sirius  in  enumerat- 
ing the  stars  in  the  constellation  A^«iv  is  this: 

(edition  of  Halme  and  Delambre,  Vol.  IL  p.  72), 

The  Basel  manuscript  reads  **AViitfv  l>T.uui$fm^  instead  of  •'A»)upv  ^a\ 
wtitupfioii^*'  and  this  reading  has  been  adopted  by  Mr.  Frances 
Baily  in  his  edition  of  Ptolemy's  Catalogue,  published  in  the 
Memoirs  of  the  Royal  Astronomical  Society,  vol.  XIIL  Since, 
however,  the  meaning  remains  unchanged,  it  is  not  a  matter  of 
any  importance  which  reading  we  accejjt.  It  has  been  asserted 
by  Mr.  W.  T.  Lynn  {Observatory,  vol.  X,  p.  104)  that  the  note 
on  Sirius  is  ** somewhat  peculiar;"  but  after  comparing  it  with 
Ptolemy*s  notes  on  other  red  and  bright  stars  I  fail  to  discover 
anything  suspicious  about  the  record  he  has  left  us.  Thei^  is 
only  one  other  convenient  form  in  which  the  note  could  have  l)een 
written : — 


mi 


T.  /.  /.  See.  381 

Adopting,  however,  the  reading  given  by  Baily,  the  language 
of  Ptolemy  in  regard  to  Sirius  is  exactl}-  similar  to  that  used  for 
Arcturus.  Professor  Schjellerup  in  the  introduction  to  his  ad- 
mirable translation  of  Al.Sflfi's  **  Description  of  the  Fixed  Stars," 
was  the  first  to  question  the  genuineness  of  the  language  of  the 
Almagest  in  regard  to  Sirius;  Mr.  Lynn  and  Miss  A.  M.  Gierke 
("System  of  the  Stars/'  p.  146)  have  followed  Professor  Schjel- 
lerup in  explaining  Ptolem\'*s  **A'Wv  xa)  n'oxtf,f>0'^^'  as  a  tran- 
scriber's error  for  *•  AVWv  xa\  Izifno^-^''  an  explanation  a  priori  very 
improbable  on  account  of  the  magnitude  of  the  error  postulated, 
and  in  fact  without  the  slightest  foundation,  as  we  shall  now 
proceed  to  show. 

Professor  Schjellerup  believed  he  had  discovered  in  Albategnius' 
"De  numero  Ste/Zan/m  "—usually  known  as  **De  Scientia  Stel- 
larum  Fixarum  "—a  statement  that  Ptolemy  mentioned  only  five 
red  stars,  and  from  this  he  concluded  that  Sirius  was  not  classed 
as  a  red  star  in  the  Arabian  versions  of  Ptolemy's  Almagest. 
Plato  Tibertinus  published  in  one  volume  at  Nuremberg  in  1537, 
a  Latin  translation  (which  is  so  bad  that  Delambre  calls  it 
*' semi-barbaric")  of  a  part  of  Alfraganus'  '' Elementa  Astron- 
omical^ and  Albategnius'  **I>e  numero  Stellarum'^  under  the 
name  of  "Z>e  motu  Stellarum,''  but  the  work  is  usually  known 
as  **Z>e  Scientia  Stellarum''  Now,  in  the  part  of  this  work 
taken  from  Alfraganus  where  the  stars  catalogued  b^^  Ptolemj' 
are  enumerated,  we  read  **5  rubese,"  but  the  reading  should  be 
**5  nebulosse,"  as  we  see  b3'  referring  to  the  good  edition  of  Al- 
fraganus published  at  Frankfort  (in  1590  and  1618)  by  Jacob 
Christmann,  and  to  the  still  better  translation  (with  Latin  and 
Arabic  text)  published  by  the  illustrious  Arabic  scholar,  Jacob 
Golius,  at  Amsterdam,  in  1668.  In  Tibertinus'  work  the  chap- 
ter in  which  the  passage  occurs  is  numbered  XIX,  and  likewise  in 
Golius'  translation,  but  in  Christmann's  the  number  is  XXII. 

The  correct  reading  is  therefore  **5  nebulosae,"  which  agrees 
with  what  IHolemy  has  given  at  the  end  of  his  catalogue,  where 
he  sums  up  the  number  of  stars  of  the  different  magnitudes  and 
also  those  classed  as  "nebulous"  and  ** obscure,"  but  gives  no 
summary  of  those  classed  as  vTzoxtpfu*^,  Now  this  summary  of 
Ptolemy  18  copied  by  both  Alfraganus  and  Albategnius  verbatim 
et  literatim  without  any  addition  or  change  whatever.  There, 
fore  1  do  not  hesitate  to  venture  the  opinion  that  no  Arabian'As- 
tronomcr  ever  went  to  the  trouble  to  count  up  Ptolemy's  red 


stars.  This  servile  repetition  of  Ptolemy's  summary  without 
adding  to  it  the  number  of  stars  classed  as  red  is  another  proof 
of  the  proverbial  sterility  of  the  Arabian  genius. 

I  have  very  carefully  examined  Albatcgnius'  "De  iwmero  SteJ- 
larum''  (both  Tibertinus'  edition,  and  that  of  Ugullottus.  which 
appeared  at  Bologne  in  1645) »  as  well  as  Alfragenus'  **  Eletnenta 
Astronomica''  (editions  of  Christmann  and  Golius),  with  the  fol- 
lowing results : — 

(1).  Albategnius  and  Alfraganus  are  both  absolutely  silent 
concerning  Ptolemy's  observations  of  red  stars*  (And  the  same 
is  true  of  Al  Siifi  and  Ulugh  Beigh,  as  we  shall  presently  see). 

(2).  Albategnius  himself  does  not  note  the  color  of  any  star; 
but  Alfraganus  speaks  incidentally  of  the  color  of  Antares,  FoU 
lux  and  Aldebaran. 

Therefore  it  is  evident  that  Professor  Schjellenip  was  misled  by 
the  false  translation  of  Plato  Tibertinus,  and  there  is  no  au- 
thority for  the  statement  that  Albategnius  gave  the  number  of 
Ptolemy's  red  stars  as  five.  Alfraganus  and  Albategnius  both 
flourished  about  the  end  of  the  9th  century,  and  are  among  the 
most  important  authorities  dating  from  the  era  of  Saracen 
splendor.  As  respects  the  colors  of  the  stars,  however,  the  au- 
thority of  Al  SOfi,  who  flourished  abont  the  middle  of  the  10th 
century,  is  greater,  and  indeed  the  greatest  of  all  the  Arabian  As- 
tronomers. His  **  Description  of  the  Fixed  Stars'*  is  founded 
upon  the  catalogue  of  Ptolemy,  and  the-  name  of  Ptolemy  is 
often  mentioned  in  locating  the  stars  of  a  constellation  in  their 
respective  places,  but  Sufi  never,  in  a  single  instance,  alludes  to 
Ptoleaiy^s  observations  at  the  colors  of  the  stars,  Al  Siifi  noted 
as  red  the  following  stars:  Aldebaran.  Arcturus,  Antares,  Betcl- 
geux,  Pollux,"  Hydra*,  and  —mirabile  c//ctw— Algol!  Nothing  is 
said  of  the  color  of  Sirius,  and  after  calling  it  "very  brilliant,*' 
and  locating  it  in  the  mouth  of  the  Dog,  S(lfi  proceeds  to  relate 
an  Arabian  fable  in  which  Sirius  and  Canopus  are  spoken  of  as 
sisters.  This  fable  would  seem  to  impW  that  Sirius  and  Can- 
opus  could  not  have  had  conspicuously  different  colors  in  the 
10th  century;  they  ap[>ear  now  to  be  exactly  the  same  color, 
as  near  as  1  couid  determine  by  naked-eye  observation  at  Cairo. 
Egypt  (March  15th,  1891.) 

Al  SOfi  therefore  noted  the  colors  of  all  of  Ptolemy's  red  stars 
except  Sirius,  and  added  to  the  list  a  Hydr^e,  which  is  now  red- 
dish^ and  Algol  which  is  perfectly  white,  Silfi  and  Schmidt  (on 
one  occasion  at  Athens  in  1S41)  are  the  sole  authorities  for  the 
redness  of  Algol;  it  remains,  therefore,  uncertain  whether  Algol 
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has  changed  its  color,  or  is  subject  to  temporary  suffusion  of  red- 
ness, or  whether  the  two  observers  have  in  some  way  been  de- 
ceived. The  fact  that  Sflfi  says  nothing  of  Ptolemj-'s  observa- 
tions of  red  stars,  and  that  he  noted  the  color  of  a  Hydrae  and 
Algol,  would  lead  one  to  conclude  that  Sflfi's  notes  were  the  re- 
sult of  his  own  incidental  observations;  there  is  no  reason  to 
suppose  he  devoted  especial  attention  to  the  colors  of  the  stars. 

Ulugh  Beigh  in  his  catalogue  (edition  of  Baily,  Mem.  Roy.  Ast. 
Soc.,  vol.  XIII)  notes  the  colors  of  Antares,  Aldeberan,  Betele- 
geux  and  Pollux ;  but  overlooks  the  color  of  Arcturus  and  «  Hy- 
drae, and  says  nothing  of  the  color  of  Algol  or  Sirius.  In  Tycho 
Brahe's  catalogue  Antares  alone  is  noted  as  ruddy;  Sirius  is 
called  "splendidissimo.**  Alfraganus,  Albategnius,  Al  Sflfi  and 
Ulugh  Beigh  are  the  only  important  Arabian  authorities  on  the 
appearance  of  the  fixed  stars.  Therefore,  since  all  of  these  are 
sQent  concerning  the  color  of  Sirius,  it  is  very  unlikely  that  anj" 
information  will  ever  be  obtained  from  lesser  Saracen  authorities. 

We  see  therefore  that  the  Arabians  throw  no  light  whatever 
upon  Ptolemy's  record  of  the  color  of  Sirius;  and  we  have  also 
seen  that  there  is  absolutely  no  ground  for  supposing  an  error  to 
have  crept  into  our  copies  of  the  Almagest.  Therefore  there  is 
every  reason  to  suppose  that  Ptolemy  himself  classed  Sirius  as 
fiery  red.  That  he  can  have  mistaken  the  color  of  this  star  in 
the  steady  atmosphere  of  Egypt  is  quite  incredible.  For  Sirius 
attained  a  high  elevation  in  passing  the  meridian,  and  Ptolemy 
was  not  deceived  by  atmospheric  scintillation,  as  is  proved  by 
the  fact  that  he  assigned  no  colors  to  bright  stars  lying  much 
further  south,  such  as  «  Centauri  and  Canopus.  Moreover  the 
present  scintillation  of  Sirius  (as  I  have  found  by  careful  observa- 
tion) is  exceedingly  blue  with  scarcely  a  trace  of  red;  and  this  is 
a  general  reason  why  the  ancients  can  not  have  been  deceived  by 
atmospheric  effects  upon  the  light  of  the  star ;  for  had  they  as- 
signed the  color  from  scintiliation  such  as  it  now  shows,  the  star 
would  certainh'  have  been  classed  as  blue. 

CONCLUSION. 

We  have  seen  that  the  highest  authorities  of  antiquity  affirm 
the  redness  of  .Sirius,  and  that  there  is  no  authority  who  affirms 
that  the  star  was  white.  We  have  also  seen  that  the  ancients 
distinguished  between  the  red  and  white  stars  and  that  the  dis- 
tinctions were  correctly  made.  It  has  been  shown  that  the 
whole  ancient  world  ascribed  the  intense  heat  of  the  **  Dog  Daj's  *' 
to  the  •* influence"  of  the  '* burning  Dog  Star,"  and  that  evil 


"influences"  were  usually  supposed  to  proceed  from  bodies  pre- 
seriting  a  fiery  (''angry'')  appearance,  and  ** salutary- **  influences 
from  those  which  shine  with  a  clear  brilliant  light.  Moreover,  at 
the  celebration  of  the  Floralia,  when  the  Sun  was  drawing  near 
to  Sirius,  we  have  see!i  that  ruddy  dogs  were  sacrificed  **ad  pla- 
candiim  Canicula?  sidus/'  Wherefore,  from  this  many-sided  and 
overwhelming  testimony  it  incontestibly  follow^s  that  in  the  be- 
ginning of  our  era  (and  perhaps  during  countless  centuries  ante- 
cedent thereto)  Sirius  shone  with  a  ruddy  light;  and  since  Seneca 
says  explicitly  that  the  star  was  redder  than  Mars,  and  there  is 
every  reason  to  believe  his  statement,  we  may  conclude  that 
the  Dog  Star  was  then  the  reddest  body  in  the  sky,  not  even  ex- 
cepting the  niddy  An  tares. 

The  following  is  the  comparative  evidence  for  the  ancient  red- 
ness of  the  two  stars  : 


Author.  SJriuft,  Antitrca. 

Ptolemy ***jff«xt/i/Jo':"  ..„,,,.,..,... /*  *'>TfUn'*nac/** 

Geminus •*7ru/)fv»5*'      (multitude 

Seneca  ........  Acrior  sit  Caniculae  ru- 
bor, Martis  remissior/* 

Pliny ...*.**  Ardore     Sideris ''     and 

**Sirio  ardente"  (like 
Mars  and  rising  Sun). 

Cicero ...**rutilo  cum  lumine/' 

Germanicus .  **  Cursu  nitili  *' .**  ardenti  cum  jjcctore"* 

Aratus ^W.umh^-^^ 

Horace ** rubra   Canicula.*' 

Festus .........  *'Ruti!a?  Canes  imraola- 

bantur  ad  placandum 
Canicula?  Sidus.'' 

Columella..,.** Sirius  ardor/^ 

Hesoid **  Itifnui  aUt/^ 

Yirgil **  Ardebat  in  cceId/ ' .........  **  ardens  " 

Manilus **rabitsuo  igne.*'... **  ardenti  astro** 

TheOO... "routiloT/' 

Ap.  Rhodius.**  Xef^foy  l^^f^r." 

Euripides **  Trt^/itV  ^fXtryia^^'* 

Avienus **multus  rubor.** 

Homer **fifftt  KoXXoy  i^uptroif^^^  and 

"jfaAjEWf,**  also  **  d«<£/iar<iy 
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From  this  investigation  it  follows  that  Sirius  has  become  white 
since  the  time  of  the  Roman  emperors,  and,  if  we  may  trust 
Theon  and  Avienus,  perhaps  since  the  end  of  the  fourth  century. 
That  the  star  was  not  conspicuously  red  in  the  tenth  century 
maj-  be  inferred  from  the  silence  of  Al  Sflfi ;  but  farther  than  that 
can  not  at  present  be  determined.    The  star  may  have  changed 
color  very  suddenly,  or  its  redness  may  have  gradually  faded 
with  the  centuries  and  disappeared  slowly  like  the  ancient  civili- 
zation.   There  is  practically  no  record  of  the  heavens  from  the 
time  of  Theon   to  Al  Sflfi;    and  therefore  the  rapidity  of  the 
change  can  not  be  ascertained.    In  modem  times  the  star  has 
always  been  seen  white,  and  therefore  there  is  no  suspicion  that 
the  color  changes  periodically.    The   redness  of  a  star's  light 
depends   without  doubt  mainly  upon  the  selective  absorption 
in  its  own  atmosphere ;  therefore  the  natural  explanation  of  this 
change  of  color  would  seem  to  be  a  change  in  the  atmosphere  by 
•which  Sirius  is  surrounded.    This  might  take  place  solely  from 
the  secular  contraction  of  the  mass,  and  when  we  remember  the 
enormous  rate  at  which  Sirius  is  losing  radiant  energy,  an  expla- 
nation of  this  kind  seems  very  likely  to  be  correct.    The  emission 
of  heat  and  light  is  at  least  one  hundred  fold  that  of  our  Sun,  and 
therefore  two  hundred  thousand  years  of  solar  radiation  will 
scarcely  equal  a  radiation  of  two  thousand  years  in  Sirius.    And 
we  are  certainly  far  from  being  able  to  affirm  that  our  Sun  was 
not  red  two  thousand  centuries  ago.    The  change  in  the  color  of 
Sirius  during  the  last  2,000  years  is  not  then  so  very  remarkable, 
as  it  could  result  from  purely  natural  causes ;  but  we  shall  not  in 
this  paper  attempt  to  assign  the  cause  of  the  change.    It  is  suffi- 
cient for  the  present  to  establish  the  fact. 

It  only  remains  to  add  that  in  the  foregoing  investigation  the 
authorities  cited  have  been  examined  with  the  most  scrupulous 
care,  and  therefore  I  do  not  think  anything  of  any  importance 
can  have  been  overlooked.  From  Censorinus,  Varro,  Cato,  Aris- 
totle (Treatise  on  the  Heavens),  Plato,  Sophocles, -^schylus,  Pin- 
dar, Tacitus,  Polybius,  Livy,  Manetho  and  Empedocles,  I  have 
not  been  able  to  obtain  any  information  of  any  value.  There  are 
some  other  classic  authors  from  whom  information  might  be  ob- 
tained, and  it  would  also  be  interesting  to  extend  the  inquiry  to 
the  Egyptian,  Chaldean,  Assyrian,  Indian  and  Chinese  writers, 
but  it  is  doubtful  whether  much  would  be  gained.  The  foregoing 
testimony  of  the  Greeks  and  Romans  seems  to  have  settled  the 
question  already,  and  time  employed  in  this  manner  would  per- 
haps be  largely  wasted. 


Since»  therefore,  Sirius  was  formerly  red,  and  is  now  white,  it 
follows  that  some  of  the  red  stars  become  white  in  the  course 
of  ages,  and  this  we  may  perhaps  infer  to  he  the  general  law  of 
color  in  celestial  evolution.  Whilst,  therefore,  I  think  we  may 
conclude  that  red  stars  in  time  become  white,  it  does  not  follow 
that  all  white  stars  have  tornieiiy  been  red;  lor  if  this  were  the 
case  the  sidereal  system  at  some  jiast  time  must  perhaps  have 
been  as  red  as  it  is  now  white,  which  is  verv  improbable.  It 
would  be  a  matter  of  great  scicntihc  interest  to  determine  the  ex- 
act shade  of  all  the  important  colored  stars  now  visible,  so  that 
changes  which  might  hereafter  take  place  could  easily  be  recog- 
nized.  and  thus  the  order  of  color  evolution  determined  with 
greater  certainty.  It  is  always  possible  {though  very  improb- 
able) that  an  individual  change  of  color  may  result  from  some 
exceptional  circumstance,  and  therefore  it  is  dcsiralile  to  establish 
as  early  as  possible  a  considerable  number  of  changes,  so  that  the 
effects  of  chance  maybe  eliminated,  and  the  phenomena  referred 
to  their  tiiie  physical  cause. 

Royal  Observatory,  Berlin,  Jan.  28,  1892. 
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MARCH  e,  I892.' 


SWIFTS      COMET      OF 


B.  B.  BARNARD 


I  have  observed  Swift *s  new  comet  on  ever>^  available  occasion 
since  March  7. 

Unfortunately  a  prolonged  cloudy  spell  prevented  many  obser- 
vations during  March  and  psx)ecially  during  the  latter  half  of  the 
month;  no  opportimity  occurring  to  observe  the  comet  until[the 
morning  of  April  4  when  the  sky  cleared  after  midnight. 

At  this  observation,  on  the  morning  of  the  4th,  the  remarkabl 
growth  of  the  comet  was  at  once  apparent.  At  the  previous  ob- 
servations, March  7,  8,  9  and  15th,  though  distinctly  visible  to 
the  naked  eye  as  a  large,  hazy  star  of  the  5th  or  6th  magni- 
tude, no  tail  whatever  was  visible,  and  only  an  incipient  one 
could  be  seen  with  the  telescope. 

On  the  morning  of  April  4  the  head  was  slightly  less  than  the 
3d  magnitude.  The  tail  was^tully  twenty  degrees  long  and 
straight  and  slender.  Careful  sketches  were  made  of  the  posi- 
tion of  the  tail  as  seen  bv  the  naked  eye  and  of  the  head  and  tail 
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as  seen  in  the  12-inch.  The  head  was  undeveloped  and  round 
with  a  bright  nucleus  which  showed  indications  of  fans  on  the 
sunw^ard  side.  The  telescopic  view  of  the  tail  showed  it  to  con- 
sist of  two  branches,  well  defined  on  their  outside  edges. 
Scarcely  any  nebulosity  was  visible  between  these  two  tails.  The 
northern  tail  prolonged  would  have  passed  through  the  nucleus. 
There  was  positively  no  trace  of  a  third  branch. 

On  the  morning  of  the  5th,  I  made  a  photograph  of  the  comet 
-with  the  6-inch  Willard  lens  strapped  on  to  the  6%-inch  equa- 
torial. The  nucleus  was  followed,  and  an  exposure  of  one  hour 
was  given.  During  about  three-fourths  of  the  exposure,  the 
comet  was  covered  with  haze  and  clouds. 

This  photograph  showed  a  remarkable  state  of  affairs.  There 
were  now  three  main  branches  to  the  tail — a  new  one  having 
sprung  out  between  the  two  which  were  seen  on  the  previous 
morning.  Each  of  these  branches  was,  in  turn,  separated  into 
several  others  until  at  least  a  dozen  could  be  counted.  The 
comet's  head  was  about  19^  in  diameter  and  the  width  of  the 
tails  where  they  joined  the  head,  about  13'.  The  north  tail — a 
narrow  ray— was  2°  long.  The  middle  tail  ran  off  the  plate  at 
a  distance  of  8°  from  the  nucleus.  • 

At  a  distance  of  two  degrees  from  the  head,  along  the  northern 
side  of  the  middle  tail,  a  sudden  bend  southward  occurs,  from 
whence  the  tail  continues.  Springing  from  the  north  preceding 
portion  of  the  head,  two  fine,  dark  thread-like  lines  are  shown. 
These  appear  to  be  darker  than  the  sky  anywhere  on  the  plate, 
though  they  may  be  simply  due  to  contrast,  as  there  is  a  faint 
strip  of  nebulosity  between  them.  Some  thread-like  strips  of 
nebulosity  emanate  from  the  head  on  both  sides  and  stream  back 
in  the  direction  of  the  tail. 

On  the  morning  of  the  6th,  the  eastern  sky  was  densely  clouded 
and  the  comet  did  not  get  out  of  the  clouds  until  after  4  hours. 
An  exposure  of  half  an  hour  was  given  through  a  hazy  sky  and 
dawn.  This  plate  is  defective,  but  enough  is  shown  to  mark  a 
great  change  in  the  tail.  The  short  northern  branch  had  wholly 
disappeared  and  the  two  others  had  blended  together  more  or 
less  to  form  a  single  flat  train  very  narrow  where  it  joined  the 
head.  There  are  brushes  of  matter  extending  on  both  sides  of 
the  head  in  a  preceding  direction  for  a  few  minutes  of  arc.  The 
tail  was  much  broken  by  longitudinal  stripes. 

On  the  morning  of  the  7th  perhaps  the  most  successful  picture 
of  the  series  was  made.  This  exposure  extended  from  3**  30™  to 
4^  35™.  The  sky  was  free  from  clouds,  but  moonlight  and  dawn 
interfered.  The  most  remarkable  changes  are  shown  on  this 
plate.    The  southern  component,  which  was  the  brightest  on  the 
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5th,  had  become  diffused  and  fainter,  while  the  middle  tail  was 
very  bright  and  broad.  Its  southern  side,  which  was  the  best  de- 
fined, was  wavv  in  numerous  places— the  tail  api>earing  as  if  dis- 
turbing currents  were  flowing  at  right  angles  to  it.  At  42^  from 
the  head  the  tail  made  an  abrupt  bend  towards  the  south  as  if  its 
current  was  deflected  by  some  obstacle.  In  the  densest  portion 
of  the  tail  at  the  point  of  deflection,  is  a  couple  of  dark  holes 
— similar  to  those  seen  in  some  of  the  nebula.  The  middle  por- 
tion of  the  tail  is  brighter  and  looks  like  crumpled  silk  in  places. 
The  width  of  the  tail  at  2°  from  the  head  is  54'. 

On  the  morning  of  the  Sth  in  moonlight  and  dawn,  au  exposure 
of  one  hour  was  given.  This  plate  was  developed  with  dimculty 
as  the  strong  moonlight  and  dawn  had  fogged  it  somewhat,  and 
the  resultixig  image  is  necessarily  weak  but  clearly  defined. 
The  tail  is  traceable  tor  upwards  of  1(T\  where  it  leaves  the  plate. 
The  most  remarkable  changes  had  occurred  since  the  preceding 
morning.  Near  the  head  the  tail  was  spht  up  into  six  different 
branches.  The  northern  being  no  longer  the  main  branch;  it 
seems  to  have  faided  out  while  the  southern  branch  is  the  most 
prominent  and  shows  a  remarkable  and  unique  phenomenon.  At 
1  42'  back  of  the  head  there  is  a  projecting  lump-like  mass  from 
the  south  side  of  the  tail.  This  leaves  the  tail  at  an  angle  of 
about  115^',  and  extending  out  for  a  space  of  about  15',  From 
this  the  tail  again  continues  its  course.  A  lesser  projection  is 
seen  on  the  north  side  of  this  same  branch.  At  one  degree  back 
of  the  head  there  is  a  sharp  bend  in  this  tail  towards  the  north. 
exactlv  similar  to  the  bend  which  was  x-isiblc  in  the  north  tail  on 
the  7th. 

Some  of  these  remarkable  changes  in  the  relative  brightness  of 
the  component  parts  of  the  tail,  etc..  as  shown  on  the  photo- 
graphs of  difterent  mornings,  would  almost  suggest  a  rotation  of 
the  tail  on  an  axis  through  the  nucleus.  Unfortunately  cloudy 
weather  and  moonlight  have  prevented  anything  definite  in  ex- 
planation of  these  changes. 

This  comet,  with  a  head  of  the  3rd  magnitude,  and  a  rather 
strongly  marked  tail  twenty  degrees  in  length,  is  the  largest 
comet  visible  in  the  northern  hemisphere  since  the  great  comet  of 
1882.  It  is  the  first  large  comet  that  the  photographic  plate  has. 
been  applied  to  successfully  since  that  of  1882,  and  the  phenom-^ 
ena  shown  and  the  exceedingly  rapid  changes  recorded,  would 
seem  to  show  that  this  is  one  of  the  most  remarkable  comets  we 
have  yet  had. 

I  secured  a  number  of  sketches  of  the  position  of  the  tail  among 
the  stars  which  will  be  valuable  in  connection  with  the  photo- 
graphs, in  a  study  of  the  physical  structure  of  this  remarkable 
comet. 

For  the  inspection  of  the  editor  of  this  journal  I  send  two  glass  , 
positives  from  the  negatives  of  April  4  and  6.    From  a  lack  of  the' 
proper  transparency  plates,  these  are  not  as  good  positives  as  I 
would  wish,  and  therefore  are  not  suitable  for  reproduction  here. 
It  is  proposed  later  to  make  a  thorough  discussion  of  these  pho- 
tographs, 

Mt,  Hamilton  1892,  April  12, 


Astro-Physics. 


ON  THE  SPECTRA  AND  PROPER  MOTIONS  OF  STARS.* 


\V.  H.  S.  MONCK. 


I  have  more  than  once  called  attention  to  the  relation  between 
the  spectra  of  stars  and  their  proper  motions,  and  in  the  Febru- 
ar\'  No.  of  Astronomy  and  Astro-Physics,  I  suggested  that  the 
broad  distinction  between  Sirian  and  Solar  stars  was  insufficient 
for  the  purpose,  and  that  it  would  be  necessary  to  take  into  con- 
sideration the  minuter  distinctions  given  in  the  Draper  Cata- 
logue, I  now  send  the  result  of  applying  this  distinction  to 
stars  of  the  types  designated  B  and  F  in  the  Draper  Catalogue^ 
and  I  think  the  difference  will  be  found  rather  startling.  I  did 
not  carry  the  comparison  below  the  5th  magnitude  (according 
to  the  Harvard  Photometry)  because  Professor  Pickering  admits 
that  the  classification  of  the  spectra  of  the  fainter  stars  in  the 
Draper  Catalogue  is  not  to  be  relied  on  in  its  full  details.  The 
sub-classes  B  and  F  stand  nearly  at  opposite  extremities  of  the 
scale  as  regards  proper  motion,  and  the  average  motion  for  the 
latter  sub-class  is  so  large  as  to  suggest  that  the  Sun  forms  one 
of  a  cluster  of  stars  belonging  chiefly  to  this  sub-class  or  to  the 
sub-class  E  which,  in  many  respects,  resembles  it.  Other  grounds 
might  be  urged  in  support  of  this  hypothesis,  but  in  the  present 
article,  I  confine  myself  to  facts.  The  magnitudes  are  taken 
from  the  Harvard  Photometry,  and  the  Proper  Motions  from 
Mr.  Main's  Catalogue. 


STARS  WITH  SPECTRUM  B. 


Star. 


Maji^. 


Proper  Motion. 
Parallel.    X.  P.  D. 


r  Ononis  1.86 

fi  Canis  Majoris  2.01 
6  Saisrittarii  2.30 

'^  Ononis  2.36 

V  Canis  Majoris  2.4-1 
<»  Scorpii  2.52 

/^Scorpii  2.UI 

» Ononis  2.97 

C  Canis  Majoris  3.01 


«  Scorpii 
fi  Ophiuchi 
^Taori 
*  Herculis 
^  Ononis 
67  Ophiuchi 
•iCctV 
''•  Scorpii 
K  Cassiopeis 


3.08 
3.44 
3.59 
3.92 
3.98 
4.02 
4.13 
4.17 
4.18 


0.03 
0.01 
0.00 
0.02 

—  0.05 

—  0.01 

—  0.03 
0.02 
0.03 

—  0.04 

—  0.04 

—  0.03 
0.15 
0.03 
0.00 
0.05 

—  0.03 

—  0.01 


0.04 
0.02 
0.08 
0.04 
0.01 
0.01 
0.02 
0.01 

■0.02 
0.04 

-0.02 
0.02 

-0.01 
0.01 
0.03 
0.03 
0.03 

-  0.01 


Star. 

54  Andromeda? 
;i'  Bootis 
r  Tauri 

V  Andromeda; 

V  Cygni 
r-  Cygni 
CO  Ononis 
q  Ophiuchi 
A  Persei 

6  Lacertae 
57  Cygni 
o  Ononis 
48  Librae 
o  Tauri 
^'  Cygni 
u  Herculis 
2  Cygni 


Proper  Motion. 
Magn.   Parallel.    N.  P.  D. 


4.24 
4.38 
4.40 
4.42 
4.44 
4.44 
4.50 
451 
4.54 
4.57 
4.59 
4.65 
4.80 
4.82 
4.87 
4.91 
4.93 


—  0.01 
-0.17 

0.00 

—  0.03 
0.00 
0.00 
0.03 
0.24 

—  0.02 

—  0.04 

—  0.01 
0.02 

—  0.03 

—  0.01 

—  0.05 

—  0.04 
0.01 


0.03 

—  0.09 
0.02 
0.01 
0.01 
0.02 
0.00 
0.21 
0.05 
0.00 
0.00 
0.02 
0.10 
0.01 
0.01 
0.00 

—  0.05 


*  Communicated  by  the  author. 
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STARS  WITH  SPECTRUM  F. 

Proper  Motion. 

Proper  Motion 

^lur 

Ma£ti. 

ParaUcl, 

S  P,  D. 

Star 

Maffa. 

Parallel. 

N.  p-  n. 

Capdla 
feigcl 

0  18 

0.08 

0  43 

42  Comae 

4.38 

—  0.44 

-0  13 

0.32 

—  0  02 

0.02 

43  Com* 

4.38 

—  0.79 

—  0.S9 

Procyon 

0,46 

—  U,72 

1.08 

^  Cygni 

4.39 

0.21 

0.26 

a  Pcrsci 

1.04 

0.02 

0.05 

jt'  Pcgad 

4.41 

—  0,04 

0.05 

Polaris 

2.15 

0.03 

0,00 

n^  Peg  0  si 

4.41 

—  0.01 

O.UO 

/S  Casstojiciri" 

2A2 

0  5U 

0.19 

r  Buotis 

4,50 

—  0,48 

0.05 

rt  Lcporis 

2.67 

o.ni 

O.on 

«^  Draconis 

4.52 

0.00 

0,27 

y  Virsiois 

2  84 

—  0.56 

0.05 

93  Lcoiiis 

4.55 

—  0,20 

0,00 

7t  Siigittarii 

:h.ii 

—  0.06 

003 

P  Cygni 

4.57 

—  0.05 

0.01 

n  Orionis 

3.33 

0.49 

0  01 

t*  Pegaei 

457 

0-18 

—  0.03 

c  Gcminorum 

3Mi 

—  0.10 

0.22 

JT  Aquarii 

4.59 

0.00 

0,01 

tx  THaoguli 

3.59 

0  00 

0.23 

y  Hcrcitlis 

4.63 

—  0.03 

—  0.01 

^  Cfissto|x*ia 

3  04 

1.0.«? 

0.49 

Jf'  Orionis 

4.65 

—  0,23 

f>.in 

/3  Delpbini 

3,74 

n.f»7 

0.04 

0  CygTii 

4,65 

—  0.02 

—  0.15 

ff  Lcporis 

3.74 

-  0.03 

—  0  14 

r  Sagittarii 

4.67 

—  0.U3 

0.05 

y  Ltporis 

3,7n 

—  0.32 

0.37 

20  Opliiuchi 

4.68 

0  06 

0.08 

12  Eridnni 

3.77 

0.33 

—  0  62 

r'  CaiJcri 

4.72 

0.06 

O.ll 

X  Aipjarii 

381 

0.14 

—  0.03 

X  Lconis 

4  74 

-  0,36 

0.08 

r  Cygrti 

3,94 

0.16 

—  0.47 

A  Scorpii 

4.74 

—  004 

iirii 

I  Pc^asi 

3,99 

0.29 

—  0.02 

b  Scorpii 

4.79 

—  0.O7 

0  02 

<<'  Cephci 

4.00 

0.02 

0.02 

d^  Ursit  Ma  juris 

4.79 

—  0  «J3 

O.ll 

it  Sftgtlt^rii 

4.aH 

—  tK06 

0.01 

M  Andromeda^ 

4,80 

0,33 

0,11 

u'  Kndani 

4-10 

—  iKoa 

—  0.07 

r  .\quila' 

4.Si1 

000 

-0  04 

oo  Piscium 

4.16 

0.15 

0  13 

ti  Bool  is 

4.84 

U  00 

0  05 

lOlVsar  Majoris  kl9 

-(K44 

0  27 

36  Ursic  Majoris  4.89 

—  0,11 

—  0.01 

t  Vtrjfinis 

4.23 

0,02 

(».4t 

t  Boolis 

4.9M 

—  0.45 

0.02 

50  Aiulromcda; 

4.24 

—  O.IH 

—  0  39 

r'  Hydrit 

4^.94 

0.1 1 

0,03 

f*  Bool  is 

4.25 

-  0.26 

041 

40  LcotitB 

495 

—  0.27 

0  20 

r  Pistiiim 

4.2H 

0.37 

0  45 

A  .\uriJ;a^ 

4.95 

0,49 

0,70 

H  Canum  Yen. 

4.311 

—  0  77 

—  0,30 

.36  Draconic 

4.98 

0.34 

—  0  ni 

t  Capricorn i 

4.30 

—  0,09 

0,17 

58  Opbiticbi 

4.9S 

-0.14 

—  IM)4 

X  Scr[>cntis 

4.35 

—  0.19 

(J.04 

This,  list  wilU  I  tliink,  he  foiin<l  to  he  pretty  nearly  complete, 
and.  at  all  events,  it  has  been  impartially  selected.  The  higrh 
proper  motions  of  the  stars  of  the  F  type  continue  below  the  fifth 
magnitude  as  far  as  the  Draper  Cntnlog^ue  continues  to  distin- 
guish them.  Several  of  the  stars  in  the  above  list  have  their  spec- 
trum marked  with  a  {?),  and  1  suspect  that  a  more  accurate  de- 
termination ot  their  spectra  would  remove  them  from  the  F  class 
to  some  other:  for  it  is  often  with  the  slow-moving  stars  that  the 
query  occurs.  There  are,  however,  some  bright  stars  of  this  class 
whose  spectra  do  not  appear  to  be  open  to  doubt*  but  whose 
proper  motions  are  notwithstanding  very  small.  Whether  these 
stars  are  really  distant,  or  whether  their  pro|ier  motions  are  neu- 
tralized by  the  motion  of  the  solar  system  in  space  remains  to  be 
ascertained.  It  is  not  probable  that  stars  with  any  particular 
class  of  spectrum  are  to  be  found  near  the  Sun  onI\\  but  there  is 
no  improbability  in  supposing  that  a  particular  type  preponder- 
ates among  our  own  nearest  neighbors.    In  any  case  1  think  the 
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necessity  of  considering  the  spectrum  in  all  questions  connected 
AAnth  the  proper  motions  of  stars  (such  as  the  determination  of 
the  Sun's  motion  in  space),  will  clearly  appear. 
Dublin,  Ireland. 


THE  MOTION  OF  NOVA  AURIG/B  IN  THE  LINE  OF  SIGHT.* 


H.  C.  VOGEL.      ■-  M 

Although  the  spectroscopic  observations  of  the  Nova  in  Au- 
riga are  not  yet  concluded — since  the  star  will  probably  continue 
^^isible  for  some  time — I  consider  it  of  importance,  in  the  interest 
of  the  subject,  to  communicate  my  observations  made  hitherto, 
SLnA  the  conclusions  drawn  therefrom,  even  though  the  latter 
sfaould  not  in  the  future  be  confirmed  in  all  points. 

Concerning,    first,    the    direct  spectroscopic    observations,    I 
Imave,  on  February  20,  observed  the  Nova  with  a  compound  spec- 
-troscope  of  a  dispersion  sufficient  just  to  show  the  nickel  line  be- 
±:ween  the  D  lines.    The  hydrogen  lines  C,  F,  and  Hr  appeared 
tiright.    Their  identification  was  easy  by  means  of  a  hydrogen 
^ube  in  front  of  the  slit.    These  three  lines  did  not  exactly  coin- 
cride  with  the  lines  of  the  comparison  spectrum,  but  were  dis- 
placed considerably  toward  the  red,  without,  however,  separat- 
ing completely  from  the  artificial  lines  since  they  were  very  broad. 
The  continuous  spectrum  appeared  faint,  owing  to  the  compara- 
tively high  dispersion;  and  with  certaint3'  only  the  dark  broad 
F  line  was  recognizable,  situated  toward  the  more  refrangible 
side,  distinctly  separate(\from  the  bright  line  in  the  spectrum. 

Between  C  and  F  a  large  number  of  bright  lines  could  be  seen, 
but  most  of  them  were  too  faint  to  be  fixed  with  certainty.  In 
the  case  of  two  brighter  lines  near  F,  Mr.  Frost,  who  assisted 
in  the  observations,  and  myself,  succeeded  in  making  very  cer- 
tain wave-length  determinations;  we  found  492.5/i/i  for  the 
fainter  of  the  two  lines,  which  appeared  broad  and  fuzzy  on  both 
edges,  and  501.6/i/i  for  the  brighter  line.  The  limit  of  error  is  to 
be  taken  at  about  ±  .3m",  and  it  results  fi-om  the  observation 
wnth  certainty  that  the  brighter  line  is  not  identical  with  the 
double  line  of  the  air  spectrum  or  with  the  brightest  line  of  the 
nebulae,  and  still  less  the  other  with  the  second  nebular  line.  From 
Young's  list  of  lines  most  frequent  in  the  chromosphere,  it  follows 
that  near  F  only  the  two  groups  of  lines,  501.87,  501.59,   and 
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493.44,  492.43,  492.24,  491.92,  frequently  appear  bright.  There 
is  no  doubt  that  both  lines  in  the  spectrum  of  the  Nova  are  chro- 
mosphere lines,  and  this  result  appears  to  me  of  great  importance, 
in  so  far  as  it  is  made  probable  that  the  line  observed  in  Nova 
Cygni  (1876) — W.  L.  500,'i,'/  ±  l,%n — which,  during  the  gradual 
fading  of  the  star,  alone  remained,  was  a  chromosphere  line,  and 
not  the  nebular  line. 

Further  both  Mr,  Frost  and  myself  prohaljlv  saw  the  magne- 
sium lines,  certainly  the  sodium  lines  bright,  as  also  two  lines 
between  fa  and  D,  one  of  which  was  probably  the  well-known 
chromosphere  line  W,  L.  531.72,  also  observed  in  Nova  Cygni. 
B\"  direct  comparison  with  the  hydroctirbon  spectrum,  the 
brightest  band  of  which  nearly  coincides  with  the  b  group,  and 
with  the  sodium  flame,  h  and  D  were  identified.  Mr.  Frost  could 
see  a  displacement  of  the  I>  Hues  in  the  star  spectrum  with  resi>ect 
to  the  comparison  spectrum.  There  was  no  indication  of  hydro- 
carbon bands  in  the  spectrum  of  the  Nova. 

Up  to  the  present  eleven  mostly  very  good  spectrographic  pho- 
togra|>hs  have  been  taken ;  they  were  obtained  by  means  of  a 
small  spectrograph  connected  to  the  photographic  refractor  of 
34  cm.  aperture.  The  dispersion  is  only  small,  but  in  the  small 
spectrum  of  10  mm.  length,  extending  from  F  to  H,  much  detail 
is  discernible.  The  illuminating  power  of  the  apparatus  is  so 
great,  in  spite  of  the  narrow  slit  employed,  that  even  now  an  ex- 
posure of  forty  minutes  is  sufficient  to  obtain  an  image  suitable 
for  measurement.  The  bright  hydrogen  lines  F.  Hr,  A,  H,  and 
the  calcium  Hne,  H.,  are  very  broad;  and,  as  already  announced, 
the  corresponding  dark  lines  of  a  second  spectrum  are  displaced 
with  respect  to  the  bright  lines  toward  the  violet,  and  in  spite  of 
the  breadth  of  the  latter,  are  almost  entirely  separated.  There 
are  also  some  of  the  h3^drogen  lines  in  the  ultra-violet  visible,  but 
they  are  too  faint  for  any  approximately  certain  observation. 

In  the  last  few  days  the  spectrum  has  changed,  inasmuch  as  in 
the  broad  bright  lines  Hr,  A,  H,  and  H^CF  is  only  traced  on  plates 
which  are  over-exposed  for  the  middle  of  the  photographic  spec- 
trum), two  maxima  of  intensitj^  are  plainh^  discernible,  and,  as  in 
each  of  the  corresponding  dark  lines,  a  narrow  bright  line  has 
appeared.  From  the  measurements,  a  connection  l>etween  these 
and  the  hydrogen  lines  appears  liej'ond  doubt,  and  it  is  not  im- 
probable that  these  linear  brightenings  in  the  broad  dark  lines 
indicate  eruptions  of  gases  from  the  interior  of  the  body  possess- 
ing the  continuous  spectnmi  with  the  dark  absorption  lines. 
Such  brightenings  are  occasionally  seen  in  the  spectra  of  Sun- 
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spots.    On  this  supposition,  the  fine  bright  lines  would  indicate 
very  nearly  the  middle  of  the  dark  lines. 

The  appearance  of  two  maxima  of  intensity  in  the  broad  bright 
lines  admits  of  the  conclusion  that  two  bodies  with  different 
motions  possess  spectra  with  bright  lines,  and   that  therefore 
the  spectrum  of  the  Nova  consists  of  at  least  three  spectra  super- 
posed, from    the    measurement    of    which,    in    connection    with 
the  comparison  spectra  of  /^  Aurigae  or  /^  Tauri  on  the  same 
plate,  the  relative  motions  of  the  three  supposed  bodies,  as  well 
as  their  motions  with  respect  to  the  earth,  can  be  determined. 
Denoting  the  body  with  the  dark-line  spectrum  by  a,  the  two 
others  with  bright-line  spectra  by  b  and  c,  measurements  b3' 
Dr.  Scheiner  and  myself  have  given  the  following  results : 
a  —  V2(b  +  c)  =  120  miles,  * 
6  —  c  =  70  miles  ; 
and  further  with  respect  to  the  earth— 

a=  —  90  miles,  b=  —  5,  c  =  +  65  miles. 

This  result  is  still  very  uncertain,  and  must  be  regarded  as 
quite  preliminary,  for  it  is  evident  that  with  the  small  size  of  the 
spectra  the  accuracy  cannot  be  pushed  very  far^a  displacement 
of  .01  mm.  corresponds,  for  instance,  to  a  motion  of  8  to  12 
miles,  according  to  the  situation  of  the  line  in  the  spectrum — and 
that  the  size  of  the  silver  grain  in  the  photographs  can  exert  a 
very  marked  influence  on  the  measurements. 

In  the  photographic  spectrum  of  the  Nova,  besides  the  broad 
lines  mentioned,  several  more  bright  and  mostly  very  broad  lines 
can  be  seen,  whose  wave-lengths  I  intend  to  communicate  later 
on. 

Royal  Observato«v,  Potsdam,  Germany. 


SOME  RECENT  STUDIES  ON  THE  SOLAR  SPECTRUM.f 

A.  L.  CORTIE. 

Until  the  middle  of  this  century  the  term  Physical  Astronomy, 
as  distinguished  from  Observational  Astronomy,  was  usually 
applied  to  those  investigations  of  the  mathematicians  of  the 
mechanics  of  the  celestial  sphere,  by  which  they  triumphantl3' 
vindicated  the  truth  of  Newton's  theory  of  gravitation,  as  giving 
the  only  sufficient  explanation  of  the  motions  of  the  heavenh- 
bodies.    It  then  came  to  be  used  of  all  such  observations  and 

♦  =  about  540  English  miles— Tr.  f   The  Month,  August  1891. 


deductions  therefrom,  as  depend  upon  or  are  explainable  by 
the  principles  of  chemistry'  and  physics.  And  now  this  latter 
branch  of  astronom_v,  sometimes  called  the  New  Astronomy, 
which  has  made  gigantic  strideja  since  the  invention  of  the 
spectroscope  and  our  greater  knowledge  of  the  action  of  light, 
has  almost  entirely  usuq^ed  to  itself  the  title  of  Physical 
Astronomy,  leaving  to  the  older  science  the  name  of  Mathe- 
matical Astronomy.  In  the  following  pages  it  will  be  our 
endeavor  to  give  a  brief  sketch  of  the  recent  progress  which  has 
been  made  in  but  one  line  of  research  in  this  newer  science. 
and  to  record  the  successes  of  the  last  few  years.  We  have  pre* 
faced  and  interspersed  our  review  with  such  remarks  as  are 
deemed  necessary  for  the  clearer  understanding  of  a  technical 
subject  by  those  whose  reading  has  mostly  lain  in  other  direc- 
tions. 

The  first  map  of  the  solar  spectrum,  which  could  pretend  to 
give  a  picture  of  the  chief  dark  lines,  or  images  of  the  slit  of  the 
spectroscope  caused  by  the  absorption  of  the  solar  atmosphere, 
was  drawn  in  the  year  1814-15  by  the  celebrated  Fraunhofer. 
He  also  proved,  by  observing  the  spectra  of  the  brighter  stars 
ctnd  noting  their  discrepancies  from  the  solar  spectrum,  that  these 
dark  lines,  whatever  might  be  their  true  explanation,  were  not 
solely  due  to  the  action  on  the  rays  of  the  Sun  of  the  Earth's 
atmosphere.  But  he  went  no  further.  In  1849,  Foucault,  while 
experimenting  with  the  spectrum  formed  by  the  carbon  points  of 
the  voltaic  arc,  observed  the  coincidence  of  two  bright  yellow 
lines  due  to  the  metal  sodium,  with  the  black  double  of  the  solar 
spectrum  called  D  by  Frauohofer  And  not  only  this  ;  for  he  was 
struck  by  the  appearance  of  the  D  lines  when  the  spectrum  of  the 
glowing  vapors  was  superposed  upon  them,  which,  instead  of 
becoming  less  dark  as  would  hav^  been  naturally  expected,  were 
seen  to  be  darker  than  usual.  The  observation  of  this  seeming 
anomaly  was  a  second  great  step  in  advance.  The  theoretical 
explanation  of  this  appearance  was  first  enunciated,  though  not 
published,  in  18o2  by  Professor,  now  Sir  George,  Stokes,  arguing 
from  the  analogy  of  the  absorption  of  sound  waves  by  a  suitable 
medium.  If  the  explanation  was  correct,  it  followed  that  the 
spectroscope  had,  despite  the  oft -quoted  dictum  of  Comte  uttered 
barely  a  decade  before,  proved  beyond  doubt  the  existence  of 
sodium  in  the  Sun.  In  1859  a  German  physicist,  Kirch hoff  by 
name,  |ierformed  in  his  laboratory  the  classical  experiment  of 
reversing  the  sodium  or  D  lines ;  reversing,  that  is,  133*  passing  the 
continuous  spectrum  formed  by  the  carbon  points  through  hot 


sodiam  vapors,  he  caused  the  D  lines  to  be  alone  selected  in 
the  process  of  filtration  for  absorption,  and  to  apf>ear  dark 
instead  of  bright  on  the  screen.  The  arc  being  taken  to  represent 
the  Sun,  and  its  continuous  spectrum  the  background  of  the 
solar  spectrum,  the  sodium  vapors  would  stand  in  place  of  a 
burning  atmosphere  around  our  luminary,  and  hence  the  lines  of 
sodium,  or  indeed  of  any  other  metal,  being  found  as  dark  in  the 
solar  spectrum,  would  indicate  the  presence  of  the*  vapom  of 
that  metal  in  the  Sun's  atmosphere.  This  one  experiment  may 
truly  be  said  to  have  created  a  new  branch  of  astronomical 
physics,  a  branch  which  has  already  been  prolific  of  most  marvel- 
ous results,  and  which  is  full  of  promise  of  greater  marvels  yet  to 
come.  For  it  is  wonderful  that  stars  or  suns  so  immeasurably 
distant,  that  the  light  traveling  from  them  at  the  rate  of  186,000 
miles  a  second,  consuming  in  some  cases  half  a  century  or  more  to 
reach  our  planet,  are  by  means  of  the  spectroscope  analyzed,  and 
the  materials  out  of  which  they  are  built  up,  catalogued  with 
almost  as  great  an  ease  as  the  chemist  tests  the  tet;restrial  mat- 
ters in  his  laboratory. 

ConGning  our  attention,  however,  to  the  solar  spectrum*  It  is 

evident  that  the  first  requisite,  before  we  can  hope  to  unravel  any 

of  its  hidden  teachings,  is  that  we  should  possess  as  perfect  a 

map  as  possible  of  all  its  multitude  of  lines.    KirchhofT  was  not 

slow  to  perceive  this  necessity,  and  in  conjunction  with  Hutinen 

he  commenced  and  nearly  finished  a  beautiful  map  of  the  noUtt 

spectrum.    It  was  published  in  1861,  having  been  completed  by 

the  labors  of  Hofmann.    The  spectroscope  employed  t//n<*i<rted 

of  four  prisms  of  flint  glass,  and  the  patient  tf/il  re^juircd  Urr  the 

drawing  of  such  a  map  must  have  been  €nf9rmffV%.  e^peci^ny 

when  we  remember  that  since  the  instrument  was  ^'tthfmt   the 

modem  refinement  of  an  automatic  action,  it  wa^  wece^w^ry  to 

place  each  prism  in  the  hest  position  for  viewing  the  ^peccrcriw  (fyf 

each  portion  of  its  kngth  bj  hand  alotve.     Kirchhf/ff  srffvxeft  ^ 

scale  to  his  map  giving  tbe  dbiLance  otf  the  Krues  O'ne  iffym  ^n^vChef 

as  measured  br  ins  nuicnDoseter^  sa^  foe  albo  ss^hj;fymifl  t^Fie  »p^ 

proximate   posticMss   oi    a   great   mxtmihet   Mf   the    h^ri^ht    W-T%es 

observed    in    the   spectra    o*'    tke    teinrcstriali    eiem-eri'M.     .Vf;^wy 

remarkable  Hxbcs  are^till  kat'^wu  by  Kvrchh>t^^  ntmaher^.  amoniJi' 

them  bcii^  the  raj  1-6-7-6-  in  the  .i^reca,  tile  chief  bright  line  afiven- 

by  the  solar  corona  during  a   Dotal  eclipse.     fUvt  there   is   (%ne 

great  draniMck  co-amwon   ZO'  every   ma-p  ot'  the  j^pectrtmi   cAn^ 

stmctcd  bj  ■Bcaaia-Qt  a  prismatic  :*pecrr(oscope,  and  that  i«.  th?at  it 

onlv  perfectlr  represents  the  i^ectmm  as  prodiicerl  by  an  identical 


iecent  Studies  of  the  Solar  Spcctnm: 


I 


set  of  prisms.  The  colors  always  succeed  one  anotlier  in  t 
order,  but  -the  spaces  they  occupy  in  the  total  leii^h 
s|)ectrum,  as  also  the  dispersion  itself,  alters  with  the  reiVactiv^j 
angle  of  the  prism,  with  the  substance  of  which  it  is  made,  af 
unless  the  prisms  be  placed  in  the  standijird  position  of  mtniniuf 
tleviation  of  the  rays,  with  the  an<^le  made  by  the  incident  r^i 
witli  the  first  face  of  the  prism.  Again,  since  the  resolving 
l»ower  of  a  spectroscope  of  prisms  vnries  inversely  as  the  third 
power  of  the  wave-length  of  the  light,  and  the  wave-length  ul"  a 
violet  ray  is  about  one  half  of  that  of  a  red  ray*  it  follows  that 
with  such  instruments  the  extent  given  to  the  nolet  will  be 
about  eight  times  greater  than  that  given  to  the  red. 

It  would    obviously  be  of  great  advantage  if  spectroscopes 
could  be  so  constructed  that  this  irrationality  of  dispersion,  a^H 
it  is  tenned,  could  l)e  avoided,  and  that  the  same  or  a  pro]>oe^^ 
tional  scale  could  be  always  applied  to  measure  the  distances 
between  the  lines,   whatever  be  the  dispersion  produced.    This 
end  is  attained  by  the  use  of  a  diflVaction  grating  to  form  th^ 
solar  spectrum,  and  by  employing  a  scale  of  wave-lengths. 
may  not  be  out  of  place,  and  will  serve  to  the  elucidation  of  whj 
is  to  follow,  if  a  tew  words  be  here  devoted  to  the  instalment  ani 
to  the  scale. 

As  is  well  known,  light  is  propagated  by  waves  set  up  by  th^ 
molecular  vibrations  of  the  luminous  source  in  the  alUperv-atlin 
ether.    There  are  also  two  kinds  of  bending  of  the  rays  or  lines  c 
propagation  of  the  wave-motion.     The    one  termed   refraction 
takes  place  when   the  wave-front  jiasses  from   one  medium   to 
another,    and    this    is    made    use  of  in   the    production  of  the 
spectrum  by  means  of  prisms.    The  other  l>ending,  termed  dtflra 
tion,  ensues  when  the  main  wave-front  meets  with  an  obstacl 
such  as  a  screen.    In  this  case  some  of  the  rays  bend  round  the 
obstacle,  forming  what  it  has  been  i>ropused  to  call   a   tfeHu 
wave-front,  and  without  entering  into  the  reasons  why  a  s|kx: 
trum  should  be  formed,  it  will  be  sufficient  to  state»  that  if  the 
source  of  light  be  white,  a  series  of  s[K*ctra  will  under  ordin.-iry 
circumstances  be  seen.    Our  readers  may,  if  they  be  so  minded, 
very   easily  Verify  this  fact  for  themselves  by  a  simple  experi- 
ment.    Taking  a  sheet  of  thick  note-paper,  cut  in  it  a  slit  about 
two  inches  in   length   and   one  thirty-second  part  of  an  inch  in^ 
breadth.    In  a  second  piece  of  i>aper  one  clean  stroke  of  a  pen 
knife  will  cut  a  second  sUt  requisite  for  our  purpose.    This  latt< 
we  shall  refer  to  as  the  eye-slit  and  to  the  former  as  the  light-sli 
Placing  the  light*slit  in  front  of  a  gas  flame,  and  looking  at 
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through  the  eye-slit,  after  adjusting  the  distance  between  them  so 
as  to  stiit  one's  vision,  a  bright  line  of  light  will  be  seen,  and  on 
each  side  of  it,  to  right  and  left,  a  series  of  thin  colored  spectra 
separated  by  dark  spaces.  It  will  also  be  noted  that  the  violet 
ends  of  these  spectra  are  turned  towards  the  light-slit.  If  the 
eye-slit  or  diflraction  slit  be  extremely  fine,  the  spectra  are  too 
feeble  to  be  seen.  Two  very  fine  slits,  however,  equal  and 
parallel  to  one  another,  provided  they  be  sufliciently  close,  will 
double  the  brightness  of  the  spectral  bands.  If  now  a  piece  of 
glass  be  taken,  and  by  means  of  a  dividing  engine  that  is 
furnished  with  a  very  accurate  micrometer  screw,  a  number  of 
fine  parallel  lines  be  ruled  upon  it  extremely  close  together,  the 
result  win  be  a  diflraction  grating  giving  the  colored  bands  of  a 
beautiful  bright  color,  the  brilliancy  depending  on  the  number  of 
lines  ruled  to  the  inch  and  the  dispersion  on  the  product  formed 
by  multiplying  the  order  of  the  spectrum  observed  and  the  total 
number  of  lines  ruled,  and  divided  by  the  width  of  the  diffracted 
beam. 

The  earliest  gratings  of  this  sort  were  thus  ruled  by  Nobert 
and  Rutherfiird.  Professor  Rowland  of  Baltimore  has  by  means 
of  a  magnificently  even  screw  produced  wonderfully  fine  gratings, 
some  with  28,876  lines  to  the  inch.  They  are  ruled  not  on  glass, 
but  on  polished  speculum  metal,  and  the  spectra  are  produced  by 
reflection  from  the  minutely  thin  bright  spaces  between  the  lines, 
which  correspond  therefore  to  the  eye-slit  in  our  experiment  with 
the  two  sheets  of  note-paper.  The  light  is  in  this  case  diffracted 
as  if  the  light-slit  were  at  its  virtual  image  behind  the  grating. 
Gratings  of  14,4'^8  lines  to  the  inch  are  not  uncommon,  such  a 
one  of  very  perfect  make  forming  part  of  the  large  spectro- 
meter at  Stonyhurst,  the  last  instrument  which  the  late  Father 
Perry  acquired  for  the  Observatory.  In  passing  it  is  worthy  of 
notice  that  Professor  Rowland  has  accomplished  the  feat  of  rul- 
ing as  many  as  43,000  lines  to  the  inch.  In  all  the  spectra 
produced  by  the  gratings,  any  two  lines  are  distant  from  one 
another  by  an  interval,  which  is  always  proportional  to  the 
diflerence  of  the  wave-lengths  of  the  light  corresponding  to  the 
lines.  On  this  account  the  same  standard  scale  of  wave-lengths 
can  always  be  used  with  maps  constructed  by  the  aid  of  these 
instruments.  Practically,  then,  all  that  is  required  is  to 
determine  the  absolute  wave-length  of  any  one  line,  and  the 
absolute  wave-lengths  of  all  the  others  can  be  obtained  relativeh- 
to  this  line.  Of  the  extreme  red  there  are  36,920  wave-lengths 
in  one  inch,  and  64,630  of  the  extreme  violet,  so  that  we  cannot 


quite  see  an  octave.  But  for  the  sake  of  unifarmity  the 
lengths  of  light  are  expressed  in  terms  of  a  unit  called  a 
metre,  one  tenth-metre  being  the  one  ten-thotisand-millionth  pa 
of  a  metre,  and  one  metre  being  a  little  over  thirty-nine  inch 
With  good  spectroscopes  it  is  possible  to  recognize  lines  differi 
by  as  small  an  amount  as  the  one-tenth  of  a  tenth-meti"e,  Tal 
ing  the  line  Dj  as  a  standard,  Mr,  Louis  Bell  has  by  a  m 
thorough  investigation  determined  its  wave-length  as  5890.188 
of  our  units.  Basing  his  observations  on  this  value  of  D^,  Profes- 
sor Rowland  has  published  a  list  of  four  hundred  and  fifty 
standard  wave-lengths  of  Hues. 

The  celebrated  Angstrom  was  the  first  to  draw  a  map  of  the 
solar  spectrum  as  produced  by  a  grating  spectroscope,  and  vWth 
a  scale  of  wavelengths,  his  standard  being  the  mean  of  the  p 
of  lines  at  Fraunhofer*s  E  line.    It  appeared  in  1868.    A  cat 
logue    of  wave-lengths  was    drawn    up  in  the   memoir    whi 
accompanied  the  plates,  mid  this  map  and  catalogue  have  been 
used  as  the  standards  by  spectroscopists  up  to  the  present  day. 
They  are,  however,  suqiassed  in  accuracy  by  the  recent  deter- 
mination  of  wave-lengths  at  Baltimore  and  at  Potsdam,  so  that 
they  will  without  doubt  l>e  supplanted  in  the  near  future. 

With  these  preliminary  remarks  on  mapping  the  solar  spectrui 
in  generab  we  may  now  turn  to  the  review  of  some  recent  wo 
in  this  direction.  The  name  of  the  late  M,  Thollon  is  one  th 
occupies  a  prominent  place  among  those  of  modem  solar 
observers.  About  ten  years  ago  this  eminent  astronomer  com- 
menced a  map  of  the  solar  spectrum,  which  as  we  are  told  in  the 
Introduction  to  the  accompanying  catalogue  which  gives  the 
places  and  intensities  of  the  lines,  w  as  intended  by  its  author  to 
be  nothing  less  than  a  standard  work,  furnishing  to  the  spectro- 
scopist  similar  data  for  his  researches,  as  are  provided  for  the 
celestial  cartographer  by  such  charts  as  those  of  Argelander. 
Unfortunately  for  the  cause  of  science  the  hand  of  death  removed 
him  before  the  completion  of  his  self  imposed  task.  Yet  not 
before  he  had  by  the  labors  of  seven  years  succeeded  in  mapping 
the  lines,  from  A  in  the  extreme  red  through  the  orange  to  d  in 
the  green.  The  reproduction  of  the  charts  b^^  steel  engraving 
by  M.  Legros,  aided  by  M.  PeiTotin,  the  Director  of  the  Nice 
ObservatorA%  which  it  would  be  difficult  to  extol  too  highly,  h 
occupied  another  three  years*  They  finally  appeared  last  year 
the  third  volume  of  the  Annals  of  the  Nice  Obser\'ator\ 
Bischoffsheim  most  generously,  as  is  his  wont,  furnished  the 
necessary  funds  for  their  engraving  and  publication,  and  copies 
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have  been  gratuitously  distributed  among  observatories  and 
private  astronomers.  M.  Thollon's  spectroscope  consisted  of 
prisms  filled  with  bisulphide  of  carbon,  giving  a  brilliant  spec- 
trum, the  finest  definition,  and  a  great  dispersion,  equal  in  these 
latter  respects,  by  the  testimony  of  Mr.  Rutherfurd  himself,  to 
any  of  the  spectra  given  by  his  gratings.  In  order  to  secure  an 
even  temperature  in  the  spectroscope,  so  as  to  avoid  a  change  in 
the  refractive  index  of  the  prisms,  and  hence  want  of  uniformity- 
in  the  scale  readings,  a  circulation  of  water  was  maintained  with- 
in the  table  on  which  the  instrument  rested,  and  also  in  the 
hollow  sides  of  a  metal  case  which  was  let  down  from  the  roof  to 
cover  it.  A  heliostat  threw  a  beam  of  sunlight  on  to  the  slit  of 
the  collimator  which  passed  through  one  ^de  of  the  box,  the 
telescope  being  similarly  fitted  into  another  side. 

The  atlas  he  drew  is  divided  into  33  maps,  each  about  a  foot  in 
length,  and  shows  about  3,200  lines.  Each  map  is  divided  into 
four  strips,  so  as  practically  to  quadruple  the  atlas.  These  show 
the  solar  spectrum  under  four  different  conditions;  first,  as  ob- 
tained from  the  sun  at  an  altitude  of  10°,  the  air  being  fairly  dry, 
secondly,  with  the  sun  30°  above  the  horizon,  the  aqueous  vapor 
being  in  abundance,  thirdly,  with  the  sun  at  the  same  altitude, 
but  the  air  being  very  dry,  and  lastly  with  our  atmosphere 
hypothetically  removed,  and  therefore  only  lines  of  purely  solar 
origin  remaining.  The  lines  in  each  strip  are  drawn  most 
accurately,  with  their  proper  shading  and  thickness.  Any  one 
who  has  ever  even  casually  studied  the  solar  spectrum,  can  form 
some  estimation  of  the  painstaking  and  continuous  toil  necessary 
for  such  a  task.  Those  only  who  have  tried  to  delineate  a  small 
portion  of  the  spectrum  can  fully  realize  what  a  demand  the 
drawing  of  such  maps  makes  on  the  care  and  patience  of  the  ob- 
server. It  is  only  necessary  to  compare  the  picture  with  the  ori- 
ginal to  see  how  perfectly  M.  Thollon  has  succeeded.  The  great 
utility  of  the  map  consists  in  its  bringing  together  in  parallel 
strips  the  solar  spectrum  as  seen  under  various  atmospheric  con- 
ditions. It  is  thus  possible  by  a  comparison  of  the  intensity  of 
the  same  lines  in  the  different  strips  to  eliminate  those  caused  by 
our  atmosphere.  For  a  true  solar  line  will  remain  always  of 
the  same  intensity,  the  atmospheric  line  meanwhile  varying  with 
the  hygrometric  state  of  the  air.  It  would  appear  that  of  the 
3,200  lines  mapped  by  Thollon,  2,090  are  purely  solar,  866  are 
telluric  or  air  lines,  and  246  are  traceable  to  the  combined  action 
of  both  the  terrestrial  and  solar  atmospheres.  But  as  a  standard 
the  map  has  already  been  superseded  by  recent  photographic 


studies,  for  it  labors  under  the  defect  already  noticed  as  inhe- 
in  all  maps  constructed  by  means  of  prismatic  spectroscopes,  o\ 
not  furnishing  a  normal  scale.  It  is  none  the  less  an  admirable 
piece  of  work,  and  beyond  all  praise.  Indeed,  it  seems  difficult  to 
imagine  that  more  perfect  or  more  delicate  drawinjyns  could  be 
pi'oduced,  and  it  marks  the  highest  level  yet  reached  b^-  means  of 
the  pencil.  It  only  remains  to  add  that  M.  Tr^pied,  the  collea, 
of  M.  Thollon,  has  undertaken  to  complete  the  remaining  t\v 
thirds  of  the  work. 

As  early  as  1843,  J.  W.  Draper,  applying  the  but  recent  inven- 
tion of  Daguerre,  obtained  a  plate  by  this  process  of  near! 3.'  the 
whole  length  of  the  spectrunu  In  1874  again,  Rutherfurd,  work- 
ing with  a  prismatic  spectroscope,  was  able  to  publish  a  fine 
photograph  of  the  blue  and  violet  ends  of  the  spectrum.  Nor 
must  we  omit  to  mention  the  standard  map  of  the  ultra-violet 
unseen  region  of  the  spectrum,  the  fruit  of  the  labors  of  Comu. 
But  the  recent  progress  in  photographic  science,  and  more 
esi^ecially  the  invention  of  the  dry-plate  process,  which  is  both 
cleanly  and  easy  to  manipulate,  while  capable  of  almost  a: 
extent  of  sensitiveness,  has  placed  in  the  hands  of  the  astronomf 
cal  physicist  a  most  potent  instrument  of  research  when  brought 
to  the  aid  of  either  telescope  or  spectroscope.  The  photograph 
of  the  nebula  in  Orion  obtained  on  a  dry  plate  in  1880  by  H. 
Draper  was  the  first  of  a  series  of  triumphs  in  this  kind  of  work, 
and  already  celestial  photography  has  advanced  our  knowledge 
of  the  heavens  to  an  extent  which  could  not  have  been  dreamed 
of  by  the  astronomei"s  of  the  middle  of  the  century.  Nor  has  the 
solar  spectroscopist  been  backward  in  availing  himself  of  this 
powerful  aid  to  unravelling  the  secrets  of  the  solar  spectrum. 
The  same  year  that  Draper  photographed  the  nebula  in  Orion, 
Professor  Rowland,  uf  the  Johns  Hopkins  University,  invented  a 
plan,  by  which  it  became  possible  to  vastly  increase  the  accuracy 
attainable  in  the  cutting  of  micrometer  sci'ews.  Possessing 
perfect  screw,  he  commenced  to  rule  correspondingly  perft 
gratings,  without  any  ^leriodic  error  in  the  ruling  above  the 
hundred-thousandth  part  of  an  inch.  The  spectra  produced  b^' 
Rowland's  gratings  are  therefore  particularly  free  from  the 
obnoxious  false  images  of  the  principal  lines  of  the  solar  sf>ectrum 
termed  ** ghosts.*'  These  are  caused  by  a  periodic  inequality  in 
the  spaces  contained  between  the  parallel  scratches  of 
diamond  point  on  the  speculum  metal.  For  instance,  let  us  sup? 
pose  that  one  turn  of  the  micrometer  head  be  equivalent  to  the 
ruling  of  1,000  lines,  should  any  unequal  spaces  occur  in  the 
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course  of  a  revolutioii,  they  would  occur  relatively  in  the  same 
places  in  every  revolution.  These  periodic  unequal  spaces  gave 
their  own  fainter  spectra,  which  naturally  were  more  evident  in 
the  principal  lines,  and  so  caused  the  "  ghosts  "  already  mentioned. 
Good  gratings,  as  now  ruled,  such  as  the  one  possessed  by  the 
Stonyhurst  Observatory,  are  quite  free  from  this  fault.  This 
advance  in  the  perfecting  of  the  ruling  of  gratings  Rowland 
followed  up  the  next  year  by  conceiving  the  brilliant  idea  of 
ruling. the  gratings  on  a  spherical  surface  of  speculum  metal, 
instead  of  on  flats  as  had  hitherto  been  done.  By  this  means 
it  is  possible  to  dispense  with  all  the  adjuncts  of  an  ordinary 
spectroscope  except  the  slit,  the  grating,  and  the  eye-piece,  in 
the  place  of  which  last  a  camera  may  be  substituted.  Such  a 
spectroscope  is  simplicity  itself,  there  being  no  need  of  a  coUima- 
ting  lens  to  render  the  divergent  pencil  of  light  from  the  slit 
parallel  before  reaching  the  grating,  nor  yet  of  any  telescope  to 
focus  the  rays. 

With  a  grating  perfectly  ruled  on  a  spherical  surface  6  inches 
in  diameter  and  21^  feet  radius,  the  Professor  undertook  to 
photograph  the  solar  spectrum.  His  map  was  published  in 
1886,  followed  in  1889  by  a  second  more  perfect  edition.  This 
second  edition  extends  from  wave-length  3,000  far  down  in  the 
violet,  to  wave-length  6,950  beyond  B  in  the  red.  KirchhoflPs 
coronal  line  1,474,  which  was  once  supposed  to  be  coincident 
with  an  iron  line,  was  clearl3''  separated  into  two  lines,  as  was 
also  fc„  which  used  to  be  attributed  to  both  magnesium  and  iron. 
The  E  line  was  also  first  resolved. 

But  the  most  successful  photographer  of  the  solar  spectrum 
who  has  yet  appeared  is  undoubtedly  Mr.  George  Higgs,  of 
Liverpool.  It  has  been  our  privilege  to  examine  this  gentleman's 
apparatus,  processes,  and  original  plates  under  his  own  gui- 
dance, and  we  propose  to  briefly  describe  some  few  of  his 
methods  and  results.  And  first  of  all  we  must  call  attention  to 
the  fact  that,  except  for  the  concave  grating  and  the  screw  of  the 
engine  for  ruling  scales,  every  piece  of  apparatus  used  by  this 
astronomer  has  been  made  by  himself,  and  is  remarkable  alike 
for  simplicity  and  the  ingenuity  displayed.  Even  the  RhunikoriF 
coil  for  use  in  producing  the  spectra  of  terrestrial  substances  for 
comparison  with  the  solar  lines,  is  of  his  own  constructing.  This 
instrument,  which  was  exhibited  before  the  British  Association 
at  its  Manchester  meeting,  is  of  such  perfect  insulation,  and  such 
complete  economy  of  insulation  and  just  proportion  of  parts, 
that  with  one  quart  bichromate  of  potash  cell  it  gives  a  spark  of 


ten  and  a  quarter  inches.    And  yet  only  fifteen  miles  of  wire  have 
l>een  wound  upon  it.* 

Mr.  Hig^s  first  began  work  on  the  solar  spectrum  with  a 
prismatic  spectroscope,  with  which  he  produced  a  very  beautiful 
photographic  map.  He  then  acquired  a  grating,  one  of  Row* 
land's  spherical  instruments  ruled  with  14',438  lines  to  the  inch, 
having  a  diameter  of  four  inches  and  a  radius  of  curvature  of  ten 
feet  two  inches.  Now  the  purit\*  of  a  spectrum  is  inversely  pro- 
portional to  the  width  of  the  slit.  From  this  it  is  evident  that  if 
the  jaws  of  the  slit^  the  light-slit  of  our  simple  experiment,  are 
perfectly  sharply  cut  and  exactly  parallel,  it  becomes  possible  to 
Bi a ke  it  excessively  narrow,  provided  always  that  the  illumina- 
tion be  sufficient.  It  would  appear  that  a  great  deal  of  Mr. 
Higgs'  success  is  attributable  to  the  fine  steel-jawed  slit  which  he 
has  made  for  his  spectroscope.  The  grating  is  mounted  at  one 
end  of  the  diameter  of  a  circular  tabe»  equal  to  the  radius  of 
curvature  of  the  grating,  and  the  eye-piece  or  camera  is  placed  at 
the  other  extremity  of  this  diameter.  The  slit  also  slides  along 
the  circumference  of  the  table,  and  is  placed  in  different  positions 
with  regard  to  the  grating  and  camera,  according  to  the  order 
of  the  spectrum  which  is  to  be  photographed.  The  circumference 
is  dinded  into  parts  by  means  of  a  scale  encircling  it,  w^hich  is 
also  supplied  with  moveable  verniers.  These  scales  again  are  Mr. 
Higgs*  handiwork,  and  the  perfection  of  adjustment  attainable 
by  their  aid  in  his  instrument  is  another  source  of  its  fine  perform- 
ance. The  h'ght  is  conducted  to  the  slit  by  a  heliostat,  this,  too, 
made,  with  its  silvered  mirror,  by  the  observer.  In  photo- 
graphing the  solar  spectrum  the  actinic  action  at  the  two  ends  of 
the  plate  varies  immensely,  being  in  some  cases  as  much  as  fifty 
times  greater  at  one  end  than  at  the  other.  The  plate  must  there- 
fore be  exposed  at  different  portions  of  its  length  for  different 
times,  otherwMse  while  one  end  of  the  plate  would  be  over-exposed, 
the  other  would  have  failed  to  have  registered  any  line  at  all. 
This  difficulty  is  overcome  by  Mr.  Higgs  by  means  of  a  set  of 
shutters  placed  inside  the  camera,  and  worked  by  clock-work,  and 
so  arranged  that  the  proper  relative  exposure  is  secured  fnr  ever^- 
portion  of  the  sensitive  film. 
It  might  perhaps  be  imagined  by  such  as  are  unacquainted  with 

*  At  the  time  of  our  visit  the  inBtntmcnt  had  not  been  employed  for  a  coti' 
sidcrable period,  and  thebatterv  had  so  deteriorated  that  it  would  ordinartlf  hate 
Ixen  rejected  as  untit  for  use.  Vet  it  gave  a  spark  which  leapt  across  the  termi* 
nals  at  a  distaitee  of  scA^en  inches,  and  when  the  zinc  and  carbon  were  lifted  out  oi 
the  solution  and  put  iuto  clean  w^ater*  it  gave  a  continuous  spark  of  one  inch 
anrl  a  quarter.  Electricians  will  appreciate  the  accuracy  of  workmanship  re- 
quired to  at  tat  I)  such  a  result  * 
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the  action  of  light  upon  photographic  films,  that  after  all  this 
care  in  adjustment  nothing  further  was  required  but  the  exposure 
of  the  plate  for  the  proper  time  in  order  to  obtain  a  picture.  But 
not  so;  for  first,  the  actinic  action  of  light  is  chiefly  confined  to 
the  blue  and  violet  regions  of  the  spectrum,  and  secondly,  al- 
though in  spectra  produced  by  means  of  gratings  the  first  spec- 
tra on  each  side  of  the  white  image  of  the  slit,  called  the  spectra 
of  the  first  order,  are  separated  from  those  of  the  second  order, 
yet  the  second,  third,  and  higher  orders  overlap.  Hence,  should 
it  be  required,  for  instance,  to  use  the  greater  dispersion  of  the 
red  of  the  second  order,  it  becomes  necessary  to  block  out  the 
violet  of  the  third  order.  The  suppression  of  the  obnoxious  rays 
is  eflFected  by  the  absorbing  action  on  light  of  suitable  solutions, 
which  are  contained  in  glass  cells  and  placed  before  the  slit.  But 
the  problem  of  rendering  the  plates  themselves  sensitive  to  the 
lower  wave-lengths  of  light  is  by  no  means  an  easy  one.  It  has 
engaged  the  attention  of  several  eminent  photographers.  One 
method  devised  by  Captain  Abney  was  the  preparation  of  the 
bromide  of  silver  plates,  with  the  salt  in  a  different  molecular 
condition  from  that  in  which  it  is  ordinarily  found,  so  that  it 
looked  blue  by  transmitted  light.  By  this  means  he  was  enabled 
to  directly  photograph  the  dark  heat  rays  of  the  solar  spectrum. 
Others,  again,  as  Vogel  and  McClean,  have  proceeded  in  a  differ- 
ent manner,  and  have  sensitized  the  plates  for  radiations  above 
the  blue  by  staining  them  with  various  dyes.  Higgs,  too,  has 
been  most  successful  in  this  field,  and  has  but  recently  communi- 
cated to  the  Royal  Society'  a  paper  in  which  he  announces  the 
discovery,  that  plates  stained  with  the  bisulphite  compounds  of 
alizarin-blue  or  of  coerulin,  while  sensitive  to  the  red  and  ultra- 
red  rays  between  the  wave-lengths  6,200  and  8,000,  do  not,  like 
cyanin  plates,  lose  the  power  of  retaining  the  impression  of  the 
rays  at  the  opposite  end  of  the  spectrum.  With  such  plates  he 
has  been  enabled  to  extend  the  range  of  his  photographs  to  Z  in 
the  ultra-red,  while  his  photograph  of  A  exhibited  at  a  British 
Association  Meeting  at  Leeds,  and  to  the  Royal  Astronomical 
Society,  shows  the  lines  of  this  beautiful  group  as  they  have 
never  been  seen  before. 

When  the  negative  has  been  secured,  it  is  enlarged  four  times, 
evenness  of  background  and  sharpness  of  detail  being  obtained 
by  the  use  of  a  cylindrical  lens,  and  by  other  ingenious  arrange- 
ments which  need  not  be  descril>ecl  here.  The  prints  which  are 
the  finished  results,  have  the  fineness  of  steel  engravings.  More- 
over, by  a  very  clever  device  Mr.  Higgs  photographs  a  scale  of 


wave-lengths  on  his  map,  a  boon  which  will  be  appreciated  by 
every  working  spectroscopist.  More  than  this,  by  photograph- 
ing the  unknown  coincidently  with  the  known  regions  on  the 
same  plate,  and  placing  the  scale  between  them,  provided  only  the 
two  slips  are  of  different  orders,  a  very  simple  relation  enables  the 
wave-lengths  of  the  unknown  lines  to  be  determined.  He  has 
even  an  original  method  for  securing  a  certain  knowledge  that 
the  temperature  of  the  scale  has  not  altered  during  the  time  of  its 
being  ruled  by  the  dividing-engine.  Finally,  it  is  his  intention  to 
publish  in  the  near  future  a  map  of  the  whole  spectrum  from 
wave-length  2»990  in  the  ultra-violet  to  wave-length  8^500  in  the 
ultra-red,  with  special  studies  on  mteresting  regions. 

When  we  look  at  some  of  the  best  maps  of  the  solar  spectrum, 
so  crowded  with  lines  that  it  would  be  impossible  in  parts  to 
place  a  needle  point  on  the  pictures  without  alighting  on  a  line, 
the  cptestions  naturally  arise  as  to  what  substances  these  innu- 
merable lines  belong  to,  and  what  progress  has  been  made  in  iden- 
tifying the  relations  between  the  solar  spectrum  and  the  labora- 
tory spectra  of  the  elements.  We  intend  briefly  to  record  some 
few  of  the  more  recent  investigations.  A  most  necessary  prelim- 
inary step  in  solar  spectroscopy  is  the  discrimination  of  the  lines 
of  pureh"  solar  origin  from  those  which  are  due  to  the  absorbent 
action  of  the  Earth's  atmosphere.  We  have  already'  called  atten- 
tion to  the  value  of  Thollon*s  map  for  this  research,  as  by  a  com- 
parison of  the  intensity  and  thickness  of  the  lines  in  the  four 
strips,  it  is  possible  to  detect  those  which  var\'  concomitantly 
with  the  altitude  of  the  Sun  above  the  horizon,  and  with  the  hy- 
gromctric  condition  of  the  atmosphere.  One  of  the  finest  groups 
of  lines  in  the  solar  spectrum  occurs  in  the  red  at  Fraunhofer^s  B. 
Some  of  Mr.  Higgs^  photographs  bring  out  the  rythmical  ar- 
rangement of  the  lines  in  this  group  most  beautifully.  But  it  had 
by  Egoroff  and  Janssen  been  identified  as  most  probably  not  due 
to  the  Sun,  but  to  the  dr\^  ox3^gen  contained  in  our  atmosphere. 
The  latter  astronomer,  w^ho  bears  a  distinguished  name  in  solar 
ph3rsics,  has  lately  completed  a  series  of  observations  remarkable 
alike  for  their  intrinsic  value,  as  also  for  the  circumstances  under 
which  they  were  carried  out.  Arguing  that  if  these  lines  are 
really  due  to  our  atmosphere,  their  intensity  should  diminish  in 
direct  proportion  to  the  height  from  wdiich  they  are  viewed,  and 
in  the  impossibility'  of  getting  rid  of  our  atmosphere  altogether, 
this  intrepid  ubsei*ver,  whom  nothing  daunts— for  had  he  not  al- 
ready esca[)ed  the  vigilance  of  the  Prussians  who  were  beseigitij 
Paris,  and  passed  out  in  a  balloon  to  observe  the  eclipse  of  1 
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—would  now  have  himself  carried  to  the  tops  of  the  highest 
mountains  to  note  the  effect  on  the  suspected  oxygen  lines.  In 
accordance  with  his  plan  he  ascended  to  the  Grands  Mulcts  in 
1888,  and  last  year  was  borne  in  a  litter  by  a  small  army  of 
guides  to  the  very  summit  of  Mount  Blanc.  The  result  was  a 
complete  verification  of  his  earlier  observations,  so  that  we  may 
conclude  that  most  probably  ox^^gen,  at  least  in  the  state  in 
which  we  know  it  here,  does  not  exist  in  the  solar  envelopes.  He 
has  likewise  experimented  from  his  Observatory  at  Meudon  on  an 
oxygenless  light  set  on  the  highest  point  of  Eiftel  Tower,  the  at- 
mospheric strata  traversed  by  the  rays  being  nearly  equivalent 
to  the  height  of  the  atmosphere  supposed  homogeneous.  The 
oxygen  lines  in  this  case  appeared  exactly  as  they  are  seen  in  the 
solar  spectrum,  thus  adding  another  link  to  the  chain  of  proof 
of  their  terrestrial  origin. 

With  regard  to  other  lines  due  to  the  Earth's  atmosphere.  Dr. 
L.  Becker,  of  the  Edinburgh  Royal  Observatory,  has  quite  re- 
cently published  the  results  of  long  and  laborious  observations 
of  the  solar  spectrum  at  low  and  medium  altitudes.  The 
spectrum  drawn  extends  from  wave-length  6,024  to  F  in  the  blue- 
green.  In  this  range  of  the  spectrum,  3,637  lines  are  identified  as 
due  to  the  sun,  and  928  as  air  lines.  For  the  purposes  of  such  an 
investigation,  the  photographs  of  Mr.  Higgs  will,  when  pub- 
fished,  be  extremely  valuable.  For  they  have  been  taken  with 
the  sun  at  various  altitudes,  and  under  different  conditions  of 
saturation  of  the  atmosphere.  One  plate  in  particular  showing 
D  and  the  lines  constituting  the  rain-bands,  when  the  Sun  was 
only  just  its  own  diameter  above  the  horizon,  is  a  superb  pro- 
duction. Again,  in  several  cases  the  enlarged  photographs  show 
metallic  lines  and  air  lines  so  close  together  that  no  spectroscope 
except  those  of  the  verA'  greatest  resohnng  power  could  separate 
them.  Such  results  may  not  improbably  have  an  effect  upon 
theories  which  are  founded  upon  the  behavior  of  lines  in  the 
spectra  of  Sun-spots.  In  passing  too  we  may  remark  that  of 
some  other  lines,  which  it  is  considered  a  feat  to  have  split,  the 
photographs  of  this  observer  divide  not  onh^  the  coronal  line, 
but  also  the  E  line  and  one  twice  as  close  at  5264.4.  The  head  of 
the  B  group  too  is  seen  to  be  com])osc(l  of  three  lines,  while  from 
twenty-five  to  thirty  lines  are  registered  between  the  D's  and  no 
less  than  one  hundred  and  fifty  between  H  and  K. 

Nor  in  the  meantime  have  Professor  Rowland  and  his  assis- 
tants been  idle,  but  they  have  brought  the  powerful  apparatus  of 
the  Johns  Hopkins  University  to  bear  upon  the  photographing  of 
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the  lines?  in  the*  metallic  spectra  coincidently  with  the  solar  spec. 
truni,  Kirchhoft'^s  list  of  metals  in  the  Sun,  deduced  from  his 
observations  taken  about  twent3'-five  years  ago,  consisted  of 
sodium,  iron,  calcium,  magnesium,  nickel,  barium,  copper,  and 
xinc.  To  these  Angstrom  and  Thalen  added  chromium,  cobalt, 
hydrogen, manganese, and  titanium;  while  Lockyer, later  still,  by 
an  ingenious  method  of  laborator\^  w^ork,  brought  the  total  up 
to  twenty-three.  He  detected  aluminum,  strontium,  lead,  cad- 
mium, cerium,  uranium,  potassium,  vanadium,  palladium  and 
molybdenum.  Of  these  coincidences  with  the  dark  solar  lines, 
about  six  hundred  were  attributed  to  iron  alone.  And  now  tlit 
latest  list,  quite  recently  issued  by  Professor  Rowland  from  pho- 
tographs taken  between  the  ultra-violet  and  the  D  lines,  gives  the 
total  number  of  terrestrial  elements  certainly  present  in  the  Sun 
as  thirty-six^  while  eight  more  are  doubtful  In  this  latter  cale- 
goi*y  is  uranium,  formerlv  admitted  as  present  by  Lockyer, 
Rowland's  most  important  addition  is  carbon,  the  others  being 
silicon,  scandium,  yttrium,  zirconium,  lantlianum,  niobium,  neo- 
dymium,  glucinum,  germanium,  rhotlium,  silver,  tin,  and  erbium. 
But  the  solar  photosphere  contains  no  gold,  nor  fintimony,  ar- 
senic, bismuth,  boron,  nitrogen,  cresium,  indium,  mercury,  phos- 
phorus,  rubidium,  selenium,  stdphur,  thallium,  nor  praseody- 
mium; while  iridium,  osmium,  platinum,  ruthenium,  tantalum, 
thorium,  and  tungsten,  are,  together  with  uranium  referred  to 
before,  recorded  as  doubtful.  These  lists  have  been  arranged 
both  according  to  the  intensity  of  the  metallic  lines  in  the  Sun, 
and  according  to  their  number.  In  the  latter  series  iron  occupies 
the  first  place  with  two  thousand  and  nine  lines,  nickel  comes 
next,  and  two  hundred  coincidences  are  due  to  carbon. 

In  concluding  this  necessarily  brief  summary  of  some  recent 
spectroscopic  studies  in  but  one  branch  of  modem  astronomical 
physics,  we  may  be  allow^ed  to  again  direct  attention  to  the 
fact  of  the  importance  of  the  aid  to  research  which  the  observer 
has  acquired  in  the  spectroscope  and  the  photographic  camera. 
Alreatly  we  know  that  the  materials  of  which  our  Sun  is  consti- 
tuted are  the  same  as  we  find  here  upon  ICarth.  But  our  Sun  is 
but  one  out  of  milliuns  which  glitter  as  stars  in  the  heavenly 
firmament.  It  is  a  truly  wonderful  thing  that  a  piece  of  glasH 
cut  into  the  form  of  a  prism,  and  a  plate  of  glass  covered  witli 
a  gelatine  film,  should  l^e  so  arranged  in  position  behind  another 
piece  of  glass  fashioned  into  the  shape  of  a  lens  that  these  im- 
measurably distant  stars  should  be  compelled  to  tell  us  of  what 
they  are  made.    But  w*onderful  as  it  seems,  the  mind  of  man  has 
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been  able  to  eflFect  so  much,  and  has  thus  obtained  a  deeper  in- 
sij3^fat  into  the  marvelous  harmony  and  unity  which  reigns  in  the 
starry  skies.  With  this  insight  ought  to  come  deeper  reverence, 
and  our  spirit  should  be  that  of  the  pious  Kepler,  who  was  wont 
to  cry  out  as  he  contemplated  the  heavens :  **  O  God,  I  think  Thy 
thoughts  after  Thee." 
St.  Beuno's  College,  St.  Asaph,  N.  Wales. 
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Immediately  after  the  completion  of  our  12-inch  equatorial  re- 
fractor in  March,  1891,  an  investigation  was  undertaken  at  the 
Kenwood  Observatory  which  had  for  its  object  the  application  of 
photographic  methods  to  the  registration  of  all  classes  of  solar 
phenomena.  Up  to  that  time,  in  spite  of  various  attempts  at 
photographing  the  prominences,  the  only  phenomena  at  the 
Sun*s  surface  which  had  been  photographed  with  any  degree  of 
success  were  the  spots,  and  the  faculse  when  very  near  the  limb. 
As  they  are  carried  toward  the  center  of  the  disc  by  the  Sun's  ro- 
tation, thefaculse  no  sooner  leave  a  narrow  area  near  the  limb 
than  they  are  lost  to  view  on  the  brilliant  background  of  the 
photosphere,  and  ordinary  methods  of  photography  serve  no 
better  than  the  eye  itself  in  following  the  course  of  these  objects. 
For  lack  of  photographic  means  the  numerous  prominences  ris- 
ing from  the  Sun's  limb  must  needs  be  drawn  one  by  one — a  la- 
borious process  at  best,  and  one  consuming  far  too  much  of  valu- 
able time.  Moreover,  the  spectra  of  faculae,  spots  and  promi- 
nences in  the  invisible  region  of  the  ultra-violet  were  then  uninves- 
tigated, and  there  was  the  possibility  that  other  phenomena,  as 
yet  unknown,  might  be  brought  to  our  knowledge  by  the  pecu- 
liar powers  of  the  sensitive  plate.  These  considerations  had  first 
occupied  my  attention  in  1889,  and  I  had  then  devised  methods 
to  overcome  some  of  the  many  difficulties  in  view,  but  though 
preliminary  experiments  had  been  carried  on  at  the  Harvard  Col- 
lege Observatory  in  the  winter  of  1889-90,  they  had  been  cjuite 
without  success,  on  account  of  the  unsuitability  of  the  appara- 
tus employed.  The  field  was,  therefore,  a  practically  untried  one 
when  we  entered  it  at  the  Kenwood  Observatory  just  a  year  ago. 

I  have  already  described  the  new  lines  discovered  in  the  spectra 


of  prominences,  spots  and  faculfe,  and  the  photographs  obtained 
of  single  prominences  with  the  H  and  K  lines  and  an  oi>en  slit. 
In  the  present  paper  1  wish  to  explain  the  method  by  which 
photographs  are  now  made  of  all  the  prominences  visible  around 
the  entire  circumference  of  the  Sun  with  a  single  exposure,  and  by 
which  faculfe  are  clearly  shown  even  in  the  brightest  portions  of 
the  Sun's  disc. 

In  the  Sidereal  Messenger,  June,  1891»  I  described  the  diffi- 
cvilties  experienced  in  photographing  prominences  by  my  first 
method.  The  apparatus  as  then  used  consisted  of  a  C3dinder  in  a 
closed  box  at  the  eye-end  of  the  observing  telescope  of  a  large  dif- 
fraction spectroscope.  The  axis  of  the  cylinder  was  parallel  to 
the  lines  in  the  spectrum,  and  the  cylinder  could  be  rotated  at  a 
uniform  rate  by  a  small  clepsydra,  attached  to  the  instrument. 
Thus  a  strip  of  flexible  celluloid  photographic  film  on  the  circum- 
ference of  the  cylinder  was  slowly  moved  in  the  plane  of  dispersion 
behind  a  narrow  slit  at  the  focus  of  the  observing  telescope.  The 
grating  was  rotated  by  a  tangent  screw  until  the  K  line  in  the 
fourth  order  spectrum  passed  through  the  narrow  slit,  and  fell 
upon  the  sensitive  film.  By  changing  the  rate  of  the  driving 
clock  of  the  telescoj>e  the  Sun's  image  was  made  to  drift  slowly 
across  the  (first)  slit  of  the  spectroscope,  while  the  film  rotated 
at  the  proper  s|>eed.  As  K  is  always  bright  in  prominences  it 
follows  that  the  successive  images  of  this  line  as  a  prominence 
moved  across  the  slit  would  build  up  the  required  form  upon  the 
photographic  film.  A  number  of  fairly  good  photographs  of 
prominences  were  obtained  in  this  way,  but  so  many  defects  were 
discovered  in  the  apparatus,  and  the  difficidty  of  securing  the 
proper  ratio  between  the  motion  of  the  film  and  the  rate  of  the 
telescope  clock  was  so  great,  that  it  was  decided  to  construct  an 
entirely  new  instrument,  on  the  principle  of  m^-  second  method 
as  devised  in  1889. 

This  apparatus,  which  I  have  called  a  **spectro heliograph/*  is 
shown  in  the  accompanying  Plates  attached  to  the  eye-end  of  the 
12-inch  equatorial.  Its  essential  parts  are  two  movable  slits,  one 
at  the  focus  of  the  colhmator  of  a  large  grating  spectroscope, 
and  the  other  just  within  the  focus  of  the  observing  telescope. 
The  slits  are  about  3V4  inches  in  length,  and  adjustable  in  wndth. 
They  are  attached  to  carriages  mounted  on  steel  !)alls,  so  that 
they  may  be  moved  with  perfect  freedom  across  the  axes  of 
the  tubes,  in  the  plane  of  dispersion.  A  photographic  plate- 
bolder  is  supported  just  beyond  the  second  slit,  and,  after  draw- 
ing the  slide,  the  plate-holder  can  be  pushed  forward  by  means 
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of  a  cam  until  the  surface  of  the  plate  almost  touches  the  jaws  of 
the  slit.  A  small  90°  total  reflection  prism  is  attached  to  the 
slit  carriage  on  the  side  toward  the  grating,  and  by  a  suitable 
combination  of  lenses  a  small  portion  of  the  spectrum  can  be 
viewed  without  disturbing  the  plate-holder. 

The  motive  power  is  supplied  by  a  specially  designed  clepsydra, 
which  is  mounted  within  the  braced  frame  of  the  spectroscope. 
It  consists  of  a  brass  cylinder  of  3  inches  bore  and  6  inches  stroke, 
supplied  with  two  inlet  and  two  outlet  valves,  and  a  very  accu- 
rately made  micrometer  gate-valve.  The  piston  has  a  cup-shaped 
leather  packing,  and  the  phosphor-bronze  piston-rod  passes 
through  a  stuffing-box  in  the  upper  head.  At  the  end  of  the  rod 
a  system  of  bell-crank  levers  is  attached,  and  these  convey  the 
motion  to  the  slit  at  the  focus  of  the  observing  telescope.  An  ex- 
tension of  the  piston-rod  passes  through  a  guide  in  the  upper 
frame  of  the  spectroscope,  and  connects  with  the  first  slit  by  an- 
other lever  system.  It  will  be  seen  that  when  the  piston  is  set  in 
motion,  the  two  slits  will  move  simultaneously,  and  in  opposite 
directions. 

The  city  water  supply  could  not  be  used  to  run  the  clepsydra 
for  two  reasons.  In  the  first  place  the  pressure  must  be  constant 
or  nearly  so,  while  the  city  pressure  undergoes  marked  variations. 
Again,  the  water  would  freeze  in  cold  winter  weather.  I  there- 
fore had  a  hydraulic  accumulator  constructed,  and  placed  in  the 
cellar  of  the  Observatory,  with  galvanized  iron  pipes  leading  up 
to  the  observing  room,  and  terminating  in  stop-cocks  on  the  iron 
pier  of  the  equatorial.  Union  joints  attached  to  flexible  rubber 
tubing  put  the  accumulator  in  connection  with  the  clepsydra,  and 
do  not  hinder  in  the  least  the  free  movement  of  the  telescope.  The 
liquid  used  is  a  mixture  of  water  with  about  30  per  cent  of  alco- 
hol, and  this  proved  quite  satisfactory  even  in  cold  weather.  The 
accumulator  consists  simply  of  a  large  vertical  cylinder,  with  a 
yoke  suspending  from  the  upper  end  of  the  piston-rod  about  half 
a  ton  of  iron  weights.  The  descending  piston  forces  the  liquid 
through  a  supph-  pipe  at  the  bottom  of  the  cylinder,  and  the  re- 
turning liquid  enters  the  top  of  the  cylinder.  When  completely 
run  down  the  piston  is  pulled  up  by  means  of  a  differential  block, 
the  liquid  passing  from  above  the  piston  to  the  bottom  of  the  cyl- 
inder by  an  outside  pii>e,  ojxfn  into  the  upper  ])art  of  the  cylinder,^ 
but  with  a  check-v«ilve  at  the  bottom.  For  summer  work  I  in- 
tend to  have  the  city  water  connected  with  the  bottom  of  the 
cylinder,  and  the  weighted  piston  will  then  make  up  for  any  vari- 
ations in  pressure.   The  city  pressure  will  probably  be  sufficient  to 


free  us  from  the  labor  of  using  the  differential  block  duriog  the 
warmer  months  of  the  yenr. 

It  will  be  seen  in  the  Plates  that  the  supply  pipe  enters  the 
clepsydra  at  the  upper  end,  while  the  waste  passes  out  through  a 
pipe  in  the  lower  head.  The  brass  pipe  to  which  the  supply  tube 
is  connected  runs  the  whole  length  of  the  cylinder,  and  the  hquid 
can  thus  be  admitted  on  either  the  upper  or  lower  side  of  the  pis* 
ton  by  opening  the  prof>er  valve.  In  the  photographs  both  valves 
are  closed.  Supposing  the  cylinder  to  be  filled  on  both  sides  of 
the  pis  ton »  we  can  run  the  piston  do^vn  by  opening  the  upper  i 
let  valve  and  the  outlet  valve  just  above  the  micrometer  gate? 
valve  in  the  pipe  leading  from  the  lower  head.  The  speed  of  the 
piston *s  descent,  and  hence  the  speed  of  the  two  slits,  can  be  reg- 
ulated with  the  utmost  nicety  by  the  gate-valve,  the  micrometer 
head  of  which  is  divided  into  100  parts.  The  gate-valve  has  a 
pair  of  phosphor-bronze  jaws  in  the  form  of  an  adjustable  slit, 
and  a  wide  range  of  motion  is  thus  secured.  Provided  the  pres- 
sure remains  constant,  a  given  speed  can  be  obtained  at  any  time 
by  setting  the  micrometer  head  at  the  proper  reading.  When  t 
piston  has  reached  the  end  of  its  course  the  upper  inlet  and  low 
outlet  valves  are  closed,  and  the  lower  inlet  and  an  upper  outlet 
valve,  opening  into  an  outlet  pipe  on  the  farther  side  of  the  cylin* 
der,  are  opened.  The  piston  then  returns  to  the  upper  end,  mov- 
ing the  slits  to  their  opposite  extreme  positions.  The  full  run  of 
the  slits  is  about  3V4  inches,  corresponding  with  the  aperture  of 
the  telescopes  to  which  they  are  attached. 

Although  the  spectroscope  has  been  previously  descril>ed,  it 
may  be  as  well  to  recall  the  general  features  of  its  construction, 
which  has  recently  been  modified.  New  objectives,  corrected  for 
the  K  line,  have  been  supplied  for  the  collimator  and  observing 
telescopes.  In  aj^erture  (3H  inches)  and  focal  length  (4-2V2 
inches)  they  are  identical  with  the  visual  objectives  formerly 
used,  and  they  can  be  readily  replaced  by  these  for  work  in  the 
visual  region.  A  photographic  objective  of  ^^5  inches  focus  is 
also  available  for  photographing  the  spettnmi,  and  for  its  ac- 
comodation the  short  section  of  tul^e  carrying  ihe  second  moving 
slit  at  the  end  of  the  observing  telescope  can  be  unscrewed,  and  a 
tube  about  42  inches  long,  with  a  plate4tolder  at  one  extremity* 
screwed  on  in  its  place.  The  same  plateholdcr  can  also  be  used 
w*ith  the  short  focus  objective,  and  the  section  of  tube  carrying 
the  holder  screws  on  tor  this  purpose  in  place  of  the  long  tube. 
The  observing  telescope  is  focussed  from  the  eye-end  by  a  screw 
moving  the  objective  along  the  axis  of  the   tube.    The  Sun's 
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image  is  brought  to  focus  on  the  first  slit  by  a  motion  of  the  en- 
tire collimator  through  collars  in  the  supporting  frame  of  the 
spectroscope.  The  Rowland  grating  has  14,438  lines  to  the  inch, 
and  is  covered  by  a  brass  box.  It  can  be  rotated  about  an  axis 
parallel  to  the  lines  of  the  ruling  by  means  of  a  tangent  screw  in 
connection  with  a  rod  leading  to  the  eye-end  of  the  observing 
telescope.  It  is  also  supplied  with  the  other  usual  adjustments. 
The  whole  sx)ectroheliograph  can  be  rotated  about  the  axis  of  the 
collimator  b\'  means  of  a  rack  and  either  one  of  two  pinions  in 
the  supporting  ring,  and  the  direction  of  the  slit  is  shown  by  the 
moving  index  of  a  large  fixed  position  circle.  The  moving  slit  on 
the  collimator  can  be  easily  replaced  by  the  excellent  fixed  slit 
formerly  used.  This  has  recently  been  much  improved,  and  fitted 
with  new  pairs  of  straight  and  curved  jaws,  as  well  as  a  prism 
behind  the  slit,  for  use  in  accurately  setting  the  instrument  on 
a.  small  object. 

Although  made  as  light  as  is  consistent  with  thorough  rigidity, 

t:he  spectroheliograph  weighs  about  250  pounds.    But  as  the 

mounting  of  the  equatorial  was  constructed  with  this  fact  in 

^new,  the  instrument  is  carried  with  great  ease  and  smoothness. 

1  cannot  speak  too  highly  of  the  care  and  accuracy  with  which 

^Ir.  J.  A.  Brashear  has  constructed  the  entire  apparatus.    To  his 

tskillful  foreman,  Mr.  George  Klages,  much  credit  is  due  for  the 

excellent  manner  in  which  he  has  worked  out  many  features  of 

the  design.    I   am  also  indebted  to  the  experience  in  hydraulic 

trngineering  of  Mr.  T.  E.  Brown,  for  important  suggestions  as  to 

the  improved  form  of  clepsydra. 

Though  the  spectroheliograph  is  apparently  somewhat  compli- 
cated, its  manipulation  is  extremely  simple.  The  method 
recjuires  that  the  first  slit  move  gradually  across  the  image  of  the 
Sun  at  the  focus  of  the  equatorial,  while  the  second  slit  moves  at 
such  a  rate  that  the  K  line  constant!}'  falls  upon  the  fixed  photo- 
graphic plate.  Images  of  any  regions  on  the  Sun  in  which  the 
K  line  is  reversed  must  then  be  obtained  upon  the  sensitive  sur- 
face, requiring  only  the  ordinary  method  of  development  to 
permanently  register  them. 

To  make  the  use  of  the  instrument  clear  I  will  describe  the 
Ulceration  of  ])hotogra])liing  the  ])rominences  around  the  circum- 
ference of  the  solar  disc.  The  center  of  the  Sun's  image  formed 
by  the  equatorial  (this  image  is  about  2  inches  in  diameter)  is 
made  to  coincide  with  the  axis  of  the  collimator,  and  maintained 
in  this  position  by  the  driving-clock.  The  whole  spectrohelio- 
graph is  then  rotated  until  the  slit  is  parallel  to  the  Sun's  axis. 


The  dust  lines,  which  are  unavoidable  in  the  spectrum  when  a 
narrow  slit  isused,  are  thus  made  to  indicate  the  direction  of  the 
solar  equator  in  the  photograph.  After  having  moved  the  collini^ 
ator  tube  until  the  scale  reading  indicates  that  the  first  slit  is 
the  focus  of  the  erjuatortal  for  K,  and  the  objective  of  the  oliseri 
ing  telescope  until  it  is  in  focus  for  the  same  line,  the  slits  at 
brought  to  the  center  of  the  field  by  opening  the  proper  valves  in 
the  clepsydra.  While  observ  ing  the  spectrum  through  the  secouij 
slit  with  a  positive  eye-piece  (the  plate-holder  being  suppose 
removed)  the  grating  is  rotated  until  the  region  of  the  green  in 
the  third  order  spectrum  which  overlies  the  K  line  in  the  fourth 
order  is  seen  in  the  middle  of  the  slit.  (This  adjustment  can  be 
made  once  for  all,  for  by  next  noting  what  line  in  the  gre^n  falls 
on  the  crosshair  while  oljserving  the  spectrum  with  the  small 
diagonal  prism  described  above,  it  is  only  necessary  for  subse- 
quent exposures  to  set  this  Ime  on  the  cross*hair,  when  K  must 
pass  through  the  second  slit.  For  the  prism  moves  with  the 
slit,  and  the  distance  between  them  is  constant  in  all  positions 
of  the  latter.  This  allows  all  future  settings  on  the  K  line  to  be 
made  when  the  photographic  plate  is  in  place.)  The  direct  light 
from  the  greater  portion  of  the  Sun*s  disc  is  then  excluded  by  a 
circular  diaphragm  slightly  smaller  than  the  solar  image,  sup* 
ported  just  in  front  of  the  first  slit ;  the  piston  is  run  to  the  upfier 
end  of  the  clepsydra;  the  micrometer  head  of  thegate-valve  set  at 
the  proper  reading;  the  plate-holder  placed  in  position,  the  slide 
drawn,  and  the  holder  pushed  forward  into  the  focal  plane  by 
turning  the  cam  ;  the  proper  valves  of  the  clepsydra  are  «ii)ened, 
and  as  the  slit  sweeps  across  the  middle  of  the  field  the  moment 
of  the  exposure  is  recorded  in  the  note-book,  fin  developing  the 
plate  all  the  prominences  around  the  entire  circumference  oi  the 
Sun  are  found  in  their  proper  forms  and  positions.* 

Anyone  familiar  with  the  spectroheliograph  can  easily  make  all 
the  adjustments  and  secure  a  photograph  of  the  prominences  in 
less  than  two  minutes  time.  After  the  first  photograph  as  many 
as  are  desired  may  be  taken  at  intervals  of  about  one  minute. 
To  say  nothing  of  the  gain  in  accuracy,  the  great  saving  of  time 

•  Sabj€ct»  ot  coiimc.io  the  diatortion  which  the  ^ratini?  produces  in  t\\c  plnue 
of  dispi-rston,     Umiijj  the    K   line  iti  the  lourth  order.  Ihe  Sun's  disc   with   l" 
present  instrument  is  iin  elli|i^.  with  its  niinTir  axis  In  the  phine  *»("  tlis|>crsic; 
Tlie  ilislLirUon  dtics  no  harm  in  plates  ituendcd  for  mtnsurcmcnl,  as  it  niny  rea 
i)y  lie  f»1h>Wi*ci  for      1  hnve  tic  vised  scvi-rnl  melhnds,  mcehntiicjil  and  ojitieal, 
which  thecirculnr  lorm  of  the  ininjfc*  may  *Je  restored,    One  of  the  simplest  u 
most  satislnctory  of  these  is  to  use  no  dnvin|L'*eloek  in  photographing,  hut  nJlc 
the  Snn  to  move  across  the  field  during;  the  ex^»snre.  in  the  same  direetion  wi 
the  first  slit*    The  sjwed  of  the  ?Ut  then  determines  the  furtti,  nnd  sharply  dcfiir 
circular  ima^'cs  huve  thus  been  ohtained. 
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is  apparent  when  it  is  remembered  that  so  skillful  an  observer  as 
the  late  Father  Secchi  estimated  that  one  hour  is  required  to 
properly  record  all  prominences  around  the  circumference  by  the 
ordinary  method.  Our  record  may  now  be  unbroken  even  on 
days  when  clouds  prevent  an  hour's  observation.  Moreover,  on 
clear  days  several  photographs  may  be  obtained  in  the  morning 
and  afternoon.  As  many  prominences  last  but  a  few  hours  or 
even  minutes,  this  is  important.  At  present  I  do  not  know  that  * 
more  than  one  complete  record  of  all  prominences  is  made  in  a 
single  day  at  any  ^bservatorj',  even  under  the  clear  skies  of 
Italy. 

But  the  great  advantage  of  photography  is  most  apparent 
during  the  sudden  and  short-lived  eruptions,  with  which  all  solar 
observers  are  familiar.  At  such  times  I  leave  the  visual  observa- 
tions ofthe  phenomenon  entirely  to  my  assistant — who  employs/ 
the  4-inch  equatorial  and  small  grating  spectroscope — and  spend 
my  time  making  photograph  after  photograph,  thus  securing  a 
most  complete  and  accurate  record  of  the  development  and  dis- 
solution ofthe  prominence. 

Let  us  now  consider  another  class  of  solar  phenomena,  for  the 
registration  of  which  the  spectroheliograph  has  proved  to  be  of 
great  value.    I  refer  to  the  faculae. 

In  his  catalogue  ofthe  bright  lines  in  the  sx)ectrum  of  the  chro- 
mosphere, published  in  1872,*  Professor  Young  remarks  as  fol- 
lows in  regard  to  the  H  and  K  lines :  **  They  were  also  found  to 
be  regularly  reversed  upon  the  body  of  the  Sun  itself,  in  the  pen- 
umbra and  immediate  neighborhood  of  every  important  spot.'* 
The  observations  referred  to  were  made  under  the  exceptional  at- 
mospheric advantages  enjoyed  at  the  summit  of  Mount  Sherman, 
but  even  with  the  less  favorable  conditions  common  at  the  sea- 
level,  the  same  observer  has  repeatedly  made  out  similar  rever- 
sals in  many  spots.  I  do  not  know  that  these  observations  were 
confirmed  elsewhere  until  the  photographs  made  at  this  Observa- 
tory in  April,  1891,  brought  out  the  same  thing  with  great 
clearness.  A  few  months  later  Professor  Young  secured  at 
Princeton  some  photographs  of  the  reversals,  but  my  own  at- 
tention has,  until  recently,  been  so  fully  occupied  with  work  on 
the  prominences  that  I  have  had  but  little  opportunity  to  go  on 
with  my  proposed  photographic  study  of  spot  spectra.  Late 
in  December,  however,  I  secured  some  photographs  of  the  spec- 
trum of  a  spot  in  which  the  lines  were  so  sharply  defined  that 
the^'  were  given  a  verj'  careful  examination.  Not  only  were  the 
•  American  Journal  of  Science,  Nov.  1872. 


bright  lines  at  H  and  K  more  prominent  in  the  penumbra  than 
in  the  umbra  of  the  spot,  but  their  extent  in  the  surrounding  re- 
gion was  so  great  as  to  arouse  the  suspicion  that  similar  rever- 
sals might  be  found  on  the  disc»  at  points  remote  from  spot  re* 
giotis.  To  test  this  idea,  a  series  of  six  photographs  of  the  spec* 
trum  was  taken,  the  slit  in  each  case  being  placed  parallel  to  the 
position  it  had  occupied  during  the  exposure  just  preceding,  and 
about  3'  distant  from  it.  My  expectations  were  not  only  real- 
ized by  these  photographs,  but  greatly  surpassed.  In  each  of  the 
six  positions  of  a  slit  not  more  than  0.002  inch  wide  the  K  line 
was  reversed  in  from  three  to  ten  places.  H  was,  without  doubt, 
similarly  affected  in  all  of  these  points,  but  in  some  cases  it  was 
too  faint  to  be  certainly  seen.  Most,  if  not  all,  of  these  reversals 
were  double,  i,  e.,  a  dark  line  ran  through  the  center  of  the  bright 
line,  as  is  frequentW  observed  in  the  si:>ectrum  of  the  electric  arc. 
I  have  since  suspected  in  several  cases  a  strengthening  of  the 
broad  dark  absorption  bands  of  the  solar  spectrum  for  a  short 
distance  on  both  sides  of  the  bright  reversals. 

Having  thus  found  the  surface  of  the  Sun  to  be  dotted  over 
with  regions  in  which  the  H  and  K  lines  are  bright,  I  at  once  con- 
cluded that  the  forms  of  the  reversed  regions  might  be  photo- 
graphed with  the  spectroheliograph,  in  exactly  the  same  way 
that  prominences  around  the  circumference  are  obtained.  The 
first  attempt  to  do  this  was  made  on  January  12,  when  the  ad- 
justments of  the  instrument  were  incomplete,  and  connection  had 
not  been  established  between  the  accumulator  and  the  clepsydra. 
In  lack  of  more  suitable  motive  power,  the  slits  were  moved  by 
hand,  and  even  in  this  way  bright  forms  near  a  spot  group  were 
shown  on  the  photographs,  though  they  could  not  be  seen  with 
the  helioscope.  The  completion  of  the  apparatus  a  few  days 
later  enabled  me  to  secure  very  good  photographs  of  the  bright 
regions,  and  on  comparing  them  with  drawings  and  photo- 
graphs, taken  in  the  ordinary  way,  of  facul^  near  the  limVi,  it 
was  found  that  the  forms  were  identical. 

The  great  advantage  of  the  new  method  of  photographing 
faculae  is  at  once  evident.  Taking  little  account  of  the  difference 
in  brilliancy  between  the  limb  and  the  center  of  the  Sun's  disc,  it 
allows  us  to  photograph  faculae  wherever  they  may  be  in  the  viri- 
ble  hemisphere.  The  investigation  of  these  objects  has  hereto- 
fore been  so  restricted,  that  it  may  be  truly  said  that  we  arc  now 
enabled,  for  the  first  time,  to  study  them  \%nth  any  degree  of 
completeness. 

One  of  the  most  interesting  and  important  of  all  the  solar 
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questions  with  which  we  have  to  deal  is  the  relation  existing  be- 
tween spots,  prominences  and  faculse.  In  the  long  discussion  in 
the  Comptes  rendus,  in  which  M.  Faye  vigorously  defended  his 
theory  of  Sun-spots  against  all  comers,  he  stoutly  maintained 
that  prominences  and  faculae  result  from  spots  and  pores,  while 
his  opponents,  MM.  Secchi  and  Tacchini,  were  as  fully  con- 
vinced that  we  must  look  to  faculae  and  prominences  for  the  true 
explanation  of  spots.  Both  parties  agreed,  however,  that  facu- 
Ise  are  often  the  sources  from  which  prominences  spring,  and  this 
conclusion  is  sustained  by  the  first  results  obtained  photographi- 
cally. In  the  large  number  of  plates  already-  secured,  there  are 
many  instances  in  which  faculse  at  the  limb  are  shown  to  pro- 
ject a  short  distance  above  the  boundary  of  the  photosphere. 
Indeed,  though  the  prominences  usually  require  a  slower  motion 
of  the  slit,  and  consequently  a  longer  exposure,' than  that  which 
is  most  suitable  for  faculae,  in  several  cases  they  have  been  bright 
enough  to  appear  on  plates  where  only  faculas  w^ere  expected. 
As  both  have  the  same  bright  lines  in  their  sx)ectra,  and  both  pro- 
ject above  the  level  of  the  photosphere,  a  facula  might  almost 
be  defined  as  a  small  prominence  possessing  a  continuous  sx)ec- 
trum  in  addition  to  its  bright  lines. 

But  while  it  is  not  difficult  to  separate  the  two  classes  of  phe- 
nomena at  the  Sun's  limb,  the  distinction  becomes  much  less  evi- 
dent, or  even  disappears,  when  they  are  photographed  in  projec- 
tion on  the  disc.  Given  a  sufficiently  bright  prominence  at  any 
point  on  the  visible  hemisphere,  and  the  spectroheliograph  can- 
not fail  to  show  its  form  as  well  as  those  of  the  faculae.  A  possi- 
ble instance  of  this  kind  was  given  in  my  paper  on  the  great 
spot-group  of  PebruarN',  1892  (Astronomy  and  Astro-Physics, 
April,  1892).  The  forms  of  the  bright  regions  in  the  midst  of  the 
spot-group  as  observed  through  the  C  line,  and  photographed 
through  K,  were  found  to  agree.  It  has  usually  been  assumed 
that  the  reversed  regions,  which  have  occasionally  been  seen  in 
this  way  near  spots,  were  prominences.  I  see  no  reason  why 
they  may  not  be  equally  well  regarded  as  faculae,  for,  like  H  and 
K,  C  is  bright  in  both.  As  facula?  do  not,  as  a  rule,  undergo 
rapid  variations  in  form,  a  criterion  may  perhaps  be  found  in  this 
fact,  for  bright  prominences  are  usually  active  ones.  I  have  al- 
ready mentioned  that  the  bright  H  and  K  lines  on  the  disc  have 
as  yet  given  no  indication  of  motion  in  the  line  of  sight,  and  this 
may  point  to  their  origin  in  facula?,  rather  than  in  prominences. 
It  seems  probable  that    ordinary   prominences  cannot  be  seen 


when  projected  on  the  disc,  as  their  temperature  may  be  lower 
than  that  of  the  brilliant  background. 

At  the  meeting  of  the  Chicago  Academy  of  Sciences  on  April  12, 
1892»  I  presented  a  preliminanp^  note  on  the  forms  of  the  faculse* 
as  they  are  shown  in  the  daily  series  of  photographs  obtained 
with  the  spectroheliograph.  My  attention  was  first  directed  to 
this  subject  by  a  remarkable  facula  photographed  in  the  central 
region  of  the  great  spot  group,  as  it  appeared  at  the  Sun's  eastern 
limb  on  Februarv^  4,  1892.  In  shape  this  facula  was  similar  to 
the  letter  S,  one  extremity  of  which  terminated  abruptly  in  a 
small  but  brilliant  circular  expansion.  On  looking  over  other 
plates  to  see  whether  curv^ed  forms  occur  frequently  in  facula?^  I 
was  surprised  to  find  several  well-marked  cases  in  every  negative. 
This  led  to  an  examination  of  all  the  photographs  of  facute  in 
our  collection.  Of  137  negatives,  taken  between  January  22  and 
April  12,  49  were  selected.  These,  with  one  or  two  exceptions, 
were  obtained  on  different  days.  The  remaining  88  were  either 
taken  on  the  same  days  with  some  of  the  above,  or  injured  by 
clouds,  etc.,  and  they  were  therefore  left  out  of  consideration.  On 
the  49  plates,  245  cases  of  smooth  curv-es  in  the  forms  of  faculie 
were  noticed  on  casual  inspection,  and  in  98  cases  the  curved 
faculae  terminated  in  bright  circular  heads.  Spiral  forms  were 
found  to  be  not  uncommon,  but  the  form  which  appears  in  the 
vast  majority  of  cases  is  like  that  of  a  figure  3,  the  open  side  fac- 
ing in  an  easterly  much  more  frequently  than  in  a  westerly  direc- 
tion. Of  the  intimate  relation  of  such  faculae  with  the  spots 
which  they  often  enclose  I  shall  be  able  to  write  more  intel- 
ligibly in  a  future  paper,  which  I  hope  to  accompany  with  repro- 
ductions of  some  of  the  photogaphs. 

Most  of  the  following  dail3^  series  of  photographs  are  now  in 
progress  at  the  Kenwood  Observ^ator}',  and  the  others  will  ver>- 
shortly  be  undertaken : 

a.  Photographs  of  the  Sun  with  a  12-inch  photographic  objec- 
tive and  enlarging  lens,  for  shots  and  granulation.  Diameter  of 
image  between  10  and  IG  inches. 

(i.  Photographs  of  the  Sun  with  the  spectroheliograph:  for 
faculae  and  bright  prominences  on  the  disc.  Diameter  of  image 
=  2  inches.  (The  general  forms  of  spots  are  also  sho>\^  on  these 
plates.) 

y.  Photographs  of  the  Sun  with  the  spectroheliograph;  for 
chromosphere  prominences  around  the  circumference  of  the  disc. 
Diameter  of  image  =  2  inches. 


^ 
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d.  Photographs  of  the  sx)ectra  of  spots  and  faculae  with  the 
14,438  grating;  for  distortion,  reversal  and  widening  of  lines. 

e.  Photographs  of  the  spectra  of  the  chromosphere  and  prom- 
inences with  the  14,438  grating;  for  reversal  and  distortion  of 
lines. 

While  it  is  true  that  photography  fails  as  yet  to  record  the 
smaller  details  in  prominences  (as  it  also  fails  in  the  case  of 
spots),  the  merely  experimental  side  of  the  investigation  has  been 
fairly  passed,  and  we  have  now  entered  upon  the  practical  appli- 
cation of  photographic  methods  in  recording  all  of  these  various 
classes  of  solar  phenomena. 

Kenwood  Astro-Physical  Observatory, 
Chicago,  April  15, 1892. 


NOVA  AURIG/B.* 


EDWARD  C.  PICKBRIKG. 


The  new  star  in  Auriga  has  now  become  very  faint.  It  has 
been  photographed  at  the  Harvard  College  Observatory  on 
about  forty  nights  since  December  10,  1891,  and  observed  visu- 
ally on  about  thirty  nights  since  February  3, 1892.  After  under- 
going slight  fluctuations,  it  began  to  diminish  in  light  during  the 
latter  part  of  February.  It  attained  the  magnitude  6.0  on  the 
scale  of  the  meridian  photometer  about  March  4;  7.0,  March  10; 
8.0,  March  13;  9.0,  March  16;  10.0,  March  20;  11.0,  March  22; 
12.0,  March  25 ;  13.0,  March  29 ;  14.0,  April  6,  and  is  now, 
April  13,  of  about  the  magnitude  14.3.  After  March  7  the  cause 
of  the  outburst  and  fluctuations  in  light  appeared  to  cease  to  act, 
and  the  star  began  to  fade  with  such  regularity  that  it  promised 
to  furnish  a  test  of  the  correctness  of  Dulong  and  Petit's  law  of 
cooling.  After  three  weeks,  during  which  the  light  had  dimin- 
ished about  six  magnitudes,  the  change  became  less  rapid  and  the 
light  is  now  diminishing  slowly.  The  remarkable  increase  of 
light  of  more  than  half  a  magnitude  between  February  16  and 
17  was  shown  by  various  series  of  observations.  The  reality  of 
several  smaller  changes  can  also  be  checked  by  the  variety'  of 
methods  employed. 

The  spectrum  was  last  photographed  on  March  29,  when  the 
star  had  the  magnitude  13,  but  the  bright  lines  were  not  well 
shown  after  March  24,  when  the  magnitude  was  11.6.  The  prin- 
•  Communicated  bv  the  author. 
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cipal  bright  lines  faded  in  the  order  K,  H,  a,  F,  h  and  G,  the  latter 
line  becoming  much  the  brightest  when  the  star  was  faint. 

A  complete  discussion  of  these  measures  will  be  published 
shortly'.  Observers  are  invited  to  send  to  the  undersigned  any 
comparisons  they  may  have  made  of  the  light  of  the  Nova  with 
other  stars.  Observations  are  particularly^  desired  on  those 
nights  on  which  it  was  cloudy  at  Cambridge. 

Harvard  College  Observatory,  Cambridge,  Mass., 
April  14,  18^2. 


STARS  HAVING  PECULIAR  SPECTRAJ 


M.  FLEMING. 


A  recent  examination  of  photographs  of  stellar  spectra  taken 
with  the  8-inch  Draper  telescope,  at  Cambridge,  and  with  the 
Bache  telescope  under  the  direction  of  Professor  Wm.  H.  Picker- 
ing, at  the  station  near  Arequipa,  Peru»  adds  to  our  list  of  ob- 
jects of  interest  the  stars  given  in  the  following  table.  The 
successive  columns  contain  the  designation  of  the  star,  the 
approximate  right  ascension  and  declination  for  1900,  the 
magnitude,  and  a  brief  description  of  its  spectrum.  The  date  and 
station  at  which  the  photograph  was  taken  are  given  in  the 
last  two  columns. 


D»i|pi. 

R.A. 

Dccl. 

MfLjE 

1900 

1900 

h      m 

'3 

DM.  ^  Sa**  379 

1  38.7 

T  53  38 

9.4 

XfM.  +  38*  23S9 

12  54.-7 

■1-  aft  2o 

H.6 

2.  C.  XVA4.129 

16     0.6 

—  'in  57 

8H 

A   O.  C.  24>550 

17  S7,7 

—  2^  32 

6.1 

i?M.  — ix^+fl^a 

18  13.5 

—  11  40 

8.7 

DM.  ^61"  2233 

21  57-11 

f  02     0 

7.0 

Descriptioii. 


IV  Type 

IV  1  vj»e 

V  Tyi»c 

P  line  briRht 

VTyi>c 

F  line  briffhl 


Date. 


Dec.   30.  1891 
I   Mch,  28,  1H92 
Aug.  5.  IfiUl 
Aug.  2.  1891 
July  14,  1891 
Feb.  18,  1892 


station 


4 


CarjiliHace. 


Arvqu 
Cambridge. 


The  si>ectra  of  the  third  and  fifth  stars  in  the  above  list  are  of 
the  same  class  as  those  given  in  the  list  published  in  the 
Astronomische  Nachrichten,  Bd.  127,  p.  3,  and  they  increase  the 
number  of  these  objects  to  4-0.  The  galactic  longitudes  of  these 
two  stars  are  290"^  39"^  and  347°  ZCi  respectively ;  their  galactic 
latitudes  are  +17''  39'  and  +  0^  35'.  The  spectrum  of  the  fourth 
star  shows  other  bright  lines  besides  F. 

An  interesting  change  has  taken  place  in  the  spectrum  of  11 
Monocerotis  (H.P.  1220),  magn.  4.2,  whose  approximate  posi* 

•Commimicatcfi  by  Edward  C.  Pickering,  Director  Harvard  College  Obser- 
vatory, 
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tionfor  1900  is  in  R.  A.  6»»  24.0",  decl.  —6°  58'.  A  bright  line 
near  F  changes  its  position  with  regard  to  that  line  in  a  manner 
similar  to  the  bright  lines  in  ft  Lyrae.  Photographs  taken  with 
the  ll-inch  Draper  telescope  on  Dec.  14, 1888,  Dec.  23,  1889,  and 
Jan.  22,  1890,  show  this  line  as  having  a  shorter  wave-length 
than  F,  while  those  taken  on  Feb.  16, 1892,  and  Feb.  18,  1892, 
show  it  as  having  a  greater  wave-length.  A  detailed  study  of 
this  object  will  be  made.  • 

Harvard  College  Observatory, 
Cambridge,  Mass.,  April  14, 1892. 


THE  TRUE  form  OF  ALGOL'S  LIGHT  CURVE.* 


J.  PLASSMANN. 


During  the  winter  of  1890-91 1  observed  Algol  not  only  at  times 
of  minima,  but  also,  whenever  this  was  possible,  several  times 
every  clear  evening.  In  all  cases  the  star  was  compared  with 
three  comparison  stars — a  Persei,  y  Andromedae  and  e  Persei.  On 
moonlight  nights  no  observations  were  made.  Ordinariljr  I  did 
not  know  how  far  Algol  was  from  a  minimum.  The  observa- 
tionst  were  carried  on  up  to  March,  1891,  after  which  the  con- 
stellation was  too  near  the  Jjorizon. 

The  method  of  observation  has  the  advantage  that  it  is  inde- 
pendent of  the  scale  of  the  comparison  stars.  For  if  the  three  al- 
gebraic differences,  p  —  <i,  (i  —  /,  y5  —  £,  have  been  determined  by 
the  observations,  then : 

%[(/^  -  '^)  +  (/^  -  /)  +  (^  -  0]  =  >^  -  V3('^  +  /  +  0  =  s. 
The  zero-point  for  s  is  thus  the  arithmetical  mean  of  the  bright- 
ness of  the  three  comparison  stars.  I  have  used  the  same  meth- 
od advantageously  for  a  number  of  variable  stars  with  slight 
light-changes,  e,g,,  a  Cassiopeia,  r,  Geminorum,  k  Tauri,  fi  Pegasi, 
o  Orionis,  II  Cephei. 

To  mj'  CN'e  the  differences  Algol  —  z  Persei,  and  Algol — r  Andro. 
medae  are  generally  positive ;  <5  Persei — a  Persei  is  generally  nega. 
tive.  The  times  of  observation  were  then  reduced  to  Paris  time 
and  to  the  Sun ;  several  observations  and  times  of  observations 
were  united  into  means  after  the  times  had  been  arranged.accord- 
ing  to  the  phase y  i.  e.,  the  time  elapsed  since  the  last  minimum. 
The  values  are  given  in  the  following  table : 

*  Commanicatcd  by  the  author. 

t  See  my  paper,  '*  Beobachtangen  ver&nderlicher  Sterne,  III.  Theil."  Cologne, 
1S91. 
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2.76^ 


10 


41 


37 


35 


31 


52 


11 


Sutn :  223  observationi^  or  669  estimates. 

Here  s  has  the  signification  mentioned  above;  n  is  the  numl 
oi  obsen^ations.  each  of  which  consists  of  three  estimates. 

The  figures  appear  at  first  glance  to  run  very  irregularly.  Some 
•  weeks  ago  I  first  saw  Herr  Scheiner^s  pamphlet :  **  Untersuchung- 
en  ueber  den  Ltchtwechsel  Algols  nach  den  Mannheimer  Beobb. 
von  Professor  Schoenfeld  in  den  Jahren  1869-1875.*'  From  this 
pamphlet,  which  was  published  at  Bonn  in  1882*  it  appears  that 
Schoenfeld  made  357  observations  of  Algol  at  times  other  than 
minima  with  a  view  of  discovering  a  possible  variability  of  Algol 
during  the  60  hours  in  which  it  was  formerh'  considered  to  }ye 
constant.  Each  observation  consists  of  two  estimates,  so  that 
714  estimates  are  given  in  all,  while  my  223  observations  repre- 
sent 669  estimates.  Consequently  I  venture  to  believe  that  my 
observations  are  somewhat  more  reliable  than  those  of  my  late 
teacher,  because  Schoenfeld's  notes  are  scattered  over  a  longer 
time,  and  because  my  observations  were  only  made  when  there 
was  no  disturbing  influence  of  moonlight,  while  Schoenfeld  evi- 
dentl}'  oliserved  even  in  the  moonlight.  Forming  means  by  the 
same  method  that  I  have  myself  employed  more  recently,  (see 
page  13  of  his  pamphlet)  Scheiner  finds  **  that  the  full  light  of 
Algol  can  be  regarded  as  entirely  constant  during  the  mean 
course  of  a  period."  Scheiner  united  his  observations  by  tens  (20 
estimates)  to  form  a  single  mean.  A  further  contraction  of  these 
figures,  however,  gives  the  following  table,  in  which  j?  is  as  before, 
while  N\^  the  step  according  to  Scheiner's  scale: 


Phase: 

10'' 

20^ 

ao*- 

+0'* 

SO** 

59^ 

N    : 

20.+1 

20.36 

20,40 

20.44 

20.41 

20.45 

ti     : 

60 

60 

GO 

60 

60 

57 

Here  a  minimum  at  20^  is  at  once  evident.  The  question  then 
arose  whether  my  own  observations  might  not  be  united  wnth 
Schoenfeld's.    After  several  trials  I  found  the  equation: 

iV— 19.497  + 0.37s. 

Reducing  my  values  of  s  to  the  scale  of  N  by  the  aid  of 
equation,  the  following  table  results,  in  which  Schocnfcld*s  times 
and  mean  values  arc  somewhat  more  accurately  given  than  in 
the  one  above* 


' 

J- 
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Schoenfeld. 

Observations. 
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7h  25" 

20.360 

30 
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20.455 

41 
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.463 

30 
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60 
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37 
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60 

35    57 

.444 

35 
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60 
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.411 

31 
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.412 
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.490 

30 
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.466 

52 
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27 
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Y" 
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It  is  at  once  evident  that  both  sets  of  observations  follow  the 
same  law.  It  may  therefore  be  regarded  as  proved  that  Algol 
during  the  time  of  its  full  light  undergoes  certain  variations,  such 
as  are  shown  in  Fig.  2. 


In  this  curve  the  light-changes  are  shown  on  a  scale  250  times 
as  great  as  that  used  in  Fiq.  i,  which  is  the  general  cnrve  of  Algol 
according  to  Scheiner.  The  curve  seems  to  have  three  maxima 
and  three  minima,  as  follows: 


iinimum. 

Maximum. 

Qh         QM 

12»»  30*»» 

21    36 

ar   12 

47      0 

57    40 

I 


These  points  divide  the  curve  into  six  nearly  equal  parts;  ex- 
actly equal  divisions  would  give: 

Qh  Qtn^  i^ii  28"\  22"  56'",  34"  24"S  45»'  52'".  37''  20"',  68'*  48"\ 

This  result  recalls  the  light-curve  of  i^  Lyrae,  {Fig,  4,  from  Argc- 
lander's  Coalmen  tat  io  altera)  being  divided  by  its  maxima  and 
minima  into  four  nearly  equal  parts.  But  perhaps  this  agree- 
ment is  only  accidental  The  slight  undulations  in  Algol's  bright- 
ness also  recall  the  inflections  in  the  descending  branch  of  the 
curve  of  «  Cephei  (Fig.  3,  after  Heis)  and  r,  Aquila*. 

Earlier  observations  by  Schoenfeld  are  given  in  his  article 
**Der  Ltchtvvechsel  der  Sterner  Algol  in  Perseus/'  (3Cv  Jahres- 
bericht  der  Mannheimer  Vereins  fiir  Naturkunde,)  They  were 
made  between  1859  and  1870;  the  mean  values  are  given  in  the 
following  table: 


h 

h 

h 

h 

!i 

h 

u 

Phase: 

7.67 

20.17 

2H.iy 

3931 

47,89 

64,63 

«0  5!|    I 

iV 

20,77 

20  5H 

20.88 

21  lO 

21.04 

21.04 

2CI  73j 

JV  obii  : 

20.393 

20.36fi 

20.410 

20.443 

20  454 

20  434 

20  439 

n  -■ 

5r 

6. 

5. 

5. 

5. 

5 

5 

A'comp: 

20.380 

20.851 

20.3R« 

20.439 

20.40J^ 

20,454 

2u,3yo 

Cottip  -ob«.: 

—  o.oia 

—    O.Ol* 

—    0.022 

—    0.0O4 

—    0026 

■k-      0.020 

—     0  042 

Here  AT  is  the  brightness  on  Schoenfeld 's  earlier  scale;  its  mean 
=  20.88,  while  Scheiner's  mean  =  20.41.  The  equation  of  re- 
duction  is 

iSr=  20.41  +  0.15(A^  —  20.88), 

by  means  of  which  the  third  line  {N\  obs.)  has  been  calculated. 
Every  value  is  the  result  of  5  observations  (u  =  5) ;  their  accu- 
racy cannot  therefore  be  regarded  as  very  great.  The  curve  (Fig^, 
2)  gives  the  values  in  the  last  line  l)Ut  one  (JV,  com  p.) ;  tlie  dift'er- 
cnce  (comp.-obs.)  is  evidently  not  very  marked,  though  A^  is  the 
result  of  only  5  observations.  In  Zoelhier's  **Grundzuegen  einer 
allgcmeinen  Photometrie  der  Himraels/"  4  photometric  observa- 
tions of  Algol  are  given,  each  the  mean  of  4  measures,  and  all 
made,  curiously  enough,  during  the  time  of  full  light.  In  the  first 
two  cases  Algol  was  compared  with  **>  Persei,  in  the  third  with 
Jt  Persei;  this  case  could  be  reduced  to  the  others  by  the  equation 

log  --  +  log  ^  -  log  -. 
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But  the  fourth  observation  (1860,  Sept.  27),  in  which  Algol 
was  compared  with  d  Persei,  could  not  be  used,  on  account  of  a 
lack  of  information  in  regard  to  the  comparison  star. 

TizDe.  Phase.         log^  N,  N."  N-^Nr 

1859,  Dec.  15,  6»  7»   39^16"   0.97196   20.438   20.433   -1-0.005 

1860.  Jan.  12,  9  15  26  15  0.91444  20.370  20.366  -|- 0.004 
1860,  Aug.  18,  12   1    54  59    1.00285   20.459   20.469   -0.010 

Mean:  0.96308   20.4223 

The  above  table  gives  Zoellner's  times  of  observation  reduced 
to  Paris  time  and  to  the  Sun,  which,  though  possessing  no  great 
degree  of  accuracy,  will  suffice  for  our  purpose.  From  them  the 
phases  were  deduced,  based  on  the  minimum  of  1856,  Dec.  13, 
7^  59"  31»  (Argelander  B.  B.  VII,  p.  38).    The  next  column  gives 

log —  as  deduced  by  Zoellner.    For  the  third  observation  Zoellner 

Q 

took  log  —  =0.64954;  taking  account  of  the  weights  I  find 
from    many    other    determinations    b3'     Zoellner   that     log  — 

=0.35331,  so  that  log  —  =1.00285.    The  fourth  column  gives 

AT,  taken  from  my  curve.  By  the  aid  of  the  mean,  as  well  as  the 
three  values  of  JV,  and  also  Zoellner's  three  logarithms,  the  equa- 
tion of  reduction  is  readilv  found  to  be 


log  ^  —  0.96308 


10' 


|9.t)3420  —  10 


=  JV''  — 20.4223, 


by  means  of  which  the  logarithms  may  be  reduced  to  the  scale  fo 
N.  The  values  of  N'^  thus  found  are  given  in  the  fifth  column, 
and  the  small  amount  of  the  difference,  N —  iV',  may  be  regarded 
as  a  photometric  confirmation  of  the  determinations  obtained  by 
an  entirely  different  method.  The  probable  errors  of  his  logar- 
ithms, given  by  Zoellner,  are  much  smaller  than  the  amounts  of 
the  variations,  and  his  attention  ought  to  have  been  aroused  by 

this  fact.    Log  —  is  indeed  shown  by  the  various  determinations 

"a* 

to  vary  considerably.    But  the  probable  errors  are  perhaps  larg- 
er than  this  astronomer  believed. 

Besides  my  own  observations  during  the  winter  of  1890-1891 
Herr  Pannekock  of  Leyden,  Holland,  made  some  observations  of 
Algol  during  its  times  of  full  brillianc3',  but  they  are  not  yet  num- 


I 


erous  enough.    It  is  very  desirable  that  as  many  as  possible  ac- 
curate photometric  observations  be  made. 

To  explain  the  changes  in  Algol's  full  light,  atmospheric  tides 
the  principal  star  ma^'  be  suggested,  and  also  a  faint  light  pn 
per  to  the  satellite.  A  comparison  of  Zoellner's  figures  with  my 
own  and  Schoenfeld*s  earh^  and  more  recent  ones  shows  that  the 
amplitude  of  the  variations  is  different  in  different  years.  But  the 
reality  of  these  difterences  may  be  doubted,  as  they  may  be 
caused  by  the  methods  of  observation. 

Wakexdorf  (Westfalen,  Germany),  1891,  Dec.  2. 
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ON  THE  DISTRIBUTION  IN  LATITUDE  OF  SOLAR  PHENOMENA 
SERVED  AT  THE  ROYAL  OBSERVATORY  OF  THE  ROMAN  COL* 
LEGE,  DURING  THE  SECOND  HALF  OF  I89L* 

P.  TACCHINT, 

The  following  results  were  determined  for  each  zone  of  10  , 
both  hemispheres  of  the  Sun : 


PROMINENCES. 

1891. 

Third  Qaartcr. 

Fourth  yuarter. 

90^  +  80^ 
80+70 

0.00 1 

0.000 

0*000 

0.007 

70+60 

0.003 

0,014 

60    -f  50 

0.122 

l:iM 

50    4-40 
40    -f  30 

0  »33 

0,076 

0.073 

30   -4-  20 

20  4*  «^ 

0.t20 

0.068 

0.055 

0.059 

to     .   0 

0,042 
0.552 

0,043 

0533 

0  —  10 

0.020 

0.018 

10  —  ao 

0.038 

0.066 

20  —  30 

0.077 

0.085 

30-40 

0.1  tl 

0.083 

40  —  50 

0.112 

o.toi 

50—60 

0.085 

0.096 

60  —  70 

0.004 

o.ot8 

70  —  80 

O.QOl 

0.000 

So  -  90 

0.000 

0.000 

0.448 

0^477 

FACUL^. 

1t»91. 

Third  Quarter. 

Fourth  ytsarter. 

So°  -f  40^ 

0.000 

0.007 

40  4-30 
30  +20 

0.027 

0.051 

0.259 

O.aJt 

20  -j-  10 

0-324 

0.273 
0.088 

10    .   0 

o.tJ4 

Commtinicatcd  by  the  author, 


0.724 


0.639 
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1891. 

Third  Quarter. 

Fourth  Quarter. 

c 

►  —  10 

0.016 

0.015 

lo  —  20 

0.108 

O.I  18 

2€ 

►  -30 

0  108 

0.206 

3C 

^-40 

0.038 

0.022 

4C 

►  -50 

0.006 
0.276 

0.000 

0.361 

SPOTS. 

1891. 

Third  Quarter. 

Fourth  Quarter. 

40^ 

+  30° 

0.000 

0.000 

30 

+  20 

0.250 

0.271 

20 

+  10 

0.472 

0.390 

10 

.    0 

—  10 

0.014 

0.017 

0.736 

0.678 

0 

0.000 

0.017 

10 

—  20 

0.125 

0.169 

20 

-30 

O.III 

0.136 

30 

-40 

0.028 

0.000 

0.264 

0.322 

ERUPTIONS. 

1891. 

Third  Quarter. 

Fourth  Quarter. 

40*» 

+  30^ 

0.053 

0.000 

30 

+  20 

0.368 

0.000 

20 

+  10 

0.263 

0.000 

10 

.    0 

-    I0« 

0.105 
0.789 

0.000 

0.000 

0« 

0.000 

0.000 

10 

—  20 

0.105 

0.000 

20 

-30 

0.053 

0.000 

30 

-40 

0.053 

0.000 

0.2 1 1  0.000 

The  solar  prominences  were  thus  more  frequent  in  the  northern 
hemisphere,  while  in  the  preceding  quarter,  as  in  1890  and  1889, 
a  greater  frequency  was  always  found  in  the  southern  hemisphere 
of  the  Sun.  The  faculae  were  also  more  numerous  north  of  the 
equator,  and  the  maximum  of  frequency  occurred  in  the  zones 
(±  10°  ±  30°),  that  is  to  sa\',  in  lower  latitudes  as  compared 
with  the  prominences  than  was  the  case  in  the  preceding  quarter. 
The  spots  followed  the  same  rule  as  the  faculae,  being  most 
abundant  north  of  the  equator,  with  the  maximum  of  frequency 
in  the  zones  (±  10°  ±  30°).  All  the  phenomena,  including  the 
eruptions,  were  most  frequent  in  the  northern  hemisphere,  and 
very  feeble  in  the  neighborhood  of  the  equator  and  near  the  poles. 
Rome,  Italy,  March,  1892. 


THE  DISTRIBUTION  OF  THE  SOLAR  PROMINENCES  OF     18^1. * 
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I  working  out  the  relative  distribution  in  latitude  of  the 
prominences  observed  by  me  in  1890,  it  was  found  that  there 
was  a  well  marked  maximum  of  activity  between  the  parallels  of 
40  degrees  and  50  degrees  on  both  sides  of  the  equator.  Besides 
this»  other  secondar3"  maxima  and  minima  were  indicated  in 
lower  latitudes,  which  gave  a  wavy  contour  to  the  curve  repre- 
senting graphically  the  relative  activities  at  the  different  zones. 
These  lesser  irregularities  in  the  curve  were  thought  at  the  time 
to  be  simply  the  result  of  insufficient  observation,  and  that  if  the 
Sun  could  have  been  observed  every  day»  instead  of  an  average  of 
only  once  in  four  the  decrease  in  activity  from  the  maximum  to' 
the  equatorial  minimum  would  have  appeared  far  more  regular. 

But  as  further  observation  has  tended  rather  to  intensify  than 
smooth  away  these  peculiarities,  I  have  thought  it  might  be  of 
some  interest  to  put  on  record  the  results  so  far  obtained, 

A  much  more  extended  series  of  observations  has  been  nly- 
tained  during  1891.  Mr.  E.  E,  Read,  of  Camden  City,  New^  Jer- 
sey, using  a  5-inch  refractor  and  grating  spectroscope,  has  ob* 
served  the  prominences  during  four  months  of  the  year,  and  he 
has  kindly  sent  me  the  results  oV^tained,  which  I  have  included 
w  ith  my  own  observations. 

At  Ken  ley,  using  a  2V2-inch  equatorial,  armed  witli  a  spectro- 
scope of  6  prisms,  and  circular  slit,  I  have  observed  the  Sun  com- 
pletely, as  regards  the  prominences,  on  123  days,  and  imperiectly 
on  11. 

P'rom  the  positions  obtained  it  is  found  that  the  main  features 
of  the  curve  of  1890  are  still  maintained.  In  both  years  there 
are  shown  two  principal  maxima  in  the  northern  hemisphere, 
separated  by  a  very  pronounced  minimum,  whilst  south  of  the 
equator  there  are  three  points  of  maximum. 

In  order  to  bring  out  any  slow  changes  which  may  be  in  prog- 
ress in  the  latitudes  of  these  zones  of  greater  activity,  I  have 
worked  out  three  separate  curves  each  representing  equal  periods 
of  six  months,  beginning  in  July  1890  and  ending  December, 
1891, 

In    the   diagrams,  Figs,  1,  2  and  3,  solar  latitude  is  repre- 
?nted  in  a  horizontal  direction,  the  equator  on  the  left  hand  and 

le  poles  on  the  right,  the  north  hemisphere  being  above  the 
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limb  of  the  Sun  was  determined  by  our  calculations  to  be  Feb.  19. 
The  phenomena  seen  at  this  place  with  the  spectroscope  deserve 
particular   mention.    The   base   of  a  remarkably  brilliant  large 
prominence  extended  from  position  angle  219°  20'  to  216°  26', 
and  a  few  streamers  rising  from  it  met  the  limb  again  at  222°  32'. 
The  lower  half  of  the  prominence  shone  with  an  enormous  bril- 
liancy; the  highest  streamers  were  also  so  bright  that  the  entire 
^orm  could  be  seen  with  a  widely  opened  slit,  and  its  height  was 
:fband  by  measurement  to  be  124".    The  lower   and   dazzlingly 
l)rilliant  half  was  the  seat  of  extraordinary  phenomena.    At  the 
Tniddle  of  the  base  a  bright  band  crossed  the  entire  field  of  view; 
the  prominence  gave  a  continuous  spectrum. 

The  width  of  this  band  was  not  far  from  1%°  — 2°;  its  edges 
were  not  sharp  but  diffuse.  I  estimated  its  brilliancy  as  about 
Wi  times  as  great  as  that  of  the  spectrum  near  the  C  line.  The 
band  was  equally  bright  across  the  entire  field  of  view,  and  ran 
through  all  the  colors  of  the  spectrum.  The  phenomenon  was 
nevertheless  not  entirely  new  to  me;  on  July  1, 1891, 1  saw  for 
the  first  time  a  similar  continuous  spectrum  in  a  prominence,  but 
the  appearance  at  that  time  showed  itself  only  over  a  small 
breadth  and  height  (C.  2?.,  CXIII,  i\jigust  17).  In  the  present 
case  the  band  app>eared  over  an  extended  region,  and  at  a  distinct 
elevation  above  the  Sun's  limb,  where  it  offered  a  very  striking 
appearance.  As  I  was  measuring  the  height  of  the  prominence  by 
means  of  transits  across  the  slit,  I  noted  at  the  same  time  at 
what  height  in  the  prominence, — /.  e.,  at  what  time — the  band 
was  first  visible.  I  naturally  obtained  values  differing  consider- 
ably among  themselves  in  the  seven  transits,  because  the  region 
which  produced  the  continuous  spectrum  was  not  sharpU' 
bounded  at  its  upper  surface,  and  therefore  the  band  only  gradu- 
ally appeared  and  disappeared.  From  the  seven  transits  I  found 
25".5  ±  3".6  as  the  height  of  that  part  of  the  prominence  which 
radiated  white  light. 

We  are  hence  justified  in  drawing  the  very  remarkable  con- 
clusion, that  in  the  midst  of  this  prominence  there  was  a  dust- 
like  (staubartige)  mass,  composed  of  solid  or  liquid  particles, 
with  a  breadth  of  between  two  and  three  thousand  miles,  and  a 
height  of  2,400  geographical  miles,  which  gave  this  faint  continu- 
ous spectrum. 

It  might  also  be  assumed  that  the  gases  in  the  center  were  so 
condensed  as  to  give  a  continuous  spectrum.  The  C  line  was,  in 
fact,remarkably  widened,  and  had  a  dark  line  running  through  the 
center,  i.  e.,  a  reversal.    This  reversal  was  very  distinctly  seen  in 


It  niny  be  mmtioned  here  that  the  con- 

*  .  isihlc  in  all  ihecolcM      *  "    ut  the 

/   r,  until  11*.    TIh    ,  on  re- 

i-onsidered  by  M.  Tacchini  to  be  dti9t4tke, 

'-tve  only  In-en  obj«rrven  Ukt 

.  p.  41),    It  waji  not  o  to 

-  form  which  itppeared  1^^  tiniesf  an  bright  as 

•1  coron  lit  not 

f  the  »i  But 

r  this  purpose  b^*^  the  ansistant  on  the  projccxcd 

and  ftl«o  with  the  het*  ,  gave  ;t  'i*e 

if  a  himinous   form  l*"  ^ccn  at  :i's 

ncnon,  ,     1  '  *        '  tCTg  was  ccr- 

taii'>    -  uianty,   \s  ^'       mc     _  argc  complete 

protnusenccii  in  aJi  of  the  mctaUic  lines  given  in  the  following  list, 
exactly  in  the  pcmtion  of  the  brilliant  lower  half  of  the  promi- 
nence. 

In  most  of  these  lines  the  prominence  was  so  bright  and  sltarp, 
that  !  '  '   measure  it  through  a      '  '  *  '     *'     with  the 

filar  n  cr.    The  form  was  the  *,  and  the 

details  and  structure  were  shown  in  the  brighter  ones.  The 
height  was  also  the  i  all  these  metallic  lin»  '     '       as 

easily  dctertnined  by  ng  the  image  of  the  n  to 

move  across  the  slit,  and  obsernng  the  simultaneous  disappear* 
ance  of  the  top  of  the  prominence  in  all  the  lines  in  the  nam^  field 
of  ^lew* 

The  {iromincnce  soon  commenced  to  break  up.  When  1  com- 
pletcd  the  transits  at  9''  39*  the  height  in  the  C  line  had 
decreased  to  95".  whi!^  the  fimt  traniiit,  about  2"*  before,  gave 
106".    Tlr  the   line 

6677;  the  r.nlv  Vt'\ 

The  height  ot  i he  region  ed  as  givinji  the  ^  us 

spectrum,  was,  however  increajai^i  '  fltirJinr  ..vis- 

its; but»  on  account  of  t  f  outlin  ,  this 

mrr- ■'s  too  uncertaiii  t^  i*-^  tx-^-.d  on.    Al  ./     •■     i  unasured 

til  of  the  prominence  in  the  red  line  7055  wHth  the  micro* 

'     lit.    The  form  and  structure 
.c,  eve'ii  h**tfer  thnn  in  GG77, 

lines, 

thnt^ 

.   die  !  ice  was  vt  ^^  and 

lower  Li-:-  ,-.  Dj,     Its^i»Hi  _       ,  promi- 

at  no  time  visible  in  li  5.    This  Hnc 


■f-T^cd  at  its  b*3 


to  be  onlv  a 
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PLATE  XVIII. 


216°  26'        219"^  20'     222^32' 
In  C  line.     Feb.  1 7,  9^  20"'.    h  =z  1 24" 


In/ 6677.    9M-t'".     h  -=  39".4.. 


In  Coronri  line  (1474).     10''  20'".     h  =  H3.":i 


Plate  acconrjpanying  Herr  Fenyi's  Paper    on  the  Great    Spot-Group 
of  February.  1892. 
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filar  micrometer  to  be  33'';  the  very  bright  form  showed  two  in- 
tense contiguous  branches,  inclined  a  little  toward  the  pole,  wh'!ch 
<:orresponded  exactly  with  two  bright  bands  of  the  continu- 
ous spectrum  running  through  them.  This  was  also  the  case  in 
all  of  the  following  lines. 

At  10**  38™,  the  height  of  the  prominence  was  once  more  meas- 
ured in  the  4923.1  hne;  I  obtained  39".7  as  the  result  of  three 
<:losely  agreeing  transits. 

The  foUowing  table  gives  the  times  in  Kalocsa  Mean  Time. 
The  wave-lengths  will  merely  serve  for  identification  in  Ang- 
strom's map,  from  which  they,  as  well  as  the  corresponding 
metals,  have  been  taken.  Under  the  remarks,  the  measured 
heights  of  the  prominence  are  given  in  seconds;  "M''  signifies  a 
micrometer  measure,  and  "D"  a  measure  by  means  of  transits 
across  the  slit. 


Time. 

Line. 

Remarks. 

9J»30» 

C 

124'';  M. 

^  37-39-      C 

106''— 95'';  D. 

9J»  37-39"  6677 

62"-44";  D. 

91.451 

70.. 

39";  M;  very  distinct. 

V 

35";  very  distinct. 

10^  22- 

46";  M. 

Corona 

33";  M. 

5327  Fe 

Line  not  seen  with  narrow  slit.  Prominence  faintly  visi- 
ble with  open  slit. 

5323.4  Fc 

• 

5275 

5269.5 

Ca. 

5234.5 

Co. 

5226.0 

Fe. 

5207.71 

5205.2 

Cr;  all  3  very  bright;  5201.8  not  reversed. 

5203.6 

5197 

5188.2 

b|.b^b„b 

Line  itself  not  seen.    Prominence  only ;  exceedingly  bright. 

«  Ti ;  in  this  line  the  prominence  is  about  3  times  as  bright 

as  in  the  next. 

5019.3 

Ni. 

5016.6 

Fe? 

4945.5 

Fc.? 

10^  38» 

4923.1 

Tc;  40":  D;  about  3  times  as  bright  in  this  line  as  in  the 
next. 

4921 

No  additional  lines  were  seen  in  the  region  between  7055  and  F. 

In  regard  to  the  relation  between  this  eruption  and  the  great 
spot-group,  the  determinations  of  position  show  that,  if  we 
leave  out  of  account  the  difference  in  longitude,  the  eruption  took 
place  at  the  edge  of  the  southern  spot  nucleus,  but  entirely  out- 
side of  it.  Measures  of  the  heliographic  latitude  showed  the 
eruption  to  be  between  —31°  44'  and  —34°  38',  while  the  helio- 
graphic latitude  of  the  southern  nucleus  was  calculated  to  be 
—  29°.5onFeb.  15. 

According  to  the  observations  the  center  of  the  eruption  seems 
to  have  been  somewhat  beyond  the  Sun's  limb,  that  is,  somewhat 
nearer  to  the  pr^eding  spot,  the  heliographic  latitude  of  which 
was  found  to  be  —  28°.4, 

Kalocsa,  Hungary,  March  29, 1892. 
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All  articles  and  correspondence  relating  to  spectroscopy  and  other  subjects 
properly  included  in  Astro-Pysics,  should  be  addressed  to  George  E.  Hale,  Ken- 
wood Astro-Ph,vsical  Observatory,  Chicago,  IL  S-  A.  Authors  of  papers  areic- 
quested  to  refer  to  page  448  for  information  in  regard  to  illustrations,  reprint 
copies,  etc. 

The  New  Star  in  Auriga,— As  will  be  seen  from  Professor  Pickering*s  article  on 
another  page,  the  Xova  has  decreased  so  greatly  in  brilliancy  as  to  place  it  \x- 
yond  the  range  of  spectroscopic  observation.  But  the  discovery  ot  the  new  star 
was  sufficiently  early  to  allow  a  large  number  of  photographs  to  be  secured,  and 
these  are  now  in  process  of  reduction.  Of  the  interesting  and  important  changes 
in  the  spectrum  which  we  noted  in  the  April  number,  we  have,  as  yet*  learned 
nothing  further. 

In  addition  to  the  visual  observations  of  the  Novaks  spectrum  made  at  the 
Lick  Observatory*,  Professor  Carapl>ell  secured  some  photographs  of  the  spec- 
trum with  the  36-inch,  and  these  will  shortly  be  ready  for  publication.  At  He- 
r^ny.  Hungary,  Herr  Eugcn  von  Gothard  obtained  a  photograph  extending  far 
into  the  ultra  violet»  and  containing  **an  astonishingly''  large  number  of  bright 
and  dark  lines,"  Among  these  *'all  the  hydrogen  lines  of  the  white  stars  in  Vo- 
gel's  type  la  are  risible  as  bright  lines/'  { A.  N,  3078).  An  account  of  Professor 
Vogel's  determination  of  the  Nova's  motion  in  the  line  of  sight  is  gi^'vn  on 
another  page. 

In  the  Monthly  Notices  for  March,  Mr.  Maunder  has  a  Note  on  the  spectrum 
of  Nova  Auriga;,  as  it  was  shown  in  a  photograph  made  at  Greenwich.  As  the 
12^4-inch  refractor  had  been  dismounted  to  give  place  to  th^,*  new  28-inch  (not 
yet  completed),  it  was  found  necessary  to  attach  an  object  glass  prism  to  the  9- 
tnch  photographic  telescope.  This  instrument  is  carried  by  the  heavy  Lassell 
telescope,  whtcn  shows  considerable  flexure  when  off  the  meridian,  causing  a  drift 
in  decimation.  In  spite  of  his  many  difficulties,  Mr.  Maunder  succeeded  in  ob- 
taining a  negative  with  an  exposure  of  70  minutes,  on  which  were  the  following 
lines:  bright  lines— 4-919,  4860  (F),  4629,  4580,  4547,  4510,  4472,  4340  (Gj, 
4229,  4174,4101  (h),  3968  (H),  3933  (K),  3887.5  {a),  d834  ifi);  dark  lines— 
4316.  4212»  4155,  4085,  3953,  3913. 

Mr.  Christie  gives  in  the  same  number  of  the  Monthly  Notices  a  list  of  photo* 
graphic  determinations  of  the  Nova's  magnitude  made  at  Greenwich,  and  notes  a 
maximum  on  Feb.  3,  and  a  secondary  maximum  about  Feb.  18.  Professor 
Pritchard  communicates  observations  made  photographically*  and  also  with  the 
wedge  photometer  at  the  Oxford  University  Observatory,  which  indicate  a  slight 
secondary  maximum  on  Feb.  22.  Professor  Pritchard 's  absolute  values  differ 
very  widely  from  those  of  the  Astronomer  Royal. 

Mr.  Isaac  Roberts  obtained  a  number  of  photographs  of  the  region  about 
the  Nova,  and  presents  in  the  Monthly  Notices  measures  of  the  diameters  of  the 
images  compared  with  similar  measures  of  26  Auriga*  and  DM.  No.  899.  *'It 
will  be  observed,  on  examination  of  the  tabic  of  the  measured  diameters  of  the 
Nova  and  the  comparison  stars,  that  no  decided  change  in  the  brightness  of  the 
Nova  has  taken  place  during  the  interval  between  February  5  and  25.  if  we 
adopt  the  photo-images  with  20  minutes  exposure  on  the  25th  as  the  standard; 
but  if  we  adopt  the  image  formed  with  5  minutes  exposure,  there  would  be 
shown  a  fading  of  the  light  of  the  Nova  between  Pcbniarj  18  and  25/' 


The  SelatioD  between  Sun-Spots  and  Auroral  .--In  the  accompan.ring  table 
the  numbers  of  stations  reporting  auroras  each  day  in  the  Monthly  Weather 
Review  arc  first  arranged  in  periods  of  twenty -seven  days  six  hours  and  forty 
minutes,  the  six  hours  or  one  quarter  day  being  provided  for  by  adding  a  day  to 
each  fourth  period,  and  the  forty  minutes  or  one  thirty-sixth  day  by  adding  a 
day  to  each  thirty-sixth  period,  and  then  there  is  placecl  beneath  the*  table  thus 
constructed  a  section  showing  the  attendant  solar  conditions  as  follows:  The 
surface  of  the  sun  is  considered  to  have  been  divided  meridionally  into  as  many 
lones  or  sectors  as  there  arc  days  in  each  of  the  above  periods.  The  amount  of 
disturbance  upon  each  of  these  sectors  is  obtained  by  entering  in  separate  col* 
nmns  the  sizes  of  all  sunspots  at  all  observations  throughout  the  year  as  given 
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in  the  Greenwich  records.  From  these  records  also  is  obtained  the  location  of 
each  sector  of  the  sun  upon  correspond  itig  days  of  successive  periods*  thus  deter- 
jniniug  where  the  columns  indicating  the  amount  of  disturbaiice  arc  to  be  placed. 
Thus  upon  the  first  day  of  each  of  these  jieriods  the  same  sector  of  the  sun  reached 
a  certain  location  upon  the  visible  surface,  which  location  was  in  tuni  occupied 
upon  the  next  da^'  by  the  sector  following  and  so  on*  The  columns  showing  the 
amount  of  disturbance  being  entered  accordingly  it  becomes  apparent  at  a  Rlanoc 
that  the  areas  most  persistently  and  actively  disturbed  were  ot  the  eastern  limb 
appearing  by  rotation  upon  the  aeries  of  dates  characterized  by  recurrences  of 
the  aurora.  i.  a.  yeeder- 


The  Relation  between  Sun-Spots  and  Auroraa.—The  following  letter  was  re- 
ceived from  Dr»  M.  A*  Vceder  in  reference  to  his  preceding  note: 

Dear  Sir: — As  bearing  upon  the  question  as  to  the  location  of  the  disturbed 
portions  of  the  sun  concerned  in  the  production  of  the  aurora  1  enclose  a  specimen 
extract  from  one  of  the  tables  1  have  constructed.  The  year  1879  being  at  a 
time  of  minimum  sun-spots  and  auroras  does  not  bring  the  relation  out  so 
strongly  as  appears  in  some  other  years.  I  have  selected  it  simply  for  conven- 
ience occause  tne  table  is  short  on  account  of  the  paucity  of  disturbance.  The 
year  following  (1880)  gives  a  similar  table  several  feet  in  length  and  is  conse* 
quently  somewhat  cumbersome.  The  year  1879  answers  verTi'  well  however  as  a 
specimen  of  the  method  when  the  conditions  were  not  very  strongly  defined  per- 
haps but  were  nevertheless  distinct.  Yours  truly.         M.  A.  VEEDER. 

Aprils,  1892. 

Magnetic  Distyrbances  and  the  Great  SiiD-Spot.~We  are  indebted  to  the  Rct. 
Walter  Sidgrcaves  for  enlarged  copies  of  the  Stonyhurst  horizontal  force  records 
secured  on  Feb,  11 -IG  and  March  11-14-,  1892.  The  curves  are  most  interesting, 
and  we  only  regret  that  they  cannot  be  reproduced  in  these  pages.  So  great  was 
the  deflection  in  several  cases,  that  the  spot  of  light  left  the  held,  and  the  extreme 
maxima  are  thus  unrecorded.  Accompanying  the  curves  was  the  following  let- 
ter: 

Stokyhcrst  OBSE&VATORYt  Lancashire,  21  March  1892. 

Dear  Mr.  Hale ;— 1  am  sending  by  same  mail  prints  of  the  magnetic  storms  ac- 
companying the  central  passages  of  the  great  spot  of  February.  Both  storms  are 
found  on  the  second  day  after  the  passages  of  the  C.  G,  of  the  group.  We  have  a 
similar  record  for  the  two  great  spelts  ofApril,  1882,  when  the  magnetic  disturb 
ances  occurred  with  the  first,  one  day  after,  and  with  the  second,  two  days  after 
the  meridional  passage:  but  there  was  no  repetition  of  magnetic  disturbance  at 
the  returns  of  these  spots. 

They  are  to  some  extent  confirmations  of  Andr<?'s  law  from  the  observations 
at  Lyons,  for  the  forces  of  activity  may  not  correspond  with  the  C.  G.  of  the 
group. 

I  think  you  have  the  best  means  of  determining  the  centre  of  greatest  ac- 
tivity in  a  group  of  spots,  and  my  present  remarks  are  mainly  intended  to  sug- 
gest a  line  of  operations  for  you. 

We  have  a  good  record  of  spots  and  magnetic  curves;  and  I  hope  to  find 
the  time  to  test  Andre's  law  by  our  comparisons.  If  1  find  the  time  you  shall 
have  the  results.  Vours  very  truly, 

.  WALTBa  SIDGKBAVES. 

A  Study  of  the  Kenwood  Observatory  photographs  of  faculae  will  shortly  he 
made  as  Father  Sidgreaves  suggests. 

At  present  we  can  only  state  that  the  area  of  the  facutous  region  about  the 
spot-group  was  greater  at  the  March  central  passage  than  at  the  February'  cen- 
tral passage,  although  the  most  marked  magnetic  disturbances  were  those  of 
February.  In  March,  however,  there  was  less  condensation  of  facula;  in  the  near 
vicinity  of  the  spots. 

On  account  of  its  interest  in  this  connection,  wc  may  be  permitted  to  add  a 
portion  of  a  recent  letter  from  M.  Tacchini* 

Collegio  Romano,  Roma,  17  Mars,  1892. 

Mon  cbcr  et  Honor^  Coll^^agne:  J'ai  apprisavccle  plus  vif  int^t  que  vous 

avez  r^ussi  a  bien  photographier  Ic  bord  solaire  d'un  seul  coup.    J'ai  recu  aussi 

les  deux  belles  photographies  de  I'  fippareil,  qui  vous  sert  pour  les  Etudes  photo- 

.^aphiques  sur   le   disquc    solaire,    Vos   observations  scroui  ti^importanlcs 
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sartout  lorsciu*il  s'agit  des  grandes  laches  ou  des  g^oupes  des  facules,  qui,  i  la 
mani^re  ordinaire,  nous  voyons  seulement  pr^s  du  hord  du  Soleil.  Commej^ai 
not^  dans  le  dernier  num^ro  des  Afemor/e,  j'ai  montr^  autrefois,  cju'avec  plus  dc 
probability,  ce  sont  les  phdnom^nes  chromosph^riques  et  ceux  qui  se  proauisent 
dans  PatraospWre  du  Soleil,  qui  correspondent  aux  phdnom^nes  magn^tiques 
terrestres;  de  mani^re  que,  si  une  tache  passe  sur  le  disque  dans  un  dtat  de  calme, 
nous  n*aurons  pas  des  aurores  ni  des  perturbations  magndtiques  correspon- 
dantes;  au  contraire,  si  un  jour  sur  la  tache  ou  sur  les  facules  auront  lieu  des 
pb^nom^nes  extraordinaires,  que  nous  ne  pouvons  pas  constater  avec  les  moyens 
employ^  jusqu'd,  present,  on  aura  encore  sur  la  terre  et  sur  les  autres  plau^tesdes 
perturbations.  Or  c'est  avec  vos  observations  qu*on  pourra  verifier  si  un  groupe 
de  taches  on  de  facules  en  traversant  le  disque,  se  maintient  calme  toujours,  ou  si 
dans  un  temps  donn^  se  sont  manifestos  des  phdnomenes  extraordinaires. 

Votre  devout,  p.  tacchini. 


Stars  of  the  First  and  Second  Types  of  Spedtum. 
To  the  Editor  of  Astronomy  and  Astro-Pbysics : 

In  your  number  for  February  Mr.  Maunder  discusses  the  binary  stars  with  the 
first  and  second  types  of  spectra.  I  believe  Professor  Pickering  gives  a  somewhat 
wider  extension  to  the  second  type  than  most  spectroscopists,  but  I  find  on  com- 
paring Mr.  Maunder *s  list  with  the  Draf>er  Catalogue  that  seven  of  the  twenty- 
one  binary  stars  which  he  treats  as  Sinan  are  referred  to  the  second  (or  solar) 
type  in  that  catalogue.  These  are  C  Cancri  (spectrum  F),  go  Leonis  (spectrum  E), 
y  Vii^tnis  (spectrum  F),  ^Coronae  Borealis  (spectrum  F),  4  Scorpii  (spectrum  F), 
/I  Draconis  (spectrum  F)  and  fi  Delphini  (spectrum  F).  This  would  leave  onlv  14 
Sirian  binaries  against  37  solars,  or  rather  36,  for  according  to  the  Draper  Cata- 
logae  the  spectrum  of  36  Andromeda  is  of  the  third  type.  Some  of  those  classed 
by  Mr.  Maander  as  Sirian  are  not  in  the  Draper  Catalogue,  and  possibly  with  fur- 
ther examination  would  give  the  predominating  spectrum  F.  The  spectrum  as- 
signed to  ^'  Bootis  is  probably  that  of  the  brighter  star  fi.  About  one-half 
the  binaries  which  are  found  in  the  Draper  Catalogue  ^ve  the  spectrum  F. 

This  correction  would  reduce  the  density  of  the  Sinan  binaries  from  0.02 1 1  to 
0.0153  or,  if  we  omit  the  two  doubtful  stars  0.2  4  and  ^'  Bootis,  to  0.0066 ;  a 
figure  which  contrasts  strongly  with  that  of  the  solar  stars  whose  density  would 
be  but  8li|^htly  reduced  by  the  transfer.  The  high  proportion  of  36  to  14  however, 
seems  to  mdicate  that  the  solar  stars  are  really  more  numerous  than  the  Sirian, 
and  that  itisowin^to  the  greater  brilliancy  of  the  latter  (which  renders  them 
visible  at  greater  distances)  that  the  proportion  appears  to  be  about  equal  to  the 
ordinary  observer.    The  entire  subject  is  well  worthy  of  further  investigation. 

Dublin,  Feb.  22.  Truly  yours.       w.  H.  s.  monck. 

Photographic  and  Photometric  Stellar  Magnitudes.— In  his  article  in  the  Af  ontA- 
/y.Yoticcs,  to  which  we  have  referred  in  a  previous  note.  Mr.  Christie  remarks  that 
**  the  Nova  appears  to  be  much  brighter  photographically  than  it  is  to  the  eye, 
judging  from  the  visual  estimations  of  magnitude  which  have  been  published." 
This  is  true  when  the  Greenwich  photographic  values  are  compared  with  various 
visual  determinations,  but  the  Greenwich  results  are  markedly  different  from  any 
others  we  have  seen.  For  instance,  the  magnitude  on  Feb.  13  is  given  by  the  As- 
tronomer Royal  as  4.50.  Professor  Pritchard's  value  for  the  same  date,  also  de- 
termined photographically,  is  5.35,  while  his  measure  with  the  wedge  photometer 
is  5.28 — m  very  good  agreement  with  his  photographic  value.  Mr.  George 
ICnott's  visual  estimation  on  Feb.  13  gave  5.3,  In  general,  Professor  Pritchard 
found  the  star  to  be  slightly  fainter  photoy^raphically  than  visually,  but  in  two 
or  three  cases  this  order  was  reversed,  and  in  no  instance  were  widely  different 
values  obtained  by  this  observer.  In  a  recent  letter  Mr.  \V.  H.  S.  Monck  calls  at- 
tention to  the  sami  subject.  He  remarks  that  the  photographic  magnitudes  in 
the  Draper  Cat  alo'^ue  do  not  at  all  correspmd  with  the  photometric.  For  stars 
brighter  than  3  4  the  photographic  maijnitude  is  less  than  the  photometric;  in- 
deed the  difference  is  so  marked  that  Mr.  Monck  doubts  if  one  photographic  mag- 
nitude is  as  much  as  0.75  photometric  magnitudes.  With  faint  stars  this  is  re- 
versed.   

The  Grating  in  Stellar  Sp^ctram  Photography.— We  learn  from  Professor 
Campbell  that  be  has  succeeded  in  obtaining  good  photographs  of  stellar  spectra 
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with  a  grating.  The  sjicctrn scope,  which  has  already  been  described  in  AsTkox- 
OMY  AND  Astro-Fhvs!CS,  was  attached  to  the  36-inch  refractor  of  the  Licl<  Ob- 
scTvatory,  and  several  negatives  were  secured  of  first  and  second  magnitude  star*, 
with  iron  comparisons,  in  the  second  order,  exposures  20  and  30  minutes.  With 
a  larger  grating  the  fourth  order  spectrum  of  Sirius  was  over-exposed  in  30  min- 
utes. 

From  these  successful  experiments  it  is  evident  that  the  great  aperture  of  the 
^6-inch  win  allow  the  determination  of  the  motion  in  the  line  ol  sight  of  stars 
too  faint  to  be  investigated  elsewhere,  Professor  Vogel  tried  a  grating  in  his 
earlier  work,  but  the  small  aperture  of  his  tclesco(>c  caused  him  to  reject  it  for 
prisms.  Professor  Young  secured  a  photograph  of  the  si>ectrtim  of  Vega  with  a 
grating  attached  to  the  23-inch  Princeton  refractor,  but  it  was  too  faint  for 
measurement.  We  therefore  believe  that  Professor  Campbell's  photographs  of 
stellar  spectra  arc  the  first  reallj  successful  ones  obtained  with  a  grating. 


Prominence  Observations  with  Small  Telescopes. — We  print  on  another  page 
a  paper  by  Mr.  J.  Everslied,  Jr.,  which  sufficiently  demonstrates  that  snccc?is  ia 
8otar  spectroscopy  is  bv  no  means  wholly  def>cnclcnt  on  nperturc.  Mr.  Bver- 
I  shed's  outfit  consists  of  a  2*^  inch  cfpiatorial,  and  a  home-made  s pec t rose u|ie  of 
6  prisms.  As  we  have  before  had  occasion  to  note,  Mr.  Evcrshed  hns  been  mak- 
ing some  experiments  in  solar  prominence  photograph}*,  and  he  has  recciitly 
obtained  a  photograph  of  reversals  in  the  C  hne  with  an'exposure  of  2(f  sccnnds 
on  an  isochromatic  phvte. 


Comparative  Photographic  Spectra  of  the  High  Sun  and  the  Low  Sun«  by  Hr^  F. 
McClean, — In  addition  to  tht-  series  r»r  phutographs  of  solar  ;ui*l  mt  t.-dlic  sj^cclrtt 
mentioned  in  our  last  number.  Mr.  McClcan  has  now  sent  us  a  second  Ix'autiftil 
set  of  five  plates,  in  which  the  cflTect  of  atmospheric  absorption  nn  sun  light  la 
brought  out  in  the  most  striking  manner  The  region  included  is  fnim  H  to  .\, 
and  the  map  of  terrestrial  lines  is  thus  most  complete.  For  a  short  description 
of  the  apparatus  used  by  Mr.  McClcan  in  his  investigations,  wc  n)nv  refer  ^^  • 
note  in  the  last  number  of  Astronomy  and  Astro- Physsics. 
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Mercnr>'  will  bo  nt  superior  conjunction  with  the  Sun  June  2f^  su  that 
during  this  month  he  will  be  observable  only  during  the  day  in  fiiH  Sunlight, 
Mercury  and  Neptune  will  l>c  in  conjunction  June  10  at  11  I*.  M.  central  time,  and 
Mercury  and  Venus  July  1  ar  2  a.  m. 

Venus^  the  very  bright  planet  which  wc  see  to*\*ard  the  west  every  evening, 
will  be  at  her  greatest  brilliancy  June  2,  f\ni\  will  after  that  tmic  decrease  rapidly. 
The  illuminated  portion  of  her  disk  decreaseja  frnm  0  25c  Jioie  4  lo  0.030  Jnne  30, 
the  apparent  diameter  increasing  in  the  same  time  frnm  39"  to  57"  Venus  will 
be  in  conjunction  with  the  Moon  June  25  at  T*^  05"'  Central  time. 

Mr.  Roger  Sprague,  of  Berkclev.  Cab,  seniJs  a  skeieli  ftl  Venus  as  seen  through 
his  2  inch  "spy-glass"  (power  <H)  on  the  night  of  April  15.  1892,  It  shows  a 
semi  circular  dark  shading  enclosing  the  white  center  of  the  phi  net  and  looks  *its* 
piciously  like  an  interi'erenee  effect.  Mr.  Spra^ne  nisri  sliitt^  thiit  hesaw  Vcnu«». 
when  «Ki  the  meridian*  with  the  naked  eye  several  times  during  the  latter  half 
of  March,  The  planet  is  easily  seen  at  any  lime  during  the  afternoon  il  one 
knows  just  where  to  Ineik. 

Mats  during*  Jiine  will  be  in  the  constellation  Capricorn,  being  the  most  bril- 
liant ohjcct  in  that  part  of  the  heavens.  He  is  approaching  the  earth  so  that 
his  a]»parent  dtntneter  will  inerease  from  16^'  June  I  t<i  22'*  July  1.  The  sum 
iner  months  of  this  year  will  he  very  favorable  U%r  thcstiuly  of  Mnrs'  surface  mark* 
I  jngs,  especially  for  observers  in  the  southern  hemisphere  of  the  enrth.  We  pre- 
sent this  month  a  chart  of  Mars'  path  atnong  the  suirs  during  the  remaintler  of 
this  year.  From  June  to  Octoljcr  he  will  describe  an  a]»i3arent  loop  in  Capri' 
corn  us,  and  after  that  will  advance  to  ward  the  northeast  through  Aquarius  and 
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Path  of  Mars  in  the  Skjr  during  1892. 

Japiter  is  coming  out  of  the  morning  twilight  so  that  he  may  be  seen  fairly 
well  for  a  coaple  of  hours  in  the  earl^'  morning.  His  declination  is  increasing  so 
that  in  the  coming  months  he  may  be  observed  under  much  more  favorable  condi- 
tions than  during  last  year.  He  is  to  be  found  in  the  constellation  Pisces,  which, 
in  Jade  at  3*»  a.  m..  is  a  little  south  of  east  and  about  one  third  of  the  waj'  from 
horizon  to  zenith.  Jupiter  will  be  in  conjunction  with  the  Moon,  1°  09'  north, 
Jnnc  19  at  5»»  40"  x.  m..  Central  time. 

Satarn  will  be  at  quadrature,  90°  east  from  the  Sun,  June  13,  crossing  the 
meridian  then  at  about  six  o'clock  p.  m.  He  will  be  in  conjunction  with  the 
Moon.  2°  05'  south,  June  2  a  few  minutes  after  midnight,  and  again  on  June  30 
at  10^  19"  A.  11.  During  June  Saturn  may  be  well  observed  from  8*»  to  10*»  P.  m., 
being  then  toward  the  southwest,  about  one-third  of  the  wa3'  from  horizon  to 
zenith. 

The  rings  now  appear  exceedingly  narrow  but  will  begin  to  open  up  some- 
what after  Jun*».  The  belts  on  the  disk  of  the  planet  are  seen  now  at  their  best. 
With  the  16-inch  telescope  we  usually  see  four  dark  belts  besides  the  black  shadow 
of  the  rin^s  which  falls  just  a  little  to  the  south  of  where  the  ring  crosses  the 
planet's  disk.  The  two  belts  in  the  southern  hemisphere  are  much  more  distinct 
than  those  in  the  northern  hemisphere.  As  they  are  seen  projected  upon  the 
plane  through  the  planet's  center  and  perpendicular  to  the  line  of  sight  their  dis- 
tances from  the  equator  are  one-third  and  two-thirds  of  the  planet's  radius  re- 
«pectively.  On  the  two  hemispheres  the  belts  are  symmetricalU'  situated.  We 
have  not  yet  been  able  to  see  any  markings  which  would  enable  us  to  determine 
the  planet's  rotation  period. 

Uranus  will  be  in  good  position  for  observation  during  June,  as  he  crosses  the 
meridian  about  nine  o'clock.  He  is  moving  slowly  westward  in  Virgo  between 
Spica  and  the  fifth  magnitude  star  X  (See  chart,  Jan.  Xo.  p.  81).  Uranus  will 
be  in  conjunction  with  the  Moon,  53'  south,  June  6  at  •4'^  22'"  a.  m. 

Neptune  is  behind  the  Sun. 

MERCURY. 

Date  R.  A.  Decl.  Rises.  Transits.  Sets. 

1892.  hm  '^'hm  hm  hm 

Jane     3 3  4.7.4  + 18  26  3  26  a.m.  10  49.1a.m.  6  09  p.m. 

15 5   11.6  -h23  19  3  50     •'  11   33.8     ''  7   18    *' 

25 6  47.2  -1-24  40  4  30     **  12   29.8  p.m.  8   21    ** 

VExrs. 

Jane     5 7  42.7        -f  23  29  6  58  a.m.  2  43.5  p.m.        10  29  p.  ii. 

15 7   52.6       4-  21   37  6  39     *^  2   14.2     **  9  50     ** 

25 7  46.8       +  19  48  6  U3     "  1   29.2     '*  8  56     " 
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Mr.  Marth'8  Ephemerides  of  the  Satellites  of  Saturn. 

[From  Monthly  Notices,  Mar.  1892.J. 

In  thia  table  the  times  have  been  chang^ed  from  Greenwich  Mean  Time  to  Central  Stan- 
dard Tim^.  The  abreviationa  Rh.,  Te.,  Di.,  Ba.,  and  Af/..  stand  for  the  names  of  the  satel- 
lites Rhea,  Tethys,  Dione,  Bnceladns.  and  Mimas.  The  letters  a.  b,  c,  d,  and  e,  stand  for 
coi^anctione  of  the  satellites  in  order  as  follows:  With  the  preceding  etid  of  the  outer 
ring',  with  preceding;  end  of  planet's  equatorial  diameter;  with  center  of  planet:  with  fol- 
lowing end  of  planet's  diameter ;  with  following  end  of  ring.  The  letters  n  and  a  signify 
that  the  satellite  at  the  time  of  conjunction  is  north  or  south  of  the  point  designated  by 
the  preceding  letter:  Sb.  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian 
of  the  planet;  Bel.  D.  and  Bel.  R.,  the  disappearance  and  reappearance  of  a  satellite  at  be- 
ginning and  end  of  an  eclipse. 
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[From  Aatr.  Nach, 

,  No.  3073.] 

STARS  NEAR  VENUS. 
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Phases  and  Aspects  of  the  Moon. 


Central  Time. 
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Last  Quarter ** 

Perigee 

New  Moon '* 


d 
2 
5 
10 
17 
21 
24 


h 

3  51 
12  36 
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8  07 


A,  M. 

P.  M. 

A.  M. 

P.  M. 

A.  M. 
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Two  Hew  Asteroids.— These  were  discovered  photographically  by  Wolf  at 
Heidelberg,  March  26  and  28.    Their  positions  were  as  follows : 

Daily  Motion. 
R  A  Decl  R  A        Decl 

No.  328       March  26.4111        12»»13'»59.1'     +I°3r00"     —  48«    +14' 
Xo.  329  28.4460        1122  44  +6  09  —52      +1 

These  will  be  numbered  328  and  329  if  they  receive  subsequent  observation  so 
as  to  have  their  orbits  determined.  They  were  of  the  12tb  and  13th  magnitudes 
respectively. 
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Designation  of  the  Comets  of  this  Year.— We  were  led  into  error  last  month, 
in  designating  the  comets,  by  following  the  Astronomical  Journal.  A  correction 
is  made  in  the  last  number  of  the  Journal.  The  first  comet  announced  during 
the  year  was  a  re-observation  of  comet  1890  II  (Brooks)  which  is  not  yet  beyond 
the  reach  of  the  great  telescopes.  Swift's  comet  should  be  designated  a  1892, 
Winnecke's  periodic  comet  b,  and  Denning's  new  comet  c  1892. 


Search  Ephemeris  for  Comet  Brooks,  i886  IV. 

[From  Astr.  Nach.  3064.  continued  from  page  343.] 
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Orbit  of  Comet  a  1892    (Swift. )    From  my    own  observations  of  March  9, 
20  and  29.  I  have  computed  the  following  elements: 

T  =  1892,  April  6.  80278  G.  m.  t. 
oj=    2+°    4-1'    10" 
v>>  =  24-0      oH        8 
/   =38       4.7      23 
log  q  =  0.01158        (J  =  1.0270 


Harvard  College  Observatory,  April  16,  1892. 


O.  C.  Wendell. 


Swift's  Comet  a  1892  is  moving  northeastward  through  the  constellaton  o 
Pegasus.  On  May  10  it  will  \yc  near  star  /^,  the  upper  star  in  the  square  o» 
Pegasus,  as  one  sees  the  constellation  when  looking  toward  the  east.  The  best 
time  to  see  the  comet  is  between  3''  and  4^  a.  m.  During  April  the  comet  has  been 
f|uite  conspicuous,  easily  visible  to  the  naked  eye. 

Mr.  Barnard  has  sent  us  from  Lick  Observatory  copies  on  glass  of  two  re- 
markable photographs  <»1  tlie  comet  taken  with  a  six-inch  portrait  lens,  on  the 
mornings  of  April  o  and  7  when  the  comet  was  near  perihelion.  These  show  the 
tail  of  the  comet  with  surprising  distinctness,  and  exhibit  a  wonderful  amount  of 
detail  in  its  structure.  The  most  striking  features  are  the  creases,  knots  and 
V>ends  in  the  streams  of  luminous  matter  apparently  flowing  out  from  the  head 
and  forming  the  tail.  Another  curious  feature  shown  is  the  darkening  of  the  sky 
about  the  head  of  the  comet  and  in  some  parts  of  the  tail,  which  darkening  can- 
not be  merely  the  effect  of  contrast,  as  suggested  by  .Xfr.  Barnard  (see  page  386), 
as  the  dark  areas  are  not  symmetrical  with  reference  to  the  bright  ones.    The  ajv 
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parent  darkening  of  the  sky  about  the  head  of  the  comet  was  noticed  visually  at 
Goodsell  Observatory  on  the  morning  of  April  23. 

The  ephemeris  calculated  by  Mr.  Sivashan  and  Miss  Harpham  has  represented 
the  observations  thus  far  so  well  that  we  continue  it  to  the  middle  of  June. 
The  correction  to  the  ephemeris  on  April  23  was  —  12*  and  —  12". 


log  J  log  r  Br. 

0.1456  0.0953  0.54 

0.1565  0.1082  0.49 

0.1668  0.12 13  0.44 

0.1766  0.1345  0.39 

0.1857  0.1477  0.35 

0.1943  0.1608  0.32 

0.2021  0.1738  0.29 

0.2093     0.1867     0.26 

Winnecke's  Comet  is  moving  southwest  between  the  Great  Bear  and  Leo 
Minor.  It  is  growing  rapidly  brighter  according  to  the  following  ephemeris  by 
Dr.  von  Han-dtl,  and  is  now  visible  in  our  five-inch  telescope. 

Ephemeris  of  Winnecke's  Periodic  Comet  189a. 

[From  Aatr.  Nachr.  No.  3083.] 
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log  J         log  r         Br. 

0.0326  9.6220  4.91 

0.0195  9.5974  5.84 

0.0069  9*5^4  7-04 

9-9949  9.5376  8.61 

9.9837  9.50*2  10.72 

9.9736  9.4596  1360 

9.9649  9.4123  17.60 

9.9578  9.3588  23.27 

9.9524  9.2992  31.39 

9.9490  9.a35o  42.86 

9.9477        9>7io      57.89 

Denniiig's  Comet  c  1892  is  about  five  degrees  north  of  a  Persei  and  moving 
slowly  southeast.  It  is  extremely  faint  and  will  probably  not  be  visible  in  very 
small  telescopes.  The  following  elements  are  by  R.  Schorr,  of  Berlin  (Astr.  Nacb, 
No.  3082).  The  ephemeris  has  been  extended  from  May  23  to  Tune  15,  bv  Miss 
Harpham.  There  seems  to  be  a  difference  of  about  18*  and  10'  between  the  two 
computers  resulting  probably  from  some  error  in  the  published  elements: 

T  =  1892,  Mav  6.13922  Berlin  M.  T. 

oa  =  126<»  39'  17.7"! 

Q  =  252    55  13.8    }  1892.0 

/  =    89   49  4.5.1    I 
log  q  =  0.298920        q  =  1.9903. 

Ephemeris  of  Comet  c  1892    (Denning). 
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Seport  from  Temple  Observatory,  Rugby,  i8gi.    The  Curator,  Geo.    M.  Sea- 
^broke,  rr ports  for  the  year  IS91,  that  Temple  On&ervatury*  at  Rugliy,  h^s  been 
*"  m  (or  ifidtruction  on  76  nis»hts.     As  time  has  given  opfMirttittity,  Mr,  Highton 
Icontitiued  the  measurements  of  the  double  stars,  and  Mr.  Seabroke  has  given 
'attention  to  the  motion  oi  stars  in  the  line  of  sight.   Instruction  will  also  be  given 
soon  in  ]>hotography  as  applied  to  Astronomy.    For  this  purpose  a  15-ineh  mir- 
ror, with  focal  length  of  48  inches,  has  been  mounted  on  the  tube  of  the  equa- 
toriaK  

HmrvArd  College  Observatory,  Areqtti|>a»  South  America.  Our  frontispiece  and 
articles  in  this  issue  by  Professor  W.  H.  Pickering  concerning  the  Harvard 
College  Observatory  station  nt  Arequipa,  South  America,  make  a  theme  of  de- 
UghtSil  interest.    From  a  later  private  letter  received  during  the  last   days   of 

tl.  Professor  Pickering  says  *'  I  have  recently  received  the  February  number  of 
oxoMV  A.?n>  A^TRO-PnYStcs  and  find  it  very  interesting    reading In 

last  paper,  page  12,  line  5,  (in  this  nnmber  page  361  line  40)  'Its  spectrum  it 
probably  gaseous,*  referring  to  30  Doradus.  This  conclusion  was  arrived  at 
from  its  shape  and  general  appearance  in  the  telescojie.  Since  then  1  have  been 
able  to  examine  it  through  the  prism,  and  find  that  its  spectrum  shows  a  strong 
green  line.  This  would  theixfore  seem  to  settle  the  matter  and  the  word 
'probably'  in  the  above  quotation  should  be  left  out. 

PartUl  Eclipse  of  the  Moon,  May  ii.— This  will  be  almost  a  total  eclipse, 
.U53ofthe  Moon's  diameter  being  immersed  in  the  Earth*s  shadow.  It  will  not 
be  visible  in  the  United  States,  except  in  the  extreme  eastern  portion,  where  only 
the  end  of  the  eclipse  will  be  seen  It  will  be  visible  generally  in  the  western  por- 
tions of  Asia,  in  Eumiie,  Africa,  and  the  Atlantic  Ocean. 

The  New  Jena  Glass,  Professor  Young  in  his  article  on  the  oew  spectroaeope 
of  Halsted  Observatorv  makes  a  statement  in  regard  to  the  Jena  glass  which  is 
liable  to  misconstruction.  He  has  reference,  of  course^  to  one  kind  of  glass,  ^ 
borate  flint,  and  a  potash  crown.  These  two  glasses  in  combination  give,  as 
Ptofeaaor  Yoong  says,  practically  perfect  color-correction,  but  must  be  protected 
in  tise  to  prevent  tarnishing. 

We  have  received  three  letters  this  week  from  parties  interested  in  Jena  glass, 
all  fearful  that  Professor  Voung*8  remarks  included  Jena  glass  in  general.  In 
jnstice  to  Messrs.  Schott  and  Gen,  I  should  like  to  say  that  only  a  rew  of  their 
glasses  are  perishable.  Professor  Young*a  objectives  are  of  Jena  glass  but  not 
the  kind  that  rusts.  JNO.  a.  brashear. 

Time  of  the  Sun's  Passing  the  Vernal  Squiaox.— A  correspondent  asks  why 
the  Sun  passes  the  Vernal  Equinox  one  day  earlier  this  year  than  last.  As  the 
length  of  the  solar  year  is  approximately  365Vi  days  while  the  common  year  con* 
tains  only  3S5  days,  the  Sun  passes  the  Vernal  equinox  one  quarter  of  a  day 
later  each  year.  But  as  we  put  into  onr  year  one  extra  day  every  fourth  year, 
this  throws  back  the  spring  equinox  one  day  every  fourth  year,  thus  keeping  it  at 
nearly  the  same  date  for  centuries.  This  year  and  next  the  passage  of  the  vernal 
equinox  will  take  place  on  March  19.  astronomical  time,  or  in  the  forenoon  of 
March  20  civil  time.  The  next  year  it  will  occur  in  the  afternoon  of  March  20 
dvil  time.  In  1895  it  will  come  on  March  20  astronomical  time,  but  on  the 
morning  of  the  21st  civil  time.  In  1896  another  leap  year  will  occur  and  the  date 
will  be  set  back  one  day. 

Lick  Ot»aerf atory  Lunar  Photographs.— Referring  to  a  note  on  the  Lick  Obser- 
vatory negatives  of  the  Moon  in  your  April  number^  page  348»  I  wish  to  quote 
Professor  Weinek's  words  tn  his  letter  to  me  dated  Aprd  9, 1891|  as  follows: 

**  Icb  bemerke  noch,  dass  M&dler  und  Keison  den  vom  Krater  A  nordwestlich 
li^endcn  kleinen  Krater  unrichtig  an  den  Aussenwall  von  Tbebit  verlagt  ha  ben. 
Es  liegt  gemiss  der  Photographic  am  Innenwalle«  etc*  etc." 

This  sentence  was  correctly  translated  and  sent  to  the  printer,  who  made  the 
error  of  putting  **  N.  W,  on  the  crater  Thebtt  A,'*  instead  of  **  N.  W.  of  the  crater 
Thebit  a;*  in  Publ.  A.  Sl  P.  vol.  III,  page  253,  line  +  14. 

This  printer's  mistake  of  a  single  letter  was  not  discovered  until  I  read  the 
note  in  question,    Whate\'er  error  there  may  be,  it  was  not  made  by  Professor 
Wdoek.  which  is  all  that  I  am  deiirous  of  saying  in  this  place.    Be  kind  enough 
,       to  print  my  letter  in  your  journal  and  oblige,  Yours  very  sincerely, 

K         Motmt  Hamilton,  April  11 , 1 892.  edward  &.  soldeh. 
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COLORS  EXHIBITED  BY  THE  PLANET  MARS.* 


WILLIAM  H.  PICKBRINO. 


The  foUowing  preliminary  account  of  an  investigatron  made 
in  Cambridge  at  the  last  opposition  of  Mars,  is  published  at  this 
time,  in  the  hope  that  others  may  take  advantage  of  the  present 
favorable  circumstances,  to  verify  the  results  here  described.  One 
of  the  most  difficult  branches  in  practical  astronomy  is  that  per- 
taining to  the  colors  of  the  heavenly  bodies,  for  no  other  optical 
illusions  can  be  found  to  be  so  complete  as  those  pertaining  to 
color.  The  planet  Mars  is  frequently  spoken  of  as  the  red  planet, 
yet  its  color  is  by  no  means  as  red  as  that  of  an  ordinary  candle 
flame.  To  illustrate  this  fact,  let  the  observer  so  place  himself 
that  the  planet  Mars,  an  electric  light,  and  a  candle  or  gas  flame, 
all  appear  to  him  to  be  of  the  same  brilliancy.  He  will  then  find 
that  while  the  planet  is  redder  than  the  electric  light,  it  is  bluer 
than  the  candle  flame,  and  is,  in  fact,  very  nearly  half  wa3''  be- 
tween the  two  in  color.  If  either  source  of  light  is  made  brighter 
than  the  other,  its  tendency  is  to  appear  whiter. 

During  the  last  opposition,  sixty  paintings  were  made  of  the 
planet,  with  the  12-inch  Harvard  refractor,  and  sixty-six  un- 
colored  drawings.  They  were  all  constructed  upon  a  uniform 
scale  of  f  #^»ffto,  the  planet  being  represented  by  a  disc,  34  mil- 
limeters in  diameter.  Usually  powers  of  200  to  400  were  em- 
ployed. It  was  found  that  in  the -evening,  the  most  prominent 
and  striking  color  of  the  planet  could  be  represented  very  well  by 
carmine.  It  was  also  found  that  it  could  be  equally  well  repre- 
sented by  golden  yellow.  When  painted  in  the  day-time  it  was 
orange,  with  more  or  less  carmine,  depending  on  various  circum- 
stances. If  a  high  power  was  used  it  was  much  redder  than 
with  a  low  power.  All  of  these  changes  may  be  readily  ex- 
plained by  the  elementary  principles  of  Physics,  but  they  illus- 
trate  very  wdl  some  of  the  difficulties  that  were  presented  by  the 
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research.  As  the  planet  is  illuminated  by  sunlight,  it  is  evident 
that  in  order  to  obtain  a  correct  result,  the  pigment  used  to 
represent  it  should  be  illuminated  by  the  same  source.  The 
paintings  should,  therefore,  be  made  in  the  day-time. 

Experiments  were  also  made  in  a  darkened  room,  the  only  light 
transmitted  being  through  a  small  round  hole  bored  in  the  shut- 
ter. Various  pieces  of  colored  stone  were  placed  upon  a  mirror, 
which  reflected  the  light  of  the  sky  into  the  room.  Reflections  of 
these  stones  were  then  viewed  in  two  pieces  of  flat  glass,  sup- 
ported inside  the  room.  By  A^arying  the  angles  of  the  glasses, 
the  intensity  of  the  sunlight  reflected  from  the  stones  could  be 
varied,  so  as  to  render  them  either  brighter  or  fainter  than  the 
planet,  as  seeti  in  the  telescope.  Paintings  of  the  planet,  illumin- 
ated by  the  same  light  as  that  used  in  the  evening,  were  then 
compared  with  the  light  from  the  stones. 

The  other  shutters  of  the  room  were  then  opened,  and  thepaint- 
ings  illuminated  by  daylight.  It  was  found  that  the  same  laws  of 
color  held  good  with  the  stones  that  had  been  previously  found 
applicable  to  the  planet.  The  various  stones  tried  were  a  piece  of 
brown  lava  from  Vesuvius,  a  piece  of  red  basalt,  a  piece  of  browit 
sandstone,  a  piece  of  very  red  gi'anite,  and  two  pieces  of  brick,  one 
an  orange  red,  and  the  other  the  color  of  dragon's  blood.  The 
former  ma3"  be  best  represented  by  dragon's  blood  with  a  little 
Saturn  red  in  it.  The  red  granite,  which  is  half  way  in  color  be- 
tween the  two  pieces  of  brick,  is  well  represented  by  dragon*s 
blood  and  sienna,  half  and  half.  It  was  found  that  this  piece  of 
granite  under  suitable  illumination  could  be  made  to  match  ex- 
actly any  of  the  paintings  of  the  planet.  As  its  color  was  not  far 
from  that  of  an  average  brick,  our  next  experiment  was  to  select 
a  distant  building  made  of  brick  of  the  proper  color,  and  make  a 
painting  of  it  as  seen  in  the  telescope.  This  painting  was  neces- 
sarily made  by  daylight,  and  another  telescope  had  to  be  used, 
as  the  building  was  not  visible  from  the  dome  of  the  12-inch. 
The  building  selected  was  two  and  a  half  miles  distant.  The  tele- 
scope employed  was  a  6-inch  refractor  by  Clacey,  The  result 
was  as  anticipated,  that  when  the  painting  of  the  building  was 
compared  with  some  of  the  daylight  paintings  of  Mars,  the  colors 
were  identical.  In  each  case  the  colors  were  separately  mixed 
at  the  time,  although  the  components  were  the  same,  and  in  each 
case  the  result  exactly  satisfied  the  eye. 

The  reason  that  a  red  planet  or  distant  brick  building  can  be 
matched  by  daylight  w^ith  an  orange  pigment  is  because  of  the 
bluish  white  light  reflected  from  the  atmosphere,  lying  between 
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the  distant  object  and  the  eye,  which  is  mixed  with  the  red  light 
coming  from  the  object,  changing  it  from  red  to  orange.  If  the 
brick  is  examined  close  at  hand,  a  red  pigment  must  be  employed 
to  represent  it.  When  the  planet  is  viewed  at  night,  or  when  a 
piece  of  brick  near  at  hand  is  illuminated  by  sunlight,  but  the 
pigment  is  illuminated  by  a  yellow  artificial  light,  this  light  by 
enforcing  the  red  components  of  the  pigment,  and  absorbing  the 
blue,  makes  the  pigment  really  appear  red,  and  therefore  match 
the  Sun-illumined  object.  The  object,  therefore,  although  painted 
yellow  by  night,  really  appears  to  the  eye  redder  than  when 
painted  orange  by  daylight.  This  fact  was  well  brought  out  by 
an  experiment  made  at  night,  employing  the  magnesium  light  in- 
stead of  the  oil  lamp  as  a  source  of  illumination  for  the  pigment. 
In  that  case  the  color  best  matching  the  planet  was  found  to  be 
dragon's  blood  which,  as  we  have  seen  before,  is  probably  not  far 
from  its  true  color,  which  we  considered  to  be  the  same  as  the  red 
granite,  and  therefore  to  be  represented  by  equal  parts  of  drag- 
on's blood  and  sienna. 

But  red  is  by  no  means  the  only  color  visible  upon  the  planet. 
When  near  the  limb,  the  reds  always  appear  yellowish,  indicating 
probably  an  atmospheric  absorption  of  the  red  portion  of  the 
spectrum,  an  eflFect  quite  at  variance  with  the  action  of  our  own 
atmosphere,  which  tends  to  absorb  the  blue  rays. 

Next  to  the  reds  and  yellows,  the  most  important  colors  are  the 
grays  and  greens.  The  latter  colors  one  would  actually  at  first 
attribute  to  an  optical  illusion,  due  to  contrast  with  the  prevail- 
ing tint.  If  this  were  the  case,  however,  these  portions  of  the 
planet  should  be  painted  blue,  blue  being  the  complementary 
color  of  the  orange  seen  by  daylight.  Blue  pigment  seen  by  lamp 
light  becomes  green,  which  is  the  complementary  of  the  red  seen 
at  night.  Therefore  in  either  case  blue  would  be  the  complement- 
ary color  and  not  green.  Experiments  under  both  of  these  condi- 
tions, however,  made  upon  several  occasions,  conclusively  showed 
that  these  greens  could  not  be  matched  by  blue  pigment  of  any 
tint,  but  were  a  true  and  genuine  green.  Although  rare,  yet  upon 
four  occasions  it  was  noted  that  green  was  the  most  conspicu- 
ous color  visible.  This  was  due  sometimes  to  its  covering  a  large 
area,  and  sometimes  to  its  being  a  more  intense  color  than  the 
red.  This  also  indicated  that  the  green  could  not  be  due  to  con- 
trast. It  was  found  by  experiment  that  the  eflFect  upon  green 
pigment  produced  by  using  an  artificial  illumination  was  very 
much  less  marked  than  upon  red,  the  only  eflfect  being,  that  when 
«o  illttminated,  it  appeared  rather  more  yellow  than  when  seen  by 


daylight.  This  would  imply  that  the  greens  upon  Mars  were  in 
reality  slightU^  more  yellowish  than  the  evening  paintings  would 
indicate. 

When  the  seeing  became  bad  the  greens  and  reds  united  to  give 
a  whitish  tint,  and  the  colors  disappeared.  This  ftirther  indicated 
that  the  greens  were  not  due  to  contrast,  A  piece  of  black  paj^er 
was  introduced  into  the  field  of  view  of  the  telescope,  cutting  off 
the  red,  but  the  green  color  remained  unchanged.  An  examination 
was  made  of  Jupiter,  the  disc  being  a  bright  yellow^  but  no  green 
could  be  detected  upon  it.  The  greens,  especialW  the  light  greens, 
usually  appeared  near  the  poles,  which  were  necessariW  near  the 
edge  of  the  disc,  but  on  these  occasions  a  region  near  the  center 
was  seen  of  a  light  green  color.  The  green  could  not  therefore  be 
attributed  to  the  secondary  spectrum  of  the  glass.  Moreover, 
the  telescope  was  thrown  alternately  slightly  in  and  out  of  focus, 
l^changing  the  color  of  the  outside  fringe  of  light,  but  without 
altering  the  green  hue  upon  the  disc. 

The  green  was  not  due  to  atmospheric  refraction  since  it  was 
seen  near  both  poles,  besides  Avhich  the  color  due  to  this  cause  is 
easily  overbalanced  by  that  due  to  the  lack  of  achromatism  in 
the  eyepiece  when  the  planet  is  placed  near  the  edge  of  the  field. 
The  green  is  not  due  to  an  optical  illusion  caused  b\'  the  bright- 
ness of  the  snow.  It  is  sometimes  seen  between  the  snow  and  the 
red  regions  of  the  planet,  and  is  also  seen  when  the  snow  is  not 
visible.  Indeed  I  think  it  has  been  often  mistaken  for  the  snow, 
as  it  is  a  much  larger  and  more  conspicuous  object.  The  real 
snow  is  much  more  difficult  to  see  than  is  generally  supposed, 
and  is  frequently  not  visible  at  all.  I  have  only  seen  it  occasion- 
ally when  it  was  readily  distinguished  by  its  extreme  brightness 
and  whiteness.  An  excellent  idea  of  its  appearance  is  given  in 
Chambers'  Astronomy,  fourth  edition,  and  I  hare  seldom  seen  it 
of  much  greater  extent.  The  drawing  is  by  Green,  and  like  all  of 
his  work  upon  Mars,  is  most  accurate  and  life-like.  The  gray  olv 
jects  upon  Mars,  w*hen  the  seeing  was  fine,  acquired  a  slightly 
yellowish,  and  in  the  daj^-time  a  brownish  tint,  owing  to  their 
confusion  with  the  suiTOunding  regions,  but  when  the  seeing 
was  good,  they  were  either  a  pure  gray,  or  of  a  slightly  green- 
ish color.  This  does  not  apply  to  all  the  darker  regions,  as 
w^e  shall  see  later.  There  w^as  no  difficult^'  in  obtaining  distant 
green  terrestrial  objects  to  study  through  the  telescope,  and  it 
w^as  found  that  even  upon  very  clear  days,  when  over  two  or 
three  miles  distant,  they  appeared  either  gray  or  greenish  gray. 
This  was  particularly  true  of  the  darker  shades.    In  fact  I  never 
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at  any  titne  saw  any  colors  as  brilliant  as  the  bright  greens  upon 
Mars.  Even  when  a  piece  of  bright  red  paper  was  introduced 
into  the  field  of  the  telescope,  no  appreciable  contrast  eflFect  was 
produced  upon  the  terrestrial  greens.  This  fact,  together  with 
the  other  that  the  greens  on  Mars  were  seldom  seen  by  daylight, 
make  me  think  that  those  seen  upon  the  planet  must  be  due  to 
some  illusion,  whose  origin  had  not  as  yet  been  eliminated,  for 
one  cannot  well  conceive  of  more  vivid  greens  than  those  due  to 
some  of  our  own  vegetation.  I  had  been  observing  a  tree  some' 
two  and  a  half  miles  distant  with  the  telescope  one  very  clear 
evening,  when  I  noticed  that  there  was  an  electric  lamp  just  by 
the  side  of  it.  That  evening  I  pointed  the  telescope  again  on  the 
tree,  and  it  instantly  shone  out  a  most  brilliant  bluish  green, 
fully  equalling  in  intensit3'  anything  I  had  seen  upon  the  planet, 
and  a  trifle  bluer.  This  explained  why  it  was  that  in  the  day-time 
I  had  onlj-  detected  the  greens  upon  Mars  with  difficulty  while 
at  night  they  were  conspicuously  visible, — the  white  light  re- 
flected by  our  own  atmosphere  had  corrected  them  into  grays. 

Numerous  observations  were  made  of  the  colors  of  particular 
regions,  especially  of  those  which  appeared  very  dark  in  tint.  At- 
tempts were  also  made  to  determine  the  color  of  the  canals. 
This  latter  is  an  extremely  difficult  undertaking,  as  the  smaller 
the  area,  the  harder  it  is  to  assign  any  particular  color  to  it. 
The  apparent  area  of  any  very  small  region  always  strongly  af- 
fects one's  judgement  of  its  color,  and  in  comparing  two  colors, 
it  is  most  important  that  their  apparent  areas  should  be  equal. 
Regarding  the  colors  of  these  smaller  regions,  as  it  is  very  desir- 
able that  the  opinions  of  others  be  formed  independently  of  my 
own,  I  will  defer  describing  them  until  another  paper,  merely 
stating  that  there  is  some  evidence  that  certain  regions  do  not 
seem  to  remain  at  all  times  of  the  same  color. 

In  closing,  I  shall  mention  that  these  colors  have  been  seen 
through  three  diffierent  telescopes,  12-inch  and  15-inch  at  Cam- 
bridge, and  more  recently  through  the  13-inch  telescope  at  Are- 
quipa.  The  latter  instrument  brought  them  out  very  finely,  the 
greens  showing  well  even  in  the  daj'-time.  On  April  5,  I  could 
see  the  great  canal  north  of  the  Sinus  Magnus  with  a  power  of 
810  diameters.  It  will  be  noted  that  in  what  precedes  I  have 
carefully  abstained  fi-om  advocating  any  hypothesis  regarding 
the  true  sources  of  any  of  the  colors,  merely  confining  myself 
strictly  to  a  statement  of  the  observed  facts. 

Abequipa,  Peru,  March  7,  1892. 


THE  TOTAL  SOLAR  ECLIPSE  APRIL  15-IC,  I893.» 


H.  S.  PRITCHETT, 


Tlie  total  eclipse  of  the  Sun  which  will  occur  in  April»  1893,  is 
the  last  in  the  present  century  which  is  likely  to  add  to  our 
knowledge  of  solar  physics.  Although  the  duration  of  totality 
is  not  so  great  as  that  which  characterizes  the  two  remarkable 
series  to  which  the  eclipses  1883  and  1886  belonged,  it  is  quite 
large»  amounting  to  4""  46*  at  the  maximum. 

Not  only  is  this  eclipse  valuable  for  its  long  duration,  but  ob- 
serv^ations  of  it  are  particularly  desirable  for  two  reasons. 

In  the  first  place  the  path  of  the  shado\v*cone  on  the  Earth*s 
surface  is  such  that  it  permits  obser^^ations  widely  sej>arate  in 
distance  and  time.  Photographs  of  the  corona  taken  in  Chile 
will  precede  by  some  SVb  hours  those  taken  on  the  west  coast  of 
Africa,  Probably  no  observations  could  be  made  which  are 
more  likely  to  help  in  the  solution  of  pending  problems,  or  will 
afford  more  trustworthy^  data  concerning  the  nature  and  behav- 
ior of  the  matter  about  the  Sun  than  two  photographs  of  the 
corona,  the  one  taken  in  Chile  or  the  Argentine  Republic  and  the 
other  in  Africa.    These  should  l:)e  strictly  comparable. 

An  additional  strong  incentive  for  observation  is  found  in  the 
fact  that  the  eclipse  of  1893  takes  place  as  a  sun-spot  maximum  is 
approaching,  and  would  therefore  afford  most  interesting  results 
for  comparison  with  the  mass  of  obser\'ations  gathered  in  the 
two  eclipses  of  1889»  occurring  near  a  sunspot  minimum. 

Professor  Holden  has  announced  that  the  Lick  Observator3' 
will  send  a  party  to  Chile  under  the  direction  of  Mr.  Schaeberle. 
The  Harvard  Observatorv^  party  already  in  Peru,  under  the  di- 
rection of  Professor  W.  H.  Pickering,  will,  it  is  understood  make 
complete  photographic  and  spectroscopic  studies  of  the  corona 
from  some  point  in  Chile,  It  is  therefore  extremely  important 
that  the  remaining  points  of  observation  should  be  manned, 

I  have  endeavored  to  collect  in  the  following  memoranda  such 
information  as  is  accessible  concerning  the  means  of  transit  to 
available  stations^  and  the  meteorological  conditions  of  the  sta- 
tions themselves. 

After  leaving  Chile  the  track  of  the  shadow  lies  across  the 
northern  part  of  the  Argentine  Republic  and  passes  entirely 
across  Brazil,  In  this  entire  region  there  seem  to  be  but  two 
available  points,  one  in  the  Argentine  Republic  on  the  railroad 
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which  runs  tip  from  Buenos  Ayres,  and  the  other  in  the  province 
of  Ceara  in  Brazil.  The  next  available  points  for  observation 
are  on  the  African  coast.  The  following  table  contains  a  list  of 
such  stations  as  are  likely  to  be  available. 

Beginnine  Totality.       Duration 
station.  Long^.  Lat.  I^cal  Time.  Totality. 

O  '  O  '  )•  fff  a^  t^ 

Rosario  de  la  Frontera  65  07  25  4-8  5  Apr.  15,  20  40                3     8 
Arg.  Rep. 

Para  Curd.  Brazil 38  30             3  42  S  Apr.  15,  23  40  4  44 

Island  of  Goree 17  16.7  14  39.9  northern  limit  of  shadow. 

Portndal,  Senegal 16  49  14  23 

Joal,  Senegal 16  37  14  09  Apr.  16,     2  29                 4    9 

Rosario  de  la  Frontera,  in  the  Province  of  Salta,  is  a  small 
town  on  the  railroad  which  runs  from  Buenos  Ayres  to  Jujuy. 
It  is  therefore  easily  acessible,  and  the  expense  of  a  party  in 
reaching  it  would  not  be  large.  The  distance  from  Buenos  Ayres 
is  some  600  miles. 

The  town  lies  almost  exactly  on  the  line  of  central  eclipse.  It 
has  an  altitude  of  800  metres,  and  although  the  cloudy  season 
will  have  commenced,  the  probabilities  for  clear  weather  in  the 
forenoon  seem  good.  The  nearest  point  for  which  meteorologic- 
al data  are  accessible  is  Salta,  distant  80  miles.  At  this  point 
the  mean  annual  temperature  is  63°.6  F.  and  the  annual  rainfall 
is  22.8  in.,  and  the  probability  for  clear  weather  at  this  season  is 
estimated  to  be  two-thirds.  It  seems  extremely  desirable  that 
this  station  should  be  occupied.  Observations  at  the  eastern  end 
of  the  shadow  track  are  likely  to  be  more  numerous  than  at  the 
west  end,  and  for  this  reason  it  is  desirable  to  increase  the 
chances  at  the  west  end.  There  is  a  direct  line  to  Buenos  Ayres 
from  New  York,  and  this  station  is  therefore  easily  reached. 

Para  Curii  Brazil,  is  quite  near  Forteleza,  a  city  of  some 
20,000  inhabitants  and  the  capitol  of  the  Province  of  Ceara,  and 
lies  almost  exactly  on  the  line  of  central  eclipse. 

It  is  also  said  that  it  would  not  be  difficult  to  reach  a  point  in 
the  interior  at  a  higher  elevation.  M.  Cruls,  Director  of  the 
Observatory  of  Rio  Janeiro,  proposes  to  collect  full  meteoro- 
logical data  at  Forteleza  during  April,  1892,  for  guidance  of 
observers  in  choosing  points  of  observation  for  this  eclipse.  It 
must  be  said,  however,  that  the  chances  for  clear  weather  near 
Forteleza  seem  poor  indeed.  The  annual  rainfall  here  is  some- 
thing over  100  in.,  and  from  the  best  attainable  data  the  average 
rainfall  during  April  for  five  years  past,  including  1891,  has  been 
10  in.,  and  the  average  number  of  rainy  days  in  April  during  the 
same  period  has  been  15,  and  has  been  as  high  as  21  in  one  year. 
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After  IcAiiag  Sooth  AmmcA  no  potnts  fer  ofaserrmtioo 
theiiMchrg^  tfll  one  icaiAcs  the  Afiriatii  coast. 

The  Uaiid  of  Gotrr.  wUdi  8c»  aone  fii«  niSa  off  the  coast  an^ 
forms  die  protgctkm  to  the  harbor  of  DftUr  scents  to  be  the 
natural  oatfitting  point  far  aar  parties  destined  to  the  Scne- 
gamfaiam  coast.    Goree  ii  a   poist  of  great  tmportaiice   as  a 
mOitafT  and  uwmi  ii  iai  post.    The  island^  which  is  rocky  and_ 
prectpitOQS,  is  sooif  forty  acres  in  estenc    A  French  garrison 
kept  here,  and  it  is  a coafing  station  for  the  French  Sav\\  and 
reached   by   sseaners   from   lirerpool  and    Bordeaxtic.    Sailing^ 
Tcsseb  firora  New  York  in  the  Sen^amfaian  trade  make  this 
rendezYOUs. 

The  cfimate  m  described   as   most  excelleat  and   somewhat 
cooler  than  that  of  the  netghborrng  mainland.    Clear  weather  a1 
this  season  is  ahnost  a  certainty.    A  rainy  day  in  April  has  nev< 
been  recorded.    The  rainy  season  sets  in  about  the  middle 
June. 

lictwccn  Goree  and  the  neighboring  points  on  the  coast  there 
almost  daily  commnnication  by  sailing  vessels  and  small  steai 
crs,  and  unqoesttonably  the  French  goTcmraent  wonld  afford  a| 
neetled  assistance  to  observers. 

With  Goree  as  a  base  of  o|>erations  there  is  apparently  no  diffi-  , 
culty  in  locating  observing  parties  at  either  Portudal  or  Joal, th^^M 
latter  of  which  lies  almost  exactly  in  the  line  of  central  eclipse!^^ 
There  is  a  considerable  discrepancy  in  the  published  values  of  the  . 
geographical  position  of  Goree.  The  value  given,  taken  from 
the  Annuairc  de  Senegal,  is  presumably  correct,  as  longitude  and  1 
In litude  are  there  given  to  the  nearest  secontl  of  arc.  The  other 
points  in  Senegal  whose  positions  are  mentioned  have  been 
referred  to  Goree, 

The   teniperatnre   seems   quite   tolerable*    the   average   beinj 
about  70^  Fahn 

From  what  has  l)een  stated,  and  considering  Chile  as  alreadj 
well  occupied*  there  would  seem  to  be  but  three  points  for 
maining  American  expeditions  to  choose  from.    These  are  tl 
regions  near  Rosario  de  la  Frontera,  Argentine  Republic;  Forte 
leza,  Brazil;  and  either  Joal  or  Portudal  on  the  Senegambii 
coast. 
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In  case  any  stations  are  to  be  occupied  by  American  parties,  it 
is  exceedingly  desirable  that  there  should  be  an  effective  coopera- 
tion between  such  parties,  both  in  choice  of  stations  and  in  the 
arrangement  of  work.  In  the  work  of  eclipse  observations  dur- 
ing the  past  there  has  been  a  serious  absence  of  any  attempt  at 
a  coordination  of  work,  and  very  little  effort  to  make  the  work  of 
different  observers  comparable.  It  is  with  the  hope  that  some 
such  cooperation  may  be  secured  that  attention  is  called  to  the 
matter  at  the  present  time. 

It  may  be  added  that  ambitious  travelers  who  care  to  brave 
desert  will  find  a  favorable  observing  station  on  the  caravan 
route  just  north  of  Timbuktu. 

I  am  indebted  to  Professor  Corti  of  San  Juan,  Arg.  Rep.^  for 
maps  and  meteorological  data  concerning  the  province  of  Salta, 
and  to  Mr.  John  M.  Sherwood,  formerly  of  Goree,  for  similar 
data  concerning  Senegambian  points. 


EXPLANATION    OF   THE  MYSTERY  OF  THE  EGYPTIAN   PHCENIX.* 


T.  J.  J.  SEE,  Bbelix. 


The  beautiful  Egyptian  fable  of  the  Phoenix  enjoyed  great 
popularity  among  the  ancients,  and  the  mere  fame  of  the  legend 
renders  the  accounts  left  us  by  the  Greeks  and  Romans  necessarily 
somewhat  inconsistent,  on  account  of  the  distortions  which  it 
suffered  from  different  writers;  the  gist  of  the  mystery  is, 
however,  condensed  in  the  following  statements  :— 

The  Phoenix  was  a  miraculous  bird  of  Arabian  origin,  the  only 
one  of  its  kind  in  the  world,  adorned  with  golden  and  red 
plumage,  and  in  form  resembling  an  eagle ;  it  was  sacred  to  the 
Sun  and  appeared  at  the  Temple  of  Heliopolis  at  long  intervals 
of  time ;  when  of  a  very  great  age  it  built  a  nest  of  twigs  and 
branches,  ignited  it  with  fire,  forthwith  lighted  upon  the  funeral 
pyre  and  was  consumed  to  ashes,  from  the  glowing  embers  of 
which  the  new  Phoenix  at  once  triumphantly  arose. 

The  true  explanation  of  the  myster\'  of  this  acknowledged 
symbolism  is  a  matter  on  which  not  even  Eg>'ptologists  have 
ever  been  agreed;  but  since  the  story  of  the  Phoenix  seems  to 
hinge  upon  astronomical  phenomena,  we  maj"  perhaps  venture 
to  offer  an  hypothesis  which  has  presented  itself  in  connection 
with  the  investigation  of  the  ancient  color  of  Sirius,  and  seems 
exceedingly  probable. 

*  Commanicated  by  the  author. 


Of  all  the  authorities  who  have  left  us  accounts  of  the  Phcenix 
none  are  perhaps  more  trustworthy  than  Tacitus,  who  speaks 
of  the  bird  Phcenix  coming  in  Egypt  after  a  long  course  of 
ages  during  the  consulship  of  Pains  Fabius  and  Lucius  Vitellius 
(34  A,  D/)*  After  noticing  the  miraculous  reports  of  the  bird, 
and  briefly  describing  it,  the  historian  adds  that  it  was  sacred 
to  the  Sun,  and  continues  : — 

**De  numero  annorum  varia  traduntur.  Maxime  vulgatuni 
quingentorum  spatium:  sunt  qui  asseverent  mille  quadringentos 
sexaginta  unum  interjici»  prioresque  alites  Sesostride  primum, 
post  Amaside  doininantibus,  dein  Ptolemaeo  qui  ex  Macedonia 
bus  tertius  regnavit»  in  civitatem  cui  Heliopolis  nomen  advola- 
visst,  multo  ceterarum  volucruni  comitatu  novam  faciem 
niirantiura,  Sed  antiquitas  quidem  obscura:  inter  Ptolemaeum 
ac  Tiberinm  minus  ducenti  quinquaginta  anni  fuerunt,  Undc 
nonnulli  falsum  hunc  Phcenicem  neque  Arabum  e  terris  credidcre, 
nihilque  usurpavisse  ex  his,  quae  vetus  memoria  firmavit/' 

(Annalium,  Lib.  VL,  Cap.  28.) 

Tacitus  therefore  says  the  Phcenix  is  vulgarly  reported  to  live 
500  years*  but  there  are  some  (and  he  appears  to  imply  that 
these  are  the  ** select  few/*  the  ** learned  ones,"  perhaps  the 
Egyptian  priests)  who  positively  affirm  that  the  miraculous  bird 
lives  14-61  years.  This  is  the  length  of  the  Sothic  Periods  and 
such  a  coincidence  in  length  of  time  cannot  be  the  result  of 
chance.  Therefore  a  strong  presumption  is  at  once  raised  in 
favor  of  the  idea  that  the  Phoenix  is  a  symbolization  of  the  Dog 
Star  Period.  The  Egyptian  year,  as  is  well  known,  consisted  of 
365  days,  and  consequently  the  calendar  annually  fell  short  of 
the  Julian  or  natural  year  one  fourth  of  a  day;  this  annual 
difference  would  accumulate,  and  in  14-61  Egyptian  years 
amount  to  a  whole  year»  so  that  the  cycle  would  begin  anew. 
This  great  cycle  is  what  is  known  as  the  Sothic  Period,  which 
began  when  the  first  of  Thoth  (the  first  month  of  the  Egyptian 
calendar)  coincided  with  the  heliacal  rising  of  Sirius*  This  phen- 
omenon of  the  Sun  and  the  Dog  Star  rising  together  took  place 
on  the  20th  of  July,  and  marked  the  beginning  of  the  inundation 
of  the  Nile. 

In  the  preceding  investigation*  we  have  shown  that  Sirius  was 
anciently  fiery  red,  and  this  color  will  now  enable  us  to  explain 
not  only  the  gorgeous  plumage  of  the  Phcenix  (mentioned  by 
•  Sc€  April  and  May  numbers  of  Astro.vomy  axu  Astro- Physics. 
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Herodotus  and  Pliny), but  also  how  the  old  Phoenix  was  mystic- 
ally spoken  of  as  consuming  itself  with  self-ignited  fire  and  the 
new  bird  arising  from  the  glowing  ashes.  For  the  colors  of  the 
Phoenix  were  merely  the  hues  of  the  golden  Sun  and  of  the  ruddy 
Sirius.  And  the  old  Phoenix  cycle  closed  its  long  career  when  the 
first  of  Thoth  came  round  to  the  day  of  the  fixed  year  (July  20) 
on  which  Sirius  and  the  Sun  rose  together,  and  the  new  Sothic  or 
Phoenix  cycle  began  on  the  same  day.  Therefore,  since  the 
beginning  and  end  of  the  Sothic  Period  was  determined  by  the 
heliacal  rising  of  Sirius,  and  that  star  was  fiery  red,  it  is  easy  to 
see  why  the  priests  represented  the  old  Phoenix  as  consuming 
itself  with  self-ignited  fire  (of  the  Dog  Star)  at  self-appointed 
time,  and  the  new  Phoenix  as  arising  immediately  fi-om  the  ashes 
of  the  old.  The  "burning  up"  of  the  Phoenix  therefore  repre- 
sents merely  the  "burning"  of  the  ruddy  Sirius,  to  which  may 
perhaps  be  added  the  flames  of  the  morning  glow  through  which 
the  priests  observed  the  star  coming  with  the  rising  Sun. 

Since  the  Sothic  Period  was  determined  by  observations  of  the 
heliacal  rising  of  Sirius  made  at  the  Heliopolitan  Temple  of  the 
Sun,  we  can  readily  understand  why  the  Phoenix  was  spoken  of 
as  comiog  from  Arabia,  which  lay  to  the  east,  in  the  direction  of 
the  expected  phenomenon.  The  Phoenix  being  a  symbolization 
of  the  Sothic  cycle,  there  could  of  course  be  only  one  such  "  bird  " 
in  the  world ;  and  since  the  period  extended  over  ages,  it  is  easy 
to  conceive  how  a  very  little  mystic  or  even  poetic  fancy  would 
enable  the  priests  to  represent  it  as  a  bird  endowed  with  swift 
wings  symbolic  of  the  flight  of  time.  The  Sothic  Period  being 
reckoned  from  the  heliacal  rising  of  Sirius,  it  is  also  plain  why 
the  bird  was  sacred  to  the  Sun,  and  why  it  appeared  to  the 
priests  at  the  HeliopoHs  by  whom  the  observations  were  made. 
Lastly,  since  the  c\'cle  repeats  itself  in  eiidless  succession,  its 
duration  is  everlasting,  and  hence  the  secret  of  the  immortality 
of  the  Phoenix. 

The  onh'  point  that  needs  further  elucidation  is  the  period. 
Tacitus  relates  that  the  first  Phoenix  appeared  in  the  reign  of 
Rameses  II.  (who  was  called  b\'  the  Greeks  Sesostris);  and  we 
learn  from  Censorinus  that  a  Sothic  Period  was  completed  A.  D. 
139;  therefore  that  Period  must  have  begun  B.  C.  1322. 

This  epoch  falls  within  the  limits  of  the  various  dates  assigned 
to  the  reign  of  Rameses  by  different  chronologists — dates  which 
hinge  mainly  upon  different  interpretations  of  the  somewhat  un- 
certain dynastic  successions  recorded  in  the  fragments  of 
Manetho*s  History  preserved  by  Josephus— and  agrees  perfectl3' 
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WORLDS  CONGRESS  AUXILIARY  ON  MATHEMATICS 

AND  ASTRONOMY.* 


THE 


GEORGE  W.  HOUGlf.  LL.  D.,  CUAlMMAlt. 


The  World's  Congress  Auxiliary  is  an  Organisation  maintained 
by  the  World's  Columl>ian  Exposition,  and  appro\^ed  by  the 
Government  of  the  United  States,  for  the  purpose  of  organizing 
a  series  of  Congresses  or  Conventions  to  be  held  during  the  prog- 
ress of  the  Exposition  in  1893,  and  which  will  bring  together  the 
leading  scholars  of  the  world  for  the  mutual  interchange  of  ideas 
on  topics  bearing  on  human  progress. 

A  Scientific  Congress,  to  present  and  consider  investigations  in 
its  sx>ecial  lines  of  research  from  all  parts  of  the  world,  cannot 
fail  to  exert  an  important  influence  in  the  progress  of  scientific 
development.  The  personal  interchange  of  views  in  regard  to 
methods  of  observation  and  investigation  will  undoubtedl3'  be 
productive  of  mutual  benefit  to  the  members  of  the  Congress,  as 
well  as  of  lasting  value  to  science. 

The  General  Committee  on  Mathematics  and  Astronomy  pre- 
sents this  preliminary  address,  cordially  inviting  the  coopera- 

*  Communicated  by  the  author. 
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tion  of  all  persons  and  societies  interested  in  the  department  of 
physical  science. 

As  the  matter  assigned  to  this  Committee  covers  a  large  field  in 
physical  science,  it  has  been  thought  advisable  to  arrange  the 
subjects  to  be  considered  under  the  following  chapters  and  sec- 
tions, in  which  in  consideration  of  its  recent  development  and 
growing  importance,  Astro-Physics  has  been  assigned  a  separate 
chapter  from  other  branches  of  general  Astronomy. 

The  following  are  some  of  the  topics  suggested  for  considera- 
tion under  the  several  chapters  : 

Chapter  I.— Pure  Mathematics. 

Section  a.  History  and  Bibliography. 

Section  b.  Arithmetic  and  Theory  of  numbers. 

Section  c.  Analysis. 

Section  d.  Geometry. 

Section  e.  Analytical  Mechanics. 

Section  f.  Mathematical  Physics. 

Chapter  II.— Astronomy. 

Section  a.    History  of  Astronomy. 
Section  b.    Astronomical  Instruments. 
Section  c.     Methods  of  Observation. 
Section  d.    Physical  Astronomy. 
Section  e.     Observatory  Buildings. 

Chapter  III.— Astro-Physics. 

Section  a.    Spectrum  Analysis. 
Section  b.    Astronomical  Photography. 
Section  c.     Stellar  Photometry. 

The  object  of  this  preliminary  address  is  simply  to  bring  the 
subject  of  the  Congress  to  the  notice  of  the  scientific  men  of  the 
world  for  advice  and  sugge^ons  as  to  the  general  conduct  of  the 
convention,  and  in  particular  as  to  the  scientific  questions  to  be 
discussed.  Recommendations  of  themes  to  be  discussed  and  of 
persons  to  present  them  are  especially  solicited  from  the  members 
of  the  Advisory  Council  of  the  Astronomical  Congress.  The  Ad- 
visory Councils  constitute  the  non-resident  branches  of  the  Auxil- 
iary Committees.  Additions  to  these  councils  will  be  made  from 
time  to  time.  Communications  may  be  addressed  to  the  chair- 
man of  the  general  committee,  or  to  the  chairman  of  the  proper 
special  committee. 

It  18  expected  that  men  eminent  in  special  lines  of  research  will 
be  invited  to  furnish  papers  on  the  leading  topics  under  consider- 


ation.    The  suggestions  and   recommendations  invited   will  be 
used  in  the  formation  of  the  programme  for  the  Congress. 

Thechaimien  of  the  special  committees  of  the  several  chapters 
under  the  charge  of  the  general  committee,  are  as  follows : 
On  Pure  Matht'itintics: 

Professor  E.  H.  Moore,  Chicago  University,  Chicago,  III 
On  Astronomy : 

Professor  G.  W.  Hough,  Dearborn  Observatory,  North  west- 
ern  University,  Evanston,  III 
On  AstrO'Pbysics  : 

Professor  Geo.  E.  Hale,  Kenwood  Astro-Physical  Observa- 
tory, Chicago,  111. 

George  W.  Hough,  Cbaimmn. 
EnAS  Colbert,  Vice-Cbairman, 
E.  H.  Moore,  R.W.  Pike, 

George  E.  Hale,  Geo.  C,  Comstock^ 

G.  a.  Douglas,  W.  W.  Payne, 

Malcolm  McNeill, 
Committee  of  the  World's  Congress  Auxiliary  ou  a  Con- 
gress of  Mathematicians  and  Astronomers, 


NEW  BINARY   STAR  /?  208.* 


s.  w,  buhkham. 

Ob  March  12. 1874,  when  observing  with  the  6-inch  refractor, 
I  found  that  the  sixth  magnitude  star  in  Argo,  Lalande  17103, 
was  a  moderately  close  double  star.  The  components  were  es- 
timated as  6  and  9  magnitude,  and  the  distance  about  1".4.  It 
was  a  very  fine  object  with  that  instrument,  and  not  difficult  for 
a  new  pair.  Since  that  time  it  has  been  sufficienth'  often  meas- 
ured to  show  that  the  components  tiave  considerable  relative 
motion,  and  that  they  must  form  a  binarj^  system.  Indeed  it 
hardly  needed  any  observations  with  the  micrometer  to  demon- 
strate this  fact.  Since  the  well-known  proper  motion  of  this 
star  made  it  practically  certain  that  the  two  components  were 
moving  together,  or  it  would  have  been  discovered  before.  As  a 
single  star  it  has  an  annual  proper  motion  of  0''.466  in  the  di- 
rection of  331^.7,  and  with  one  star  fixed  in  space,  it  would  have 
formed  a  w^de  and  easy  pair  at  any  time  l>efore  1870,  and  could 
not  have  escaped  detection. 

*  Commuiitcated  bj  the  author. 
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The  following  are  all  the  measures  down  to  this  time : 

o  • 

1874.19  30.4  1.4  ±  6.0 9.0  ^  In 

1877.13  31.7  1.71  6.0 9.0  Cin.  In 

1878.43  33.9  1.37  6.0 8.0  Cin.  5n 

1882.21  40.9  1.21  6.0 9.0  Sp  3n 

1886.18  43.2  1.27  6.0 8.0  Wilson  In 

1889.15  47.5  1.06  7.0 8.0  ^  2n 

1892.11  52.3  0.70  6.8 8.1  ^  3n 

It  will  be  seen  from  these  measures  that  the  distance  is  now 
rapidly  decreasing,  and  that  it  may  soon  become  a  very  difficult 
pair.  The  angular  motion  will  doubtless  be  rapid  for  some  time 
to  come,  and  the  period  cannot  be  very  long.  For  the  present  at 
least  it  should  be  measured  each  year. 

The  place  of  this  pair  (1880)  is  : 

R.  A.  8^  33"»  54M 
Decl.   —22°  167 

Mt.  Hamilton,  April  20, 1892. 


52  HERCULIS    (/J627).* 


S.  W.  BURNHAM. 


A  recent  set  of  measures  of  this  pair  seems  to  show  that  the 
companion  has  a  slow  direct  motion  about  the  primary.  The 
distance  is  too  large  to  look  for  any  rapid  movement,  but  there 
is  hardly  any  doubt  of  their  forming  a  physical  system.  Al- 
though this  is  an  easy  pair  to  measure,  there  are  but  few  obser- 
vations. It  was  discovered  with  the  Chicago  18%-inch,  but  can 
be  well  seen  with  a  much  smaller  aperture. 

The  following  are  all  the  measures : 

o  • 

1878.38  309.4  1.83  5    10.5  Burnham     5n 

1881.42  306.6  1.76  5    10  Bigourdan   In 

1886.33  307.6  2.03  5.1 9.5  Engclmann  8n 

1892.24  318.7  1.62  5    9.1  Bnrnham      3n 

Bigourdan  measures  two  12m  stars : 

1881.42  228^6  67".01  In 

1881.42  267  .6  143  .15  In 

These  distant  stars  have  not  been  measured  previously. 
Mt.  Hamilton,  April  20, 1892. 

*  Comxnanicated  by  the  author. 


ORBIT  OF  fi  613. 


{Letter  trom  Prof,  S.  GlAseaapp  to  S.  W.  BumbAm.} 

OBSERYATOtRB  DE  L'UmTBRHtTfi  ImPERIALE, 

St.  Petersburg^  April  12, 1892. 
Dear  Sir:  You  have  had  the  kindness  to  communicate  to  me 
all  the  measures  (published  and  unpublished)  of  the  double  star  /? 
612  which  you  discovered  in  1878,  The  foMowdng  are  the  meas- 
ures obtained  by  the  four  astronomers,  Buniham  (^),  Hall  (HI), 
Schiaparelli  (Sp)  and  Engelmann  (En) : 


1878.33 

56,1 

0.23 

,9  3n 

1B78.96 

60,5 

0.24 

H14d 

1884.02 

52.4 

0,28 

En  5n 

1889.46 

166.8 

0.3 

Sp3n 

1890.39 

179.7 

0.3 

Sp2n 

1891.28 

191.1 

0.28 

/S3ii 

1891.44 

101,1 

0.32 

H13ti 

1891.48 

186.1 

0.2 

Spin 

1892,12 

198,7 

0.35 

,^ln 

To  obtain  normal  positions,  we  form  simple  arithmetical  means 
for  1878  and  1891 : 


1878.65 

58.3 

0.23 

2  obeervers. 

1884.02 

52.4 

0,28 

1  observer. 

1889.46 

166.8 

0.3 

1          *' 

1890.39 

179.7 

0.3 

1 

1891.40 

189.4 

0.27 

3obscrvcra. 

1892.12 

198.7 

0.35 

1  observer. 

One  of  the  first  two  positions  is  evidenth'  erroneous.  The  first 
is  derived  from  the  measures  of  Burnham  and  Hall  made  on  seven 
nights  with  large  telescopes.  The  second  position  is  the  result  of 
measures  of  one  observer,  the  late  Dr.  Engelmann,  made  on  five 
nights  with  a  relatively  small  telescope.  The  measures  of  Bum- 
ham  and  Hall  agree  substantially,  and  therefore  it  seems  proba- 
ble that  the  position  for  1878  is  correct,  and  that  there  is  consid- 
erable systematic  or  personal  error  in  the  position  of  Engelmann, 

Rejecting  the  observations  of  Engelmann  in  1884,  we  obtain 
by  the  graphical  method,  which  I  proposed  several  years  ago,  the 
following  approximate  elements : 

T=  1870.04 


u 

^ 

38.64  years. 

V 

— r 

+  9,32^ 

Q 

'^Z 

314.1*^ 

t 

=: 

17.0^ 

A 

^^ 

31.6^ 

e 

^ 

0.13 

a 

^- 

0,28" 
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We  then  find  the  corrections  of  i?,  T ,  ft  and  /,  namely : 
dT=  +  3.97  years;  d^  =  +  2°.68;  c/Q  =  +  3°.2;  di  =  +  6°.0. 
Finally  the  elements  have  the  following  values : 

T=  1874.01 


v= 

30.00  years. 

^  — 

12.00° 

Q  = 

317.3° 

i  = 

23.0° 

I  ^ 

31.6° 

e  = 

0.13 

a= 

0.28" 

The  agreement  of  these  elements  with  the  observations  is  very 
satisfactory : 

t  Oo  6c  Oo  — Oc  Po  Pe  Po— Pc 


1878.65 

58.3 

58.9 

-0.6 

0.23 

0.24 

-0.01 

1889.46 

166.8 

170.9 

-4.1 

0.3 

0.31 

-0.01 

1890.39 

179.7 

170.4 

-f  0.3 

0.3 

0.31 

-0.01 

1891.40 

189.4 

189.1 

-4-0.3 

0.27 

0.30 

-0.03 

1892.12 

198.7 

196.2 

+  2.5 

0.35 

0.29 

+  0.06 

The  error  of  Engehnann's  measure  in  1884  is  about  60^  in  the 
angle  of  position. 

The  elenient  ^  is  probably  uncertain  because  the  eccentricity  of 
the  true  orbit  is  small,  but  it  will  be  possible  to  find  its  correc- 
tion after  the  periastron  passage  which  will  occur  in  1908. 

From  your  catalogue  I  take  the  position  of  this  star  for  1880 : 

^  612  =  B.A.C.  4559 
a  =  13»»  33°»  40«  \^ 
^  =  +  11°  21'     / 

Very  truly  yours, 

S.  Glasenapp. 

NOTE.  In  the  foregoing  orbit  by  Professor  Glasenapp  the  position  for 
1892.12  is  from  mj  first  measure  in  the  early  part  of  the  present  year.  Subse- 
otiently  I  completed  a  set  of  measures  by  observing  it  on  two  other  nights.  Pro- 
Kssor  Glasenapp,  however,  had  not  received  the  complete  measures  when  he  com- 
puted the  orbit.    The  mean  of  the  three  measures  is: 

1892.14  198°.7  0^^.31 

It  win  be  seen  that  this  is  identical  in  an^le  with  the  first  observation,  and 
difiin-8  so  little  in  the  distance  that  the  substitution  could  not  materially  affect 
the  elements  of  the  orbit  given  above.  s.  w.  b. 


MOTES  PROM  THE  TIME  SERVICE  OF  THE  WASHBURN  OBSERV. 

ATORY.* 


S.  D.  TOWNLBY. 


In  the  time  service  of  the  Washburn  Observatory,  three  sidereal 
chronometers  are  compared  each  morning  with  the  standard 
*  Commmiicated  by  the  author. 


mean  time  clock,  and  as  a  check  upon  these  comparisons  it  has 
been  my  habit  to  make  a  direct  coni])arison  of  each  of  the  chro- 
nometers with  the  standard  sidereal  clock. 

The  two  standard  clocks  are  compared  also,  so  that  if  the 
direct  and  indirect  comparisons  of  any  chronometer  were  abso- 
lutely exact  the  rcsuJtin^  corrections  to  the  chronometer  would 
be  identical. 

Out  of  curiosity  to  see  what  accuracy  could  be  at  tamed  in 
direct  comparisons  I  have  taken  all  the  chronometer  comparisons 
from  1892  Jan.  l,to  1892»March  11  (213  in  all),  and  computed  a 
probable  error.    • 

Taking  the  differences*  without  regard  to  signs,  between  the 
direct  and  indirect  comparisons  as  residuals  I  find  a  probable 
error  of  ±  0\027,  Assuming  the  probable  error  of  an  indirect 
comparison  to  be  ±  O'.OIO  then  the  probable  error  of  a  direct 
comparison  of  a  sidereal  chronometer  beating  half  seconds  with 
a  sidereal  clock  beating  seconds  is  ±  0\025, 

(r»  =  0:027'  -  (loiO'). 

I  have  computed  the  probable  error  for  each  chronometer  sepa- 
rately and  find  that  the  Tobias  chronometer,  which  has  a  very 
clear  beat,  gives  the  smallest  probable  error,  db  0*.021,  while  the 
other  two  Bliss  chronometers  give  ±  0^024  and  ±  0*,031. 
Taking  into  account  the  signs  of  the  residuals,  / —  D,  I  find  that 
the  negative  residuals  predominate  with  each  chronometer  and 
for  the  mean  of  the  213  observations  I—  D  =  —  0*.006  ±  0'.002, 
Applying  this  correction  to  the  residuals  would  reduce  the  proba- 
ble error  of  a  direct  comparison  as  computed  above,  but  not  ap- 
preciably. Of  these  213  residuals  two  are  OMO,  six  are  0*,09 
and  all  the  rest  are  smaller. 

In  makmg  the  comparisons  I  estimate  the  fraction  of  a  second 
to  the  nearest  0.05  and  if  the  difference  between  direct  and  in- 
direct comparisons  is  ever  more  than  one-tenth  of  a  second,  I 
know  immediately  that  something  is  wrong  in  the  reduction. 

I  have  had  nearly  three  years  practice  at  this  work  and  about 
twenty-five  seconds  is  the  time  necessary'  for  making  a  compari- 
son. 

Having  noticed  a  reference,  Chauvenet,  Vol,  11,  page  103,  to 
Professor  Peirce*s  discussion  of  an  observer's  personal  scale,  I 
thought  to  investigate  my  time  observations  to  see  if  any  such 
scale  existed.  The  observations  are  made  with  a  three-inch 
Fauth  transit,  magniiS'ing  power  of  115,  eye-and-ear  method, 
chronometer  beating  half  seconds.    I  estimate  the  time  of  Iran* 


S.  D.  Townley, 
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sit  of  the  star,  not  the  space  passed  over,  to  the  nearest  tenth  of 
a  second. 

Theoretically,  in  a  large  number  of  observations,  there  should 
be  as  many  transits  on  any  one-tenth  of  a  second  as  upon  any 
other  tenth.  Upon  investigation,  however,  I  found  this  to  be 
quite  far  from  the  truth.  From  188  observations  of  stars  of 
declinations  from  +  20°  to  +  65°  there  was  a  decided  preference 
for  the  0  and  5  tenths,  and  a  decided  neglect  of  the  4  and  8 
tenths.  It  is  easy  enough  to  see  why  an  observer  should  favor 
the  0  and  5  tenths,  but  I  am  at  a  total  loss  to  know  why  the  4 
and  8  tenths  should  be  neglected  rather  than  the  other  tenths. 
Feeling  sure  that  such  large  discrepancies  should  not  occur,  I  de- 
termined to  watch  myself  in  the  future.  A  second  series  of  816 
transits  was  obtained  which  are  much  more  evenly  distributed, 
but  still  there  is  a  tendency  to  neglect  the  4  and  the  8  tenths. 

The  following  table  will  show  the  results  of  these  series. 


EYE  AND    EAR. 

CHRONOGRAPH. 

Scries  I. 

Series  II 

. 

Series  111 

:. 

No.  of 

Per 

No.  of 

Per 

No.  of 

Per 

Tenth. 

Transits. 

cent. 

Transits. 

cent. 

Transits. 

cent. 

O 

47 

25.0 

109 

134 

25 

II.8 

1 

i8 

9.6 

85 

10.4 

23 

10.9 

2 

2.3 

12.2 

93 

II.4 

17 

8.1 

3 

14 

7-4 

98 

12.0 

22 

10.5 

4 

8 

4-3 

71 

8.8 

15 

71 

5 

26 

13.8 

76 

9-3 

22 

10.5 

6 

23 

12.2 

79 

H 

19 

9.0 

7 

12 

6.4 

71 

8.8 

20 

9-5 

8 

5 

?-7 

64 

7.9 

18 

8.5 

9 

12 

6.4 

70 

8.6 

30 

14.2 

Totals  188  loo.o  816  100.3  211  100. 1 

In  Series  II,  there  seems  to  be  a  tendency  to  put  the  transit  in 
the  first  half  of  the  second,  and  the  8  is  still  the  most  neglected 
digit.  Why  this  particular  figure  should  be  neglected,  I  am  un- 
able to  say,  unless  it  is  perhaps  that  this  is  the  hardest  figure  to 
make.  If  that  could  have  any  effect,  however,  then  I  should 
think  that  3  and  5  would  be  next  on  the  list  but  the  table  shows 
these  figures  to  be  favored  rather  than  neglected.  Series  III, 
transits  recorded  by  the  chronograph,  lends  additional  evidence  * 
to  the  belief  that  I  have  some  dislike  for  the  figure  8,  for  the  table 
seems  to  indicate  that  in  reading  the  chronograph  sheets,  the  fig- 
ure 9. has  been  favored  at  the  expense  of  the  figure  8. 

With  all  the  peculiarities  of  these  series,  I  find  the  observations 
are  not  bad,  for  the  computed  probable  error  of  a  single  transit 
in  Series  I  is  x  0*.055  and  in  Series  III  is  ±  0*.035  while,  accord- 
ing to  the  formula  of  Albrecht,  the  probable  errors  should  be 
±  0».071  and  ±  0*.052  respectively. 

Madison,  Wis.,  April  1, 1892. 


THE  EARTHQUAKE  FOR  FEBRUARY  23,  I892.» 


WI1.LIAM  H.  PICKERING. 


By  a  copy  of  the  New  York  Weekly  Times  just  received,  I  see 
that  a  severe  earthquake  shock  was  felt  in  San  Diego,  California » 
on  Februrary  23,  at  11''  14^"  p.  m.  This  reduced  to  Greenwich 
mean  time  is  2Sd  19''  14"*.  By  referring  to  our  records  I  find  that 
four  earthquakes  are  mentioned  as  having  occurred  here  during 
the  month  of  February,  none  of  them  being  very  severe.  Their 
dates  are  February  4,  9,  11  and  23.  The  latter  occured  at  23d, 
21**,  52*",  G,  M,  T,,  and  is  recorded  as  coming  from  the  north. 
This  is  2^  38""  later  than  the  one  which  occurred  in  San  Diego, 
The  approximate  distance  from  San  Diego  to  Arequipa,  measured 
along  a  great  circle,  is  4,520  miles.  Assuming  our  shock  to  have 
been  identical  in  origin  with  the  Caliibrnia  disturbance,  and  the 
latter  to  have  originated  in  the  immediate  vicinity  of  Sau  Diego, 
this  would  give  a  mean  rate  of  transmission  of  2,510  feet  per 
second.  The  distance  traversed  in  this  case  is  perhaps  the  great* 
est  that  has  ever  been  accurately  timed. 

The  great  earthquake  of  1868  shook  the  west  coast  of  the 
whole  continent,  from  California  to  Tierra  del  Fuego ;  but  if  ac- 
curate observations  were  made  at  that  time  I  do  not  know  of 
their  ever  having  been  collected.  The  great  earthquakes  of  Lis- 
bon and  Charleston  were  each  accurately  observed  through  a  dis- 
tance of  1,200  miles.  Observations  made  upon  the  Japanese  and 
Indian  earthquakes  have  been  over  still  smaller  distances.  The 
velocities  with  which  these  earthquakes  were  transmitted  when 
passing  through  the  ground,  have  been  found  to  vary  greatly, 
ranging  from  a  few  hundred  to  over  ten  thoilsand  feet  per  second. 
When  the  shock  transmitted  through  the  ocean  on  the  other 
hand  the  results  are  much  more  accordant,  and  usually  do  not 
differ  greatly  from  three  thousand  feet  per  second.  Valuable 
suits  in  the  present  instance  might  be  obtained  by  securing  obser- 
vations made  at  other  points  in  the  disturbed  area.  These  would 
jgive  not  only  the  mean  velocities  at  different  distances  from  the 
centrum,  but  would  enable  us  to  determine  with  some  precision 
its  approximate  location. 

It  is  proposed  if  possible  to  collect  at  this  Observ^ator^^  general 
data  pertaining  to  seismic  disturbances  from  various  points 
along  the  Pacific  coast.  Should  this  plan  prove  practicable,  it  is 
thought  that  in  the  course  of  a  few  years  man\'  disturbances 
might  he  found  which  had  propagated  themselves  to  consider- 
able distances,  and  from  wlaich  it  would  be  possible  to  locate 
some  of  the  more  prominent  earthquake  centers  near  this  coast. 

Arequipa,  Peru,  April  5,  1892. 

*  Communicated  bv  the  author.  « 
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observing  during  da3'light.  We  are  therefore  compelled  to 
change  one  set  of  stars  after  it  has  been  observed  a  certain  length 
of  time,  and  begin  upon  a  new  set.  Now  if  we  arrange  matters 
so  that  the  period  of  obser\^ation  of  the  new  set  overlaps  that  of 
the  old  set  by  several  weeks,  we  can  derive  from  the  overlapping 
observations  the  sj'stematic  diflFerences  between  the  sets.  In  this 
way  v^x  can  get  a  value  of  the  variation,  which  is  independent  of 
the  declinations.  Accordingh'  the  following  program  was  adopt- 
ed at  each  station.  Nine  sets  of  stars  were  selected,  each  set 
containing  eight  or  nine  pairs,  extended  over  about  two  hours  of 
right  ascension.  On  ever\'  clear  night  two  sets  were  observed, 
and  they  were  so  arranged  that  at  least  three  weeks*  overlap- 
ping observations  were  secured  for  each  pair  of  consecutive  sets. 
The  periods  6f  observation  were  arranged  in  the  following  way: 


Feb.      M»r. 

in. 


April-       May 
V. 


Jiint".      July. 
VII 


Aug. 


Sept.      Oct 
IX. 


Nov. 


Dec. 


IV. 


VI. 


The  Roman  numerals  designate  the  numbers  of  the  sets,  and 
the  lines  show  approximately  how  they  overlap.  In  selecting 
pairs  the  following  rules  were  adopted  : 

1.  The  mean  of  all  the  declinations  of  any  set  must  not  diflfcr 
more  than  1'  from  the  latitude  of  the  station. 

2*  The  difference  in  right  ascension  of  the  two  stars  of  any 
pair  must  not  be  less  than  3"*  nor  more  than  15"\  The  difference 
of  zenith  distances  must  not  exceed  15'. 

3.  The  absolute  zenith  distances  must  never  exceed  25*^. 

4.  Those  stars  are  to  be  given  the  preference  whose  proper 
motions  in  declinfition  are  known,  and  as  far  as  possible,  the  two 
stars  of  each  pair  must  be  taken  of  equal  magnitude.  No  stars 
of  the  1st  or  2d  magnitudes  should  bs  us^d. 

Although  the  present  method  does  not  depend  upon  the  ac- 
curacy of  the  declinations,  yet  for  obvious  reasons  it  is  Yer>'  dc* 
desirable  to  use  only  well-determined  stars.  Moreover  it  is  im- 
portant that  the  declinations  derived  from  the  several  catalogues 
be  reduced  to  a  uniform  s^'stem  b^-  the  application  of  the  pro[jer 
corrections.  For  this  purpose  the  system  of  the  Berlin  Jahrbuch 
has  been  adopted.  I  have  thought  it  desirable  to  set  down  in  a 
table  the  systematic  corrections  which  have  been  applied  to  the 
declinations  of  the  other  catalogues.  These  corrections  for  the 
older  catalogues  have  been  taken  from  the  table  given  bj-  Auwers 
in  Astr,  Nach,  No.  1536,  to  which  1  have  added  the  further  cor- 
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rections  given  by  Auwers  in  PubL  der  Astr.  Gesellscb.,  No.  XIV, 
p.  12.  The  corrections  for  the  Greenwich  seven-year,  new  seven- 
year,  and  nine-year  catalogues,  as  well  as  Pulcowa,  1845,  have 
been  taken  from  Auwers'  PubL  derAstr.  Gese//scii.,XIV,p.  10, 11. 
The  Greenwich  ten-j'ear  corrections  are  from  a  table  given  by 
Romberg  in  his  new  Pulcowa  catalogue.*  Declinations  taken 
from  the  Jabrbucb,  from  Auwers'  Bradley,  or  from  Saffbrd's  cata- 
logue have  been  used  without  correction.  Whenever  the  proper 
motion  was  known,  it  was  allowed  for  in  the  reduction  to  mean 
and  apparent  place.  Several  declinations  were  specially  deter- 
mined in  the  meridian  by  Kiistner  and  Becker. 

With  regard  to  the  adjustment  of  the  instruments,  the  obser- 
vers made  it  a  rule  never  to  let  the  azimuth  error  exceed  1%  while 
the  collimation  and  level  errors  were  kept  under  0®.7.  Observa- 
tions to  determine  these  errors  were  made  at  least  once  a  month. 
The  barometer  was  read  every  night :  and  the  temperature  was 
noted  both  within  the  observing  room,  and  in  the  open  air.  The 
bisection  of  the  stars  with  the  micrometer  thread  was  eflfected 
four  or  five  times  at  each  transit,  in  order  to  eliminate  errors  of 
observation.  These  bisections  were  always  made  at  certain  fixed 
points,  marked  by  vertical  threads,  and  S3rmmetrically  situated 
with  respect  to  the  middle  thread.  Botb  latitude  levels  were 
read  before  and  after  each  observation,  whenever  possible.  To 
avoid  error  the  two  levels  were  numbered  differentl3' ;  one  run- 
ning from  0  to  50,  the  other  from  50  to  100.  The  bubbles  were 
kept  as  near  as  possible  to  the  middle  points  of  the  tubes.  At 
two  of  the  stations  it  was  found  necessary  to  discontinue  tempo- 
rarily the  use  of  one  of  the  levels,  as  the  obser\'ations  showed 
that  the  tubes  were  not  working  well.  After  a  thorough  over- 
hauling, they  were  found  to  be  again  in  good  condition.  This 
circumstance  shows  the  great  importance  of  using  two  levels. 
When  discordant  observations  occur,  they  can  be  traced  to  the 
level,  if  the  fault  is  in  that  part  of  the  instrument.  The  appear- 
ance of  the  star-images,  and  the  steadiness  of  the  air  were  re- 
corded every  night. 

The  reduction  of  the  observations  was  carried  out  according 
to  a  plan  which  we  will  now  outline  briefl^^  This  plan  is  not  al- 
together rigorous,  and  the  final  results  obtained  are  character- 
ized by  Dr.  Albrecht  as  provisional  only.  Yet  a  complete  defini- 
tive discussion  of  the  observations  would  certainly  not  produce 
a  change  of  more  than  a  few  hundredths  of  a  second  in  any  of 
the  final  results.  The  observations  were  first  reduced  in  the 
•  Many  of  the  aboTe  reference*  were  kindly  sent  to  me  by  Professor  Albrecht. 
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Reduction  of  Various  Catalogue  Declinations  to  the  Sys- 
tem OF  THE  Berlin  Jahrbuch. 

Part  I.    Depending  on  the  Declination. 
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Part  II,    Depending  on  the  Right  Ascension. 
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usual  way,  by  applying  the  customary  terms  for  micrometer, 
level,  and  refraction  to  the  mean  of  the  apparent  declinations  of 
the  pair.  The  ** reduction  to  the  meridian''  was  also  applied, 
and  as  far  as  posssible,  the  periodic  and  other  errors  of  the  mi- 
crometer screws  were  taken  into  account.  The  Prague  screw 
had  not  been  investigated,  however,  at  the  time  the  observations 
were  reduced.  The  reductions  from  mean  to  apparent  plac 
were  carried  out  in  duplicate  by  means  of  the  formula : 


2  2 


b'^J^ 


2  2  2 


Having  obtained  in  this  way  the  separate  values  given  by  each 
observation  of  the  several  pairs,  we  can  proceed  to  the  combina- 
tion of  the  observations,  so  as  to  derive  the  variation  of  lati- 
tude free  from  errors  of  declination. 

For  this  purpose  we  begin  by  adjusting  the  declinations  within 
each  of  the  sets  of  eight  or  nine  stars,  so  that  they  will  conform 
to  what  may  be  called  the  mean  declination  system  of  that  par- 
ticular  set.  This  is  accompHshed  by  comparing  the  mean  value 
of  the  latitude  as  derived  from  all  the  observations  of  any 
particular  pair  with  the  corresponding  mean  value  from  all  the 
eight  or  nine  pairs  of  the  set.  The  difference  is  the  reduction 
which  must  be  applied  to  all  observations  of  the  pair  in  question, 
so  as  to  bring  them  into  uniformity  with  the  mean  declination 
system  of  the  set.  Of  course,  in  carrying  out  this  adjustmentt 
only  the  observations  of  those  nights  should  be  used  during 
which  all  the  pairs  of  the  set  were  observed.  Obviously  the  mean 
of  all  these  reductions  for  any  set  must  be  zero.  It  is  to  be  noted 
that  the  Potsdam  observations  showed  slight  discordances, 
probably  resulting  from  astigmatism  in  the  observer's  eye.  If 
the  pair  was  observed  in  the  order  circle-west — circle-east  the 
resulting  latitude  was  too  great  by  about  0'M8.  The  same  pair 
observed  in  the  reverse  instrumental  order  gave  a  result  which 
was  too  small  by  about  the  same  amount.  Accordingly  a  coi 
rection  was  appHed  to  all  the  Potsdam  obser^^ations,  to  remove 
the  effect  of  this  discordance.  The  correction  was  not  quite  con- 
stant, six  different  values  being  used  during  the  period  of  ol>ser* 
vat  ion.  An  error  of  this  kind  is  almost  completely  eliminated 
from  the  results  if  the  pairs  of  any  evening  are  observed  alter- 
nately circle  east — circle  west  and  circle  west — circle  east.  Per- 
haps the  use  of  a  small  reversing  prism  attached  to  the  eye-piece 
would  remove  the  trouble  altogether.  For  the  prism  could  be  so 
turned  that  the  micrometer  thread  would  always  appear  to  be 
horizontal,  and  to  move  in  a  vertical  direction. 
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Rbduction  of  Various  Catalogub  Declinations  to  the  Sys- 
tem OF  THE  BeRUN  JaHRBUCH. 

Part  I.    Depending  on  the  Declination. 
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usual  way,  by  appl^nng  the  customary  terms  for  micrometer, 
level,  and  refraction  to  the  mean  of  the  apparent  declinations  of 
the  pair.  The  ** reduction  to  the  meridian*'  was  also  applied, 
and  as  far  as  posssible.  the  periodic  and  other  errors  of  the  mi- 
crometer screws  were  taken  into  account.  The  Prague  screw 
had  not  been  investigated,  however,  at  the  time  the  observations 
were  reduced.  The  reductions  from  mean  to  apparent  place 
were  carried  out  in  duplicate  by  means  of  the  formula : 


^'4^=A'- 


'+il  +  B^J^^ct+^+D'^-^  + 


Having  obtainetl  in  this  way  the  separate  values  given  by  each 
observation  of  the  several  pairs,  we  can  proceed  to  the  combina- 
tion ot  the  observations,  so  as  to  derive  the  variation  of  lati- 
tude  free  from  errors  of  declination. 

For  this  purpose  we  begin  by  adjusting  the  declinations  within 
each  of  the  sets  of  eight  or  nine  stars,  so  that  they  will  conform 
to  what  may  be  called  the  mean  declination  system  of  that  par- 
ticular set.  This  is  accomplished  by  comparing  the  mean  value 
of  the  latitude  as  derived  from  all  the  observations  of  any 
particular  pair  with  the  corresponding  mean  value  from  all  the 
eight  or  nine  pairs  of  the  set.  The  difference  is  the  reduction 
which  must  be  applied  to  all  observations  of  the  pair  in  question, 
so  as  to  bring  them  into  uniformity  with  the  mean  declination 
system  of  the  set.  Of  course,  in  carrying  out  this  adjustment, 
only  the  observations  of  those  nights  should  be  used  during 
which  all  the  pairs  of  the  set  were  observed.  Obviously  the  mean 
of  all  these  reductions  for  any  set  must  be  zero.  It  is  to  be  noted 
that  the  Potsdam  observations  showed  slight  discordances, 
probably  resulting  from  astigmatism  in  the  observer's  eye.  If 
the  pair  was  observed  in  the  order  circle* west — circle^ast  the 
resulting  latitude  was  too  great  by  about  0'M8.  The  same  pair 
observed  in  the  reverse  instrumental  order  gave  a  result  which 
was  too  small  by  about  the  same  amount.  Accordingly  a  cor- 
rection was  applied  to  all  the  Potsdam  observant  ions,  to  remove 
the  effect  of  this  discordance.  The  correction  was  not  quite  con- 
stant, six  different  values  being  used  during  the  i3eriod  of  obser- 
vation. An  error  of  this  kind  is  almost  completely  eliminated 
from  the  results  if  the  pairs  of  any  evening  are  observed  alter- 
nately circle  east— circle  west  and  circle  %vest--circle  east.  Per- 
haps the  use  of  a  small  reversing  prism  attached  to  the  eye-piece 
would  remove  the  trouble  altogether.  For  the  prism  could  be  so 
turned  that  the  micrometer  thread  would  always  appear  to  be 
horizontal,  and  to  move  in  a  vertical  direction. 
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Kkductiox  of  Various  Catalogue  Declinations  to  the  Sys- 
tem OF  THE  Berlin  Jahrbuch. 

Part  I.    Depending  on  the  Declination, 


Ded. 

1840 

VsS- 

Kadd. 
1845 

PtUk. 

lais 

1860 

186^^ 

1872 

iiis- 

o 

pf 

/# 

*  // 

// 

// 

// 

// 

rr 

90 

- 

-0.59 
-0.66 

+  0.58 

-4-  1.10 
-  -  1-35 

- 

-0.16 

+  0.47 
-  -  0.37 

+  0.19 
--O.23 

+  0.04 

»5 

- 

-.-.vi 

-0.17 

0.00 

—  0.04 

80 

- 

-0.56 

-f  1.50 

-0.19 

-  -  0.26 

-  -  0.26 

—  0.05 

0.00 

75 

- 

-0.39 

--O.3O 

+  1.48 
+  1.23 

-o.ai 

--O.I4 

-  -  0.27 

—  0.12 

-  -  0.05 
+  0.13 

70 

- 

I-O.26 

-+-  0.26 

H 

ho.25 

+  0.05 

+  0.27 

—  0.20 

65 

+  0.09 

4- 0.20 
--0.08 

4-0.90 
--0.54 

4-0.28 

—  0.04 

- 

-0.22 

—  0.30 

- 

-0.21 

60 

—  0.04 

--0.27 

-0.17 

- 

-0.12 

-0.43 

- 

-0.24 

55 

-0.14 

—  0.11 

--0.13 

-  -  0.22 

-0.34 

- 

-O.OI 

—  0.56 

- 

-0.18 

50 

-O.I5 

—  0.30 

—  0.22 

+  0.15 
+  0.06 

-0.47 

—  0.06 

—  0.62 

- 

-O.IO 

45 

—  0.23 

-0^9 

—  0.58 

-0.59 

-0.13 

—  0.64 

- 

-0.04 

40 

-0.34 

-0.54 

-  0.88 

—  0.03 

—  0.08 

-0.55 

—  0.16 

—  0.64 

0.00 

35 

-0.51 

-0.43 

-  1.08 

-0.37 

-0.17 

—  0.60 

—  0.02 

30 

-0.53 

—  0.28 

—  1. 10 

—  0.05 

-0.14 

-0.13 

-0.53 

—  O.OI 

n 

-0.41 

—  0.18 

-°-2! 

—  0.02 

0.00 

—  0.04 

-0.5s 

--O.I3 
+  0.30 

20 

—  0.30 

~  0.22 

—  0.88 

—  0.02 

0.00 

—  0.04 

—  0.62 

15 

—  0.12 

-0.29 

—  0.78 

—  0.03 

—  0.07 

—  0.07 

-0.74 

+  0.3* 

"p.3i 

10 

0.00 

—  0.26 

-0.59 

—  0.05 

—  0.09 

-0.13 

—  0.90 

5 

+  0.08 
+  0.04 

—  0.19 

—  0.36 

—  0.07 

—  0.06 

-0.23 

—  1. 10 

--0.25 

0 

—  0.24 

-0.27 

—  0.1 1 

—  0.12 

-0.37 

-  1-33 

--0.18 

-  5 

—  0.09 

—  0.46 

—  0.30 

—  0.16 

-0.33 

-  0.58 

-  1.54 

—  0.20 
+  0.23 

— 10 

—  0.30 

-0.77 

—  0.46 

—  0.22 

—  0.64 

—  0.80 

-  1.70 
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The  corrections  and  reductions  so  far  described  ha\Hng  been 
applied,  the  mean  results  were  taken  from  each  set  of  stars  for 
every  night  during  which  the  set  was  observed.  To  arrive  at 
the  variation  of  latitude  it  still  remained  to  deduce  the  S3  stem- 
atic  differences  between  the  mean  declination  systems  of  the 
consecutive  sets.  For  this  purpose  we  use  the  overlapping  ob- 
servations. Thus  for  set  I  and  set  II  the  mean  results  for  the  sey 
eral  nights  of  the  overlapping  period  were  united  into  two  gen- 
eral means.  The  general  mean  for  both  sets  therefore  corres- 
ponded ver>^  nearly  to  the  same  instant  of  time ;  and  the  differ- 
ence between  the  two  general  means,  taken  with  the  proper  sign, 
is  the  reduction  of  the  declination  S3*stem  of  set  II  upon  that  of 
set  L  Now  the  return  of  the  earlier  sets  at  the  end  of  a  year  en- 
ables  us  to  arrange  a  least-square  adjustment  of  the  reductions 
obtained  from  the  overlapping  observations.  Clearly  the  c^-clical 
sum  of  these  reductions,  beginning  and  ending  with  the  same  set, 
must  be  zero.  So  that  if  the  first  set  is  observed  again  at  the 
end  of  the  series,  we  have  a  conditional  equation  which  must  be 
exactly  satisfied  by  the  adjusted  values  of  the  reductions.  If 
the  obser^'ations  have  been  continued  more  than  a  year,  w*e 
shall  get  more  than  one  such  conditional  equation.  The  ob- 
serv^ed  value  of  the  cyclical  sum  may  differ  from  zero  b\'  several 
tenths  of  a  second.    Thus  the  German  observations  gave: 

Berlin,  Poifdain.  Prainic 

f/  ff  tt 

Set     I , I.  —0.43  —0.16 

Set  n n.  -0.41       —0.28       —0.12 

SetIIL» III.  —0.24  «-0.33  —0.25 

Set  IV IV.  —  0.16  —  0.36  —  0.27 

Set    v.... V.  —0.42 

The  agreement  of  these  values  must  be  due  to  a  cause  other 
than  accidental ;  and  Dr,  Kustner  has  pointed  out  that  an  in- 
crease of  Struve's  aberration  constant  of  0".07^  would  remove 
the  systematic  nature  of  these  discordances. 

A  solution  of  the  equations  for  each  station  having  been  made 
by  the  method  of  correlates,  the  final  adjusted  values  of  the  sys- 
tern  atic  reductions  are  obtained.  These  now  satisfy  exactly  the 
condition  that  all  the  cyclical  suras  are  zero.  But  it  should  be 
observed  that  a  rigid  discussion  of  the  observations  would  re- 
quire the  introduction  of  the  aberration  constant  as  an  un- 
known. Moreover,  the  cyclical  condition  assumes  that  there  is 
no  proper  motion  beyond  that  allowed  for,  and  furthermore 
takes  no  account  of  certain  other  possible  sources  of  discord- 
ance* 
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By  adding  the  successive  reductions  of  the  consecutive  declina- 
tion systems,  we  can  get  the  reduction  of  each  system  to  one  of 
their  number,  selected  as  standard;  or  if  desired,  to  a  system 
which  would  represent  the  mean  of  all.  After  the  application  of 
these  last  corrections,  we  may  regard  the  means  for  each  night  as 
free  from  the  uncertainty  of  the  declinations,  so  far  as  variation 
of  latitude  is  concerned.  The  final  results  so  obtained  showed 
that  at  Prague,  where  two  observers  took  part  in  the  work,  an 
appreciable  systematic  diflference  existed  between  them.  There  is 
no  very  apparent  explanation  of  this :  but  on  the  average  Profes- 
sor Weinek  made  the  latitude  0'M6  larger  than  Dr.  Gruss.  A 
correction  of  ±  O'^.OS  was  therefore  applied  to  these  observations, 
so  as  to  refer  them  all  to  the  mean  system  of  the  two  observers. 
The  final  results,  after  all  the  corrections  had  been  applied,  exhib- 
ited at  all  three  stations  a  variation  of  latitude  of  about  C.5,  as 
is  now  well  known. 

Before  closing  the  present  brief  account  of  the  German  obser- 
vations, attention  should  be  called  to  a  paper  by  Dr.  Kiistner* 
upon  the  determination  of  the  constant  of  aberration  by  means 
of  observations  with  the  zenith  telescope.  Dr.  Kiistner  pK>ints 
out  that  in  order  to  secure  the  simplest  conditions  for  obtaining 
both  the  variation  of  latitude  and  the  constant  of  aberration,  we 
should  select  only  four  sets,  each  of  which  may  extend  about  two 
hours  in  right  ascension,  the  mean  right  ascensions  being  at  about 
6^,  14**,  18**,  and  22**.  Such  an  arrangement  would  of  course 
necessitate  considerable  observing  after  midnight.  For  we  should 
have  to  observe  each  set  during  its  entire  period  of  visibility, 
beginning  with  observations  just  before  sunrise  and  ending  with 
observations  just  after  sunset.  But  we  would  only  have  to 
observe  during  two  hours  each  night,  except  during  the  over- 
lapping periods,  when  four  hours  would  be  necessary.  In  the 
latter  case,  there  would  always  be  an  opj>ortunity  for  rest 
between  the  first  two-hour  watch,  and  the  second  one.  If  two 
observers  are  to  take  part  in  the  work,  as  at  Prague,  it  would 
perhaps  be  more  convenient  to  have  them  observe  alternate 
sets,  instead  of  alternate  nights.  For  there  would  then  be  con- 
siderable periods  of  complete  rest  for  each  observer.  Of  course 
any  constant  personal^diiference  would  still  be  eliminated  from 
the  cyclical  sum: — in  fact,  the  reductions  of  the  consecutive 
declination  systems  would  include  any  such  personal  diflFerences. 
During  the  overlapping  periods  both  observers  would  of  course 
be  on  duty  each  night,  one  in  the  evening,  the  other  in  the  early 
morning. 

*  Astronomiacbe  NMcbricbten,  No.  3105. 


PHYSICAI.  OBSERVATIONS  OF  MARS.* 


Dftp  TBBBY,  tjoirtAtm,  Prjuick. 


I  impatiently  awaited  the  opptMiion  of  Mars  in  1888  to  try 
OD  tbis  planet  the  power  of  my  new  84Dch  equatorial  constructed 
by  Sir  Howard  Grabb.  Unhappily  the  small  altitude  of  the  star 
abore  the  borixoa  and  its  distance  did  not  permit  me  to  hope  for 
Ycry  complete  resnlts.  When  I  shall  have  added  that  during  the 
course  of  my  obscrrations,  the  most  detestable  atmospherical 
conditions  continued  to  prevail,  one  will  not  be  astonished  to  find 
the  facts  narrated  here  Terr  insignificant  in  comparison  with 
those  which  M,  SchiaparelU  has  verified  under  the  sky  of  Milan 
during  much  more  favorable  oppositions^  with  the  aid  of  an 
instrument  of  almost  the  same  size  and  an  incomparably  acute 
eye.  WhUe,  under  good  conditions,  the  Grubb  equatorial  has 
already-  supported  perfectly  a  power  of  about  650  diameters  in 
observing  Saturn  and  the  Moon,  for  example,  it  has  scarcely 
tolerated  the  power  of  280  diameters  during  this  unfavorable 
opposition  of  Mars.t 

During  the  course  of  the  observations,  important  news  arrived 
from  Nice,  where  M.  Perrotin,  aided  by  a  telescope  which  is 
surpassed  only  by  that  at  Mt.  Hamilton,  verified  some  most 
interesting  facts ;  these  facts  can  be  placed  in  three  categories : 
1st,  facts  relative  to  Libya;  2d,  presence  in  the  north  polar  spot 
of  a  black  streak  as  of  ink ;  3d,  verification  of  the  existence  of  the 
canals  and  of  their  doubling.  On  another  side,  M,  SchiaparelU 
wished  to  keep  me  posted  in  the  new  discoveries  which  he  made 
every  day  at  Milan  with  his  Merz  IS-inch;  I  learned  that  he  too 
saw  the  details  noted  by  M,  Perrotin.  And  at  Louvain,  on  my 
side,  by  the  aid  of  the  8-inch,  I  confirmed  the  existence  of  the  black 
thread  in  the  polar  spot,  that  of  a  great  number  of  canals,  and 
the  doubling  at  least  of  Phison.  I  also  observed  Libya  dis* 
tinctly.  In  proof  of  the  actuality  of  these  facts,  I  have  men— 
tioned  some  of  my  results  in  the  Coznptes  vendus^  in  del  et 
Tenv,  and  in  Flammarion's  rAstronomie. 

These  partial  and  scattered  notes  could  only  give  a  ver^^  incom — 
plete  idea  of  the  Louvain  observations;  six  drawings  (the  totaB^ 
number  published)  printed  in  FAstronomk  have  not  even  been  ac — 

*  Extract  from  Vol.  LL  of  Memosrts  couroaaes  et  Memolres  dcs  SMVMmtB  e»- 
trailers,  published  by  the  Royal  Academy  of  Sciences*  Letters,  and  Fine  Arts  c 
Belgium,    Translated  by  Roger  Sprag^ue.  ^ 

t  And  yet  Dr.  Terby  speaks  in  his  notes  of  having  used  S50  on  Mars,    Bvi-" 
dently,  his  meaniiig  here  is  not  clear*— Trans/a  tor. 
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companied  bj  a  note  as  to  the  days  and  hours;  further,  these 
drawings  do  not  represent  the  planet  as  it  was  really  seen,  but 
(to  reduce  their  number)  I  have  often  collected  the  details  fur- 
nished by  many  evenings'  observation;  whatever  may  be  their 
importance  in  verifying  the  maps  of  M.  Schiaparelli,  they  could 
not  serve  to  give  a  perfect  idea  of  the  restdts  obtained.  A  com- 
plete work  alone,  comprising  all  the  details  of  observations  made 
at  Louvain,  could  fill  these  deplorable  gaps,  and  that  is  the  object 
of  the  present  memoir. 

Our  principal  end  was  the  verification  of  the  admirable  maps  of 
M.  Schiaparelli,  maps  which  are  yet,  even  to-day,  it  is  necessary 
to  confess  with  regret,  the  object  of  an  entirely  unjustifiable  sus- 
picion. We  took  inspiration  from  the  principle  announced  by 
some  great  observers :  "  Often,"  they  say,  "  one  can  see  well  what 
one  especially  seeks;"  M.  Otto  Struve  would  probably  never 
have  discovered  the  Maia  nebula  with  the  aid  of  the  great  Pul- 
kowa  equatorial  if  he  had  not  been  forewarned  of  its  presence  by 
the  photographs  of  the  MM.  Henry,  and  if  he  had  not  sought  it 
with  attention.  Likewise,  we  have  sought  the  canals  of  Mars  in 
the  regions  where  we  knew  that  M.  Schiaparelli  had  proved  them 
to  exist;  we  have  taken  care  to  calculate  in  advance  the  ap- 
proximate longitude  of  the  central  meridian  for  each  observation, 
and,  map  in  hand,  we  have  patiently  and  obstinately  pursued 
these  very  difficult  details.  It  is  to  this  method,  we  do  not  hesi- 
tate to  say,  we  owe  our  partial  success.*  As  M.  Perrotin  himself 
says,  all  this  does  not  leap  to  the  eyes  even  in  the  largest  tele- 
scope; for  succeeding  here,  the  greatest  attention  and  persever- 
ance are  necessary.  With  still  more  reason,  the  observer  armed 
with  a  simple  8-inch  in  the  unfavorable  circumstances  which  we 
have  experienced,  would  be  discouraged  very  quickly  if  he  was 
not  sustained  in  advance  with  an  unbreakable  faith  in  the 
truth  of  the  Milan  results ;  this  faith  alone,  in  effect,  could  inspire 
him  with  the  perseverance  and,  I  may  say,  the  obstinacy  neces- 
sary. Furthermore,  prodigious  difficulties  are  a  great  help  to  in- 
credulity, and  it  is  permissible  to  believe  that  observers  provided 
with  adequate  means,  who  have  not  succeeded  in  seeing  the  can- 


•  The  translator  can  not  entirely  agree  with  this  principle.  The  first  time  I 
eTer  looked  at  the  Andromeda  nebala,  the  definition  was  perfect,  and  I  saw  the 
"  muiular  texture  "  of  the  principal  condensation  distinctly.  Yet  I  knew  nothing 
of  it  in  adyancc,  and  my  telescope  was  only  a  6-inch.  Such  excellent  obseryers  as 
Swift  and  Barnard  tell  me  that,  with  yery  much  larger  telescopes,  tfa^y  haye 
spedaDr  sought  for  this  granular  appearance,  and  haye  neyer  met  with  any  suc- 
cess. On  the  other  hand  I  may  say  that  in  obsenring  the  Moon  with  a  2-inch 
tdescope  I  neyer  saw  the  Hygines  and  Ariadaeus  rills  until  I  identified  their  places 
by  means  of  a  map.    Yet  Neison  calls  them  easy  objects  for  such  a  telescope. 


als  and  their  doubling,  have  often  abandoned  the  observation 
throue^h  lack  of  preliminary  confidence  or  of  anterior  knowledge 
of  the  details  sought  for. 

The  north  polar  spot  was  constantly  visible,  white,  brilliant^ 
and  reduced  to  very  small  dimensions;  at  times  when  the  defini* 
tion  was  best  and  especially  with  the  powers  450  and  650,  1  saw 
its  elliptical  form  perfectly  and  I  observed  that  this  ellipse  was 
entirely  on  the  interior  of  the  visible  disk,  tangent  to  the  limb. 

Towards  the  south  pole  a  marked  whiteness  always  prevailed; 
fiirther.  one  saw  appear,  from  time  to  time,  in  these  whitened  re- 
gions,  some  shining,  snowy,  well-defined  spots,  but  which  in  gen- 
eral I  did  not  believe  to  belong  to  the  south  polar  spot  properly 
so-called ;  these  are  explained  by  the  presence  of  special  regions 
which  shall  be  discussed  fnrther  on,  such  as  Hellas,  Argyre, 
Thyle,  Noachis(?),  Thaumasta  (?),  notably. 

Only  the  very  small  white  and  shining  spot*  entirely  like  a 
polar  spot,  observed  on  the  29th  of  April  to  the  south  of  the 
Kaiser  sea,  left  me  in  some  doubt  as  to  its  nature  and  perhaps 
made  parts  of  the  south  polar  spot  generally  invisible  in  1888; 
or  might  Novissima  Thyle  be  seen  there  in  spite  of  the  fact  that  it 
seemed  that  its  high  southern  latitude  should  remove  it  from 
sight? 

Let  us  pass  on  to  the  most  interesting  feature  offered  (in  1888) 
by  the  north  polar  spot,  a  feature  observed  independently  at 
Milan,  at  Nice,  and  at  Louvain;  I  refer  to  a  black  streak  divid- 
ing this  snow-cap  into  two  parts.  Here  are  the  observations 
which  I  have  been  able  to  make  by  the  aid  of  the  excellent  Gnibb 
instrument.  Even  before  the  12th  of  May  I  had  noticed  some- 
thing like  a  division  in  this  polar  spot ;  unfortunately  I  took  the 
fact  for  an  illusion  due  to  the  unsteadiness  of  the  image  and  I  did 
not  take  any  notes  concerning  it.  On  the  12th  of  May,  from 
gh  ;^5ni  ^Q  Qh  gm^  J  gjj^y  that  the  north  polar  spot  was  composed 
of  two  parts  separated  by  a  black  streak  as  of  ink ;  the  part  situ- 
ated on  the  side  towards  the  east  limb  (considered  geocentrically) 
was  smaller  than  the  other,  I  again  followed  the  polar  spot  from 
9^^  12"'  to  10^'  28"'  the  same  day,  and  the  little  satellite  spat's  mo- 
tion of  rotation  around  the  pole  was  very  sensible,  as  my  draw- 
ings show*  At  moments  the  black  thread  took  the  aspect  of  a 
black  point  isolated  in  the  midst  of  polar  snows.  At  9^  43"'  the 
center  of  the  satellite  polar  spot  reached  the  central  meridian ; 
we  find  in  this  manner  an  approximate  longitude  of  2<H'^,3  for 
its  center.  At  10^'  28"'  its  eastern  extremity  (seen  from  the  earth) 
was  near  the  central  meridian  which  gives  it  the  longitude  of 

ais'^.a. 

[to  BK  CONTIfnTBB.] 
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THE  PHYSICAL  NATURE  OP  SHOOTING  STARS  AND  AEROLITES.* 


W.  P.  DBNNINO.  Bnoland. 


D.  I.  M.  T6bar,  in  a  paper  on  Shooting  Stars,  Bolides  and  Aero- 
lites, presented  to  the  Astronomical  Society  of  the  Pacific  (**  Pub- 
lications, **  Vol.  Ill,  No.  19),  advances  the  following  theory  in  ex- 
planation of  them : 

"  Shooting  Stars  are  ball-lightnings  which  abound  in  the  upper 
regions  of  the  atmosphere  and  under  certain  conditions  their 
number  over  one  and  the  same  region  is  so  considerable  as  to  pre- 
sent the  appearance  of  a  shower." 

"When  these  lightnings  are  formed  in  the  lower  regions  of  the 
atmosphere  or,  in  the  case  of  their  descending  far  down  in  the 
S€une,  they  originate  the  so-called  bolides,  and  when  the  ball- 
lightning  darts  through  a  cloud  or  through  air  impregnated  with 
substances  lifted  up  from  the  surface  of  the  soil  and  scattered  in 
the  atmosphere  through  cyclones  and  hurricanes  or  volcanic 
eruptions,  their  effect  is  to  unite  all  those  substances  into  a  single 
mass,  thus  forming  the  meteorolite  or  aerolite.  Ball-lightnings 
and  rains  of  ball-lightnings  are  not  of  frequent  occurrence  in  the 
atmospheric  strata  immediately  above  the  surface  of  the  earth ; 
still  there  are  instances  of  both  kinds  of  phenomena." 

These  singular  conclusions  apparently  carry  us  back  to  the 
times  of  our  forefathers  and  recall  the  discarded  theories  of  a  past 
age,  but  Dr.  Tebar's  explanation  can  hardly  be  regarded  as  con- 
sistent with  present  knowledge;  indeed  there  are  several  objec- 
tions to  it.  Dr.  Tebar's  idea  that  the  shooting  stars  are  ball- 
lightnings  high  in  the  atmosphere,  w^hile  aerolites  are  formed  by 
substances  united  by  the  action  of  electricity  in  the  lower  part  of 
the  air,  implies  that  a  great  distinction  exists  between  these 
bodies,  whereas  no  such  distinction  appears  to  have  been 
observed.  It  is  highly  probable  that  shooting  stars,  bolides 
and  aerolites  are  precisely  similar  in  their  general  derivation  and 
constitution,  and  the  physical  aspect  they  present  is  entirel3' 
consistent  with  the  view  that  they  are  small  planetarj'  bodies 
undergoing  combustion.  There  are  considerable  differences  of 
size  and  differences  also  as  to  the  materials  in  their  composition. 
But  the  train  of  sparks  often  noticed,  the  expansion  which  occurs 
in  the  nucleus,  its  slackening  speed  due  to  atmospheric  resistance 
and  its  final  resolution  into  hot  ashes,  all  prove  that  a  meteor, 
whether  shooting  star,  bolide  or  aerolite,  is  formed  of  a  sub- 
stance which  is  partially  or  wholly  dissipated  under  the  action 
of  intense  heat. 

•  Communicated  by  the  author. 


The  telescope  supplies  us  with  similar  evidence  as*  to  the  char- 
acter of  the  shooting  stars  which  are  too  small  to  admit  of 
naked  eye  observation.  These  have  no  features  distinguishing^ 
them  from  the  brighter  class  except  such  as  arc  due  to  their  re- 
mote distance  from  us. 

The  radiant  points  of  meteor-showers  are  often  %nsible  in  the 
same  places  amongst  the  stars  for  long  periods,  and  this  pecuU- 
arity  is  quite  opposed  to  the  theory  that  meteors  have  their 
origin  in  ball-lightning*  The  radiant  of  a  shower  generated 
within  our  atmosphere  would  not  preserve  the  same  astronomi- 
cal position,  but  must  participate  in  the  rotation  of  the  earth. 
Nor  should  w^e  expect  the  '*  lightnings ''  to  recur  at  the  same  dates 
in  different  years  and  always  from  identical  points  on  the  celes- 
tial sphere. 

Many  circumstances  justify  the  commonly  accepted  view  that 
meteoi-s  are  planetary  bodies  entering  our  atmosphere  from  the 
outside  and  are  not  born  within  it  by  means  of  electricity.  Luke 
Howard,  the  meteorologist,  in  describing  a  considerable  shooting 
star  seen  by  him  on  July  29.  1813,  said,  **  the  impression  it  left 
on  my  mind  was  altogether  that  of  a  solid  ignited  projectile/* 
and  I  l>elieve  this  impression  contained  a  truth,  and  that  it  is  one 
often  received  bv  careful  observers. 

Bristol,  May  11,  1892. 


pHOTonKAPHic  AXD  VisrAL  MAGMTrDEs  OF  STARS,  From 
Nature  May  12»  1892,  the  following  is  taken  : 

**  At  the  Amsterdam  Academy  of  Sciences  on  April  2,  Professor 
J.  C,  Kapte3'n  communicated  the  results  of  an  investigation  of 
the  systematic  differences  between  the  photographic  and  visual 
magnitudes  of  stai*s  in  different  regions  of  the  sky.  The  compari- 
son  of  the  photographic  diameters  of  stars  of  equal  visual  mag- 
nitude (according  to  Gould  and  SchonfeUrs  estimations)  on  370 
plates  of  the  southern  sky,  shows  that  the  actinic  effect  of  stars 
\n  or  near  the  Milky  Way  is  much  greater  than  that  of  stars  in 
high  galactic  latitudes.  Professor  Kapteyn  has  examined  the 
different  causes  which  lead  to  this  variation.  There  is»  first  of 
all,  the  influence  of  different  meteorological  conditions;  next,  sys- 
tematic errors  in  the  catalogue  of  visual  magnitudes  used  for 
comparison;  and  thirdly.  |:)cculiarities  in  the  fight  of  the  stars. 
The  discussion  leads  to  the  conclusion  that  the  ditTerence  of  mag- 
nitude is  not  appreciably  affected  by  the  hrst  of  the  causes.  And 
since,  taking  everything  into  consideration,  the  errors  of  the  esti- 
mated visual  magnitudes  could  not  possibly  exceed  0.3  magni- 
tudes there  is  n*)  doubt  that  the  difference  of  half  a  magnitude 
or  more,  indicated  by  the  ph(Jtographs,  is  due  to  the  quality 
of  light  emitted.  It  is  said  that  Proftrssor  Pickering*s  idea  that 
the  Milky  Way  ought  to  be  considered  as  an  aggregation  of  stars 
di'  the  first  type  is  only  sufficient  to  account  tor  a  difference  of 
about  0.1  magnitude.  Thus  it  apfx^ars  that  the  light  of  stars  in 
or  near  the  Milky  Way,  like  those  of  group  IV,  is  richer  in  violet 
rays  than  that  of  other  stars* 
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ON  ELECTRICAL  DISCHARGES  THROUGH  POOR  VACUA,  AND  ON 
CORONOIDAL   DISCHARGES.* 


M.  I.  PUPIN. 


INTRODUCTION. 

The  behavior  of  electrical  discharges  through  poor  vacua  does 
not  seem  to  have  received  the  attention  of  experimental  investi- 
gators which  it  deserves.  This  may  seem  strange  in  view  of  the 
uncertainty  of  our  knowledge  of  the  process  by  which  the  trans- 
fer of  electricity  through  gases  takes  place.  Considering,  how- 
ever, that  it  was  generally  customary  to  employ  in  experimental 
investigations  of  this  kind  a  vacuum  jar  with  metal  electrodes 
in  connection  with  an  electric  generator  of  small  capacity,  it  is 
easily  explained  why  the  discharges  through  poor  vacua  should 
have  received  so  much  less  attention  than  the  discharges  through 
high  vacua  and  the  spark  discharges  through  gases  at  ordinary 
pressures.  Neither  the  vacuum  jar  nor  the  working  of  the  elec- 
tric generators  ordinarily  employed  admitted  of  rapid,  easily  ad- 
justable, but  essential  variations  in  the  conditions  of  the  experi- 
ment ;  as,  for  instance,  variations  of  the  size  and  shape  of  the 
electrode,  of  the  frequency  of  the  discharges,  of  the  strength  of 
the  electromotive  force,  etc.  But  as  I  shall  point  out  in  the 
course  of  this  paper,  it  is  through  these  very,  variations  that  cei^ 
tain  fundamental  features  in  the  character  of  an  electrical  dis- 
charge through  poor  vacua  are  brought  out  prominently. 

The  fact  that  electrical  discharges  in  poor  vacua  resemble  in 
many  characteristic  details  the  appearance  and  behavior  of  the 
solar  corona,  attaches  additional  interest  and  importance  to 
that  class  of  experimental  investigations  which  are  pointed  out, 
only,  in  this  paper.  Neither  time  nor  facilities  permitted  me  to 
aim  at  anything  approaching  completeness.  The  principal  aim 
in  my  presenting  this  paper  was  to  recommend  my  subject  and 
my  method  of  investigating  it  to  those  who  have  command  over 
a  larger  experience  and  skill  in  eA'perimental  investigations,  and 
who  also  have  more  leisure  and  greater  experimental  facilities 
than  I  could  even  pretend  to  possess. 


•  Read  before  the  National  Academy  of  Sciences,  Washington,  April  22, 1892. 
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lectrical  Discbarges  through  Poor  Vacua. 


DESCRIPTION'  OF  THE  EXPERIMENTAL   METHOD. 

A  brief  description  of  the  niethod  by  which  I  obtained  my 
vacuum  discharges  seems  in  place  now.  It  consists  in  producing 
an  electrical  current  in  a  vacuum  by  means  of  the  condenser 
effect  of  tinfoil  coatings  or  other  conductors  placed  on  the  out- 
side of  a  vacuum  jar. 
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The  following  experiment  whicli  I  performed  over  a  year  ago 
will  explain  my  meaning  more  fully.  The  poles,  /^  g  »(Fig.  7)  of  a 
small  Ritchie  induction  coil  are  connected  to  two  glass  beakers,  a 
6,  containing  water.  The  primary  is  fed  by  Vi  HP  alternator  ,4, 
giving  an  alternating  current  of  about  80  periods*  A  resistance 
box  Ry  regulates  the  strength  of  the  primar>'  current.  The  sj^eed 
of  the  motor  which  drives  the  alternator  regulates  the  periodic- 
ity of  the  current* 

A  vacuum  jar  c  d,  consisting  of  two  glass  bulbs  (each  about  8 
c.  m,  in  diameter)  connected  by  a  tube  of  narrow  bore,  was  im- 
mersed into  the  beakers,  one  bulb  in  one  beaker,  the  other 
into  the  other.  The  jar  contained  rarified  air  at  about  5  mm. 
pressure. 
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As  soon  as  the  bnlb  reached  a  certain  depth  a  discharge  took 
place,  producing  a  perfectly  steady  and  continuously  diflfused 
crimson  luminosity.  The  intensity  of  the  luminosity  increased 
with  the  increase  of  the  surface  of  contact  between  the  water  and 
the  bulbs.  The  same  eflfect  was  produced  by  substituting  aHoltz 
machine  for  the  induction  coil  and  the  alternator.  In  this  case 
the  effect  was  due,  of  course,  to  the  oscillations  produced  by  the 
spark  discharge  between  the  poles  of  the  machine.  The  two 
vacuum  bulbs  with  the  water  surrounding  them  act  like  two 
condensers  connected  in  series  by  the  narrow  tube.  It  seems 
superfluous  to  describe  the  obvious  experiments  which  I  had  to 
perform  to  prove  the  following  relation : 

The  intensity  of  the  luminosity  increases  with  the  condenser 
surface  of  the  bulbs,  with  the  frequency  of  alternations,  and  with 
the  effective  electromotive  force  of  the  charging  apparatus. 
Other  things  being  equal,  the  total  amount  of  light  produced 
will  increase  with  the  increase  of  the  conductivity  of  the  vacuum. 
This  relation  may  have  been  understood  before,  but  to  my 
knowledge  it  was  never  clearly  stated. 

The  luminous  effects  which  I  succeeded  in  producing  in  the 
manner  described  were  so  powerful,  that  I  thought  it  worth 
while  to  construct  an  electrical  lamp  on  this  principle.  I  men- 
tion this  for  the  purpose  of  pointing  out  that  this  method  of  pro- 
ducing very  powerful  vacuum  discharges  was  worked  out  by  me 
several  months  before  the  publication  of  Nikola  Tesla's  and 
Professor  J.  J.  Thomson's  magnificent  experiments.  A  consider- 
able number  of  results  which  I  obtained  in  my  experiments  are 
simply  repetitions,  on  a  small  scale,  of  the  results  obtained  by 
these  scientists.  There  is,  however,  one  line  along  which  there 
seems  to  be  but  very  few  points  of  contact  between  their  work 
and  mine.  This  line  runs  in  the  direction  of  investigating  the  re- 
lation between  the  character  of  the  discharge,  the  pressure  in  the 
vacuum,  and  theeff*ective  e.  m.  f.  which  produces  the  discharge. 
The  following  experiments  will  show  some  of  the  characteristic 
features  of  this  relation. 

ox   THE  CRITICAL  POINTS  OF  THE  DISCHARGE. 

A  vacuum  jar,  of  the  form  and  dimensions  as  given  in  Fig.  8, 
was  substituted  for  the  small  double  bulb  c  d  in  Fig.  7.  The 
bulbs  -4  and  B  were  totally  immersed  in  large  glass  beakers,  con- 
taining clear,  distilled,  acidulated  water.  The  air  pressure  in  the 
bulbs  was  a  little  less  than  2  mm.  Instead  of  a  small  alternator 
a  large  alternating  current  machine  fed  the  primary.    On  closing 


the  primary  circuit  the  discharge  between  the  bulbs  started  long 
before  the  resistance  box,  R,  indicated  that  the  e.m.f  in  the  sec- 
ondary coil  had  reached  its  maximum.  The  crimson  luminosity 
was  very  soft,  steady,  and  distributed  in  accordance  with  the 
distribution  of  the  potential  which  one  would  expect  in  an  elec- 
trical system  of  the  above  description.  Touching  the  narrow 
tube  at  any  point  increased  the  luminosity  below  the  point 
touched;  evidently  due  to  the  increase  of  the  static  capacity  at 
that  point.  Diminishing  gradually  the  e.mS.  the  luminosity  of 
the  discharge  diminished  with  it,  and  then  stopped  suddenly  as 
if  a  critical  point  had  been  suddenly  reached.  Reducing  the  e.ra.f. 
gradually  to  zero  and  then  gradually  increasing  it  again,  it  was 
found  that  the  discharge  would  cease  at  a  point  much  lower 
than  the  point  at  which  it  w^ould  start  again,  the  diiferencc 
between  the  two  points  diminishing  considerably  with  the 
rapidity  with  which  these  variations  were  made.  The  dis- 
charge will  start  at  a  much  lower  e.m.f  if  solicited ;  that  is  to 
say.  if  the  long  tube  is  touched  at  one  or  more  points.  A  wire 
bent  in  the  shape  of  a  Leyden  jnr  discharger  does  ver^'  good  ser- 
vice as  a  discharge  ** solicitor.  ** 

The  discharge  was  similarly  affected  by  varying  the  capacity. 
Performing  the  lastexperiment.but  with  the  small  vacuum  jar  Cf/ 
given  in  Fig.  7.  it  was  found  that  with  a  given  low  potential  the 
discharge  did  not  start  until  the  bulbs  c  d  had  reached  a  certain 
depth,  and  then  it  started  suddenly.  Raising  the  bulbs  grad- 
ually, and  therefore  diminishing  the  capacity,  the  discharge  he- 
came  fainter  and  fainter,  but  it  did  not  cease  until  the  bulbs  were 
entirely  lifted  out  of  the  water.  On  immersing  again,  the  dis- 
charge did  not  start  until  a  certain  depth  was  reached.  The 
depth  at  which  the  discharge  would  start  this  time  was  smaller 
than  in  the  first  case,  and  the  smaller  the  shorter  the  interval 
l>etween  the  time  of  taking  the  bulbs  out  and  immersing  them 
again.  This  difference  is  of  course  due  to  the  improved  con* 
ductivity  of  the  gas,  and  this  again  may  in  a  certain  measure  be 
iluc  to  the  rise  in  temperature  of  the  gas  on  account  of  the  heat* 
ing  effect  of  the  discharge;  but  only  in  a  small  measure,  tor  the 
bulbs  were  under  water,  so  that  the  rise  in  temperature  must 
have  been  very  small.  Besides,  heating  the  bulbs  with  a  Bunsen 
burner  before  immersion  did  not  diminish  the  depth  at  which  the 
discharge  would  start  nearly  as  much  as  a  previous  discharge 
would,  no  matter  ol  how  short  a  duration.  As  stated  above,  the 
discharge  may  be  started  far  below  the  critical  point  by  touching 
the  connecting  tube.    But  if  the  touch  lasts  only  a  very  short 
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time  (a  fraction  of  a  second)  the  discharge  ceases  as  soon  as  the 
touching  conductor  leaves  the  tube.  In  this  manner  the  vacuum 
tube  may  be  made  to  blaze  up  in  quick  succession. 

This  behavior  of  the  discharge  at  all  pressures,  but  very  much 
more  striking  at  pressures  higher  than  the  pressure  under  consid- 
eration, seems  to  support  the  dissociation  theory  of  Professor 
J.  J.  Thomson  (Pbil  Mag,,  1891,  Vol.  32,  pp.  329,  454,  455). 

n.    PHENOMENA    INDICATING  A  DISSOCIATION    OF   THE    MOLECULES. 

The  following  phenomenon  appears  to  be  an  additional  sup- 
port to  this  theory : 


A  close  inspection  of  the  discharge  going  on  in  the  bulbs  A  and 
B,  Fig.  8,  seemed  to  reveal  the  strange  fact  that  the  electrical 
flow  was  confined  to  a  thin  layer  of  the  rarified  gas  which  is  in 
immediate  contact  with  the  inside  surface  o^  the  bulbs,  especially 
when  the  e.m.f.  was  not  too  far  above  the  critical  point,  and 
therefore  the  supply  of  the  current  not  too  plentiful.  To  all  ap- 
pearances there  was  a  gliding  film  of  luminous  gas  in  each  bulb 
extending  from  the  mouths  of  the  connecting  tube,  spreading 
over  the  inside  surfaces,  and  ending  at  the  bottom  of  the  bulbs 
in  violently  agitated  luminous  clouds  which  gave  the  discharge 
a  hazy  appearance.  When  the  vacuum  was  very  good  both  the 
film  and  the  clouds  were  absent.    There  was  no  suggestion  of  a 
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ually  brought  back  to  its  original  value  the  discharge  diminished 
in  intensity  but  did  not  return  to  its  original  form  of  distribu- 
tion^ It  did  that  when  the  e.m.f.  was  considerably  lowered  be- 
low its  initial  value,  which  showed  that  the  original  distribution 
was  not  altogether  due  to  the  fact  that  at  any  moment  the  dens- 
ity of  the  electrostatic  charge  of  the  tinfoils  was  considerably 
larger  near  the  edges.  In  this  experiment,  as  well  as  in  the  pre- 
ceding one,  the  number  of  streamers,  their  definition,  their  quiv- 
ering motion,  and  their  preference  for  the  paths  along  which 
the  discharge  started  increased  with  the  increase  of  pressure  in 
the  vacuum.  A  discharge  (especially  in  vacua  of  poor  conduc- 
ti\'ity)  will  always  start  between  parts  of  highest  electrical 
density,  and  each  successive  discharge  prefers  the  passage  along 
the  path  of  the  first  discharge  on  account  of  the  increased  con- 
ductivity along  this  path. 

But  if  this  increase  in  the  conductivity  is  due  to  a  rise  in  the 
temperature  of  the  gas  along  the  path  of  the  first  discharge  and 
to  nothing  else,  how  can  the  fact  be  explained  that  a  long,  thin, 
discharge  streamer,  when  forced  through  a  poor  vacuum,  can 
be  maintained  steady,  and  permanent  in  form,  even  if  the  dis- 
charge continues  for  several  minutes?  It  should  broaden  out 
continually,  and  become  more  and  more  diffused  as  the  adjacent 
particles  of  the  air  get  heated.  In  my  experiments  on  solitary 
discharge  streamers  in  poor  vacua  (see  Amer.  Jour,  of  Science^ 
April,  1892),  1  did  not  observe  any  appreciable  widening  out, but 
I  did  observe  a  phosphorescent  halo  around  the  streamer  which, 
as  Professor  J.  J.  Thompson  assumes  (/.  c.)  was  very  probably 
due  to  dissociated  oxygen  molecules  that  were  ejected  from  the 
path  of  the  discharge.  (See  farther  below  the  effect  of  a  blast  on 
a  discharge  streamer). 

Still  another  experiment  which  shows  that  something  of  the 
nature  of  a  dissociation  of  the  gas  molecules  is  going  on  along  the 
path  of  the  discharge.  A  thick  German  silver  wire,  60  cm.  long, 
was  bent  zig-zag  fashion  into  12  zig-zag  parts,  and  placed  in 
horizontal  position  at  the  bottom  of  a  bottle  like  the  one  in  Fig.  9. 
A  wire  passing  through  a  rubber  stopper  in  the  neck  of  the  bot- 
tle connected  this  zig-zag  electrode  to  one  of  the  poles  of  the  in- 
duction coil.  The  other  electrode,  a  small  brass  sphere,  was  ver- 
tically above  the  zig-zag  electrode,  immediately  under  the  rubber 
stopper.  The  shortest  distance  between  the  two  was  about  30 
cm.  The  vacuum  was  about  3  mm.  The  discharge  started  be- 
tween the  nearest  points  of  the  electrodes,  that  is,  between  the 
lowest  point  of  the  sphere  and  one  extremity  of  '  '  ^  zag  elec- 


motion  on  the  part  of  the  gas,  and  the  discharge  had  a  clear  lum- 
inosity. To  study  this  phenomenon  more  closely  the  following 
experiment  was  performed: 

A  glass  bnlb»  a^  Fig.  9,  blown  out  at  one  end  of  a  thick  glass 
tube  of  narrow  bore,  was  filled  with  acidulated  water  and 
placed  at  the  centre  of  a  large  glass  bottle,  as  indicated  in  the 
figure. 
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A  wide  strip  (c  b)  of  tinfoil  was  placed  on  the  outside  of  the 
bottle,  covering  about  one-third  of  the  surface.  The  air  was  ex* 
hausted  through  the  tube  d,  until  the  pressure  was  about  3  mm. 
The  liquid  in  the  bulb  a  and  the  tinfoil  were  connected  to  the 
secondary  poles  of  the  induction  coil.  When  the  e,m.f.  was  not 
too  far  above  the  critical  point  the  discharge'  was  in  form  of 
^numerous,  quivering  streamers,  which  looked  like  the  generators 
of  a  conical  surface*  with  the  centre  of  bulb  a  as  vertex  and  the 
edge  of  the  tinfoil  as  directing  curve.  There  was  no  visible  dis- 
charge  between  the  bulb  and  the  central  parts  of  the  lintoiL 
But  the  discharge  spread  out  and  gradually  approached  these 
parts,  and  at  the  same  time  the  streamers  became  less  uumerotis 
and  steadier,  giving  the  discharge  a  more  diffused  appearance  as 
the  potential  gradually  increased.    When   the  e.m.f,   was  grnd- 
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ually  broaght  back  to  its  original  value  the  discharge  diminished 
in  intensity  but  did  not  return  to  its  original  form  of  distribu- 
tion^ It  did  that  when  the  e.m.f.  was  considerably  lowered  be- 
low its  initial  value,  which  showed  that  the  original  distribution 
was  not  altogether  due  to  the  fact  that  at  any  moment  the  dens- 
ity of  the  electrostatic  charge  of  the  tinfoils  was  considerably 
larger  near  the  edges.  In  this  experiment,  as  well  as  in  the  pre- 
ceding one,  the  number  of  streamers,  their  definition,  their  quiv- 
ering motion,  and  their  preference  for  the  paths  along  which 
the  discharge  started  increased  with  the  increase  of  pressure  in 
the  vacuum.  A  discharge  (especially  in  vacua  of  poor  conduc- 
tivity) will  always  start  between  parts  of  highest  electrical 
density,  and  each  successive  discharge  prefers  the  passage  along 
the  path  of  the  first  discharge  on  account  of  the  increased  con- 
ductivity along  this  path. 

But  if  this  increase  in  the  conductivity  is  due  to  a  rise  in  the 
temperature  of  the  gas  along  the  path  of  the  first  discharge  and 
to  nothing  else,  how  can  the  fact  be  explained  that  a  long,  thin, 
discharge  streamer,  when  forced  through  a  poor  vacuum,  can 
be  maintained  steady,  and  permanent  in  form,  even  if  the  dis- 
charge continues  for  several  minutes?  It  should  broaden  out 
continually,  and  become  more  and  more  diffused  as  the  adjacent 
particles  of  the  air  get  heated.  In  my  experiments  on  solitary 
discharge  streamers  in  poor  vacua  (see  Amer,  Jour,  of  Science, 
April,  1892),  1  did  not  observe  any  appreciable  widening  out, but 
I  did  observe  a  phosphorescent  halo  around  the  streamer  which, 
as  Professor  J.  J.  Thompson  assumes  (/.  c.)  was  very  probably- 
due  to  dissociated  oxygen  molecules  that  were  ejected  from  the 
path  of  the  discharge.  (See  farther  below  the  effect  of  a  blast  on 
a  discharge  streamer). 

Still  another  experiment  which  shows  that  something  of  the 
nature  of  a  dissociation  of  the  gas  molecules  is  going  on  along  the 
path  of  the  discharge.  A  thick  German  silver  wire,  60  cm.  long, 
was  bent  zig-zag  fashion  into  12  zig-zag  parts,  and  placed  in 
horizontal  position  at  the  bottom  of  a  bottle  like  the  one  in  Fig.  9. 
A  wire  passing  through  a  rubber  stopper  in  the  neck  of  the  bot- 
tle connected  this  zig-zag  electrode  to  one  of  the  poles  of  the  in- 
duction coil.  The  other  electrode,  a  small  brass  sphere,  was  ver- 
ticalh'  above  the  zig-zag  electrode,  immediately  under  the  rubber 
stopper.  The  shortest  distance  between  the  two  was  about  30 
cm.  The  vacuum  was  about  3  mm.  The  discharge  started  be- 
tween the  nearest  points  of  the  electrodes,  that  is,  between  the 
lowest  point  of  the  sphere  and  one  extremity  of  the  zig-zag  elec- 


trode.  It  had  the  form  of  a  band  about  3  cm.  wide,  intensely 
luminous  at  each  end.  but  onh'  very  faintly  luminous  along  the 
intervening  three-fourths  of  its  length.  The  length  of  the  less 
luminous  interval  increased  with  the  decrease  of  the  e,m,r,  but 
diminished  with  the  increase  of  the  gas  pressure;  it  also  seemed 
to  have  a  different  color,  but  I  did  not  care  to  examine  this  point 
more  closely.  The  phenomenon  that  interested  me  more  was  the 
gradual  creeping  of  the  discharge  along  the  zig-zag  electrode 
from  one  of  its  extremities  towards  the  other.  It  did  not  in- 
crease in  breadth  but  left  its  trail  along  the  zig-zag  electrode  in 
form  of  a  faintly  luminous  halo  which  surrounded  this  electrode 
just  like  a  narrow  luminous  tube,  Both  the  color  and  the  grad- 
ual lateral  motion  of  the  discharge  reminded  me  ver}^  much  of 
the  aurora  borealis  of  Feb,  13,  1892.  (In  this  connection  it  is 
well  to  remark  that  when  the  e.m.f.  is  below  the  critical  point 
this  auroral  discharge  can  be  started  by  powerful  disruptive  dis* 
charges  of  a  Leyden  jar  in  its  vicinity.  This,  in  connection  with 
observations  on  coronoidal  discharges  given  in  the  later  part  of 
this  paper,  may  perhaps  furnish  a  clue  in  tracing  the  connection 
between  Sun-spots  and  auroral  discharges.) 

in.    FHENOMEXA  INDICATING  A  TRANSLATIONAU  MOTION  OF  THE  GAS. 

An  interesting  phenomenon  was  ol>served  in  the  experiments 
with  bulbs  .4,  B,  Fig.  8»  when  the  vacuum  was  diminished  by 
turning  quickly  the  stop-cock  C  several  times  around.  The 
vacuum  pressure  was  about  2U  mm.  The  induction  coil  had  to 
be  strained  considerably  to  force  a  discharge  through  the  long 
glass  tube.  The  discharge  looked  like  a  luminous  jet  shooting 
from  the  tube  into  the  bulbs»  and  in  its  path  around  the  comers 
it  seemed  to  strike  against  the  necks  of  the  bulbs  at  a  and  /?, 
from  which  points  it  was  reflected  and  glided  along  the  surface 
towards  the  points  e  and  A  Inside  of  the  bulbs  the  jet  oscillated 
rapidly ;  it  was  also  split  up  in  several  parts,  each  part  consist- 
ing of  numerous  more  or  less  intense  streamers.  A  slight  modifi- 
cation in  the  curvature  of  the  necks  modified  the  general  outline 
of  the  luminous  jet  without  changing  its  general  character. 
With  the  increase  of  the  gas  pressure  the  phosphorescence  ap- 
peared and  seemed  to  be  strongest  at  a  and  6.  It  was  very 
strong  in  the  tube  C  leading  to  the  stop-cock,  although  this  tube 
was  entirely  free  from  the  discharge  proper.  The  height  to 
which  the  phosphorescence  rose  in  this  tube  increased  with  the 
current.  Every  slight  variation  in  the  current  strength  caused  a 
simultaneous  variation  in  the  height  of  the  phosphorescent  col- 
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umn  in  C.  (When  the  discharge  ceased  there  was  a  strong  phos- 
phorescent after-glow  all  along  the  long  tube).  A  similar  be- 
havior on  the  part  of  the  phosphorescent  gas  which  I  observed 
in  the  experiment  described  in  Amer.Jour.  of  Science,  April,  1892, 
leads  to  the  conclusion  that  the  phosphorescent  gas  must  have  a 
translational  motion,  due  to  its  being  ejected  from  the  path  of 
the  discharge  proper.  This  strengthened  my  belief  in  a  transla- 
tional motion  of  the  gas  along  the  path  of  the  discharge  proper, 
which  belief  was  due  to  the  phenomena  in  the  experiment  just  de- 
scribed. It  was  also  strengthened  by  the  phenomenon  observed 
in  the  experiment  described  by  me  in  the  paper  cited  above, 
the  phenomenon  namely,  that  a  discharge  streamer  made  to 
curve  way  out  (by  the  repulsive  action  of  another  parallel 
streamer),  so  as  to  strike  against  the  walls  of  the  vacuum  jar  will 
rebound  from  this  wall  just  as  a  curved  jet  of  water  would  if  it 
struck  against  a  rigid  surface.  In  another  experiment  w^ith  an 
apparatus  like  the  one  described  in  the  above  paper,  a  thin  rect- 
angular sheet  of  mica  was  suspended  between  and  parallel  to 
two  discharge  streamers,  and  it  was  found  that  it  prevented 
their  action  which  I  described  in  that  paper,  but  it  was  made  to 
swing  back  and  forth  as  if  acted  upon  by  a  wind  coming  from 
the  path  of  the  discharges.  This  action  was  hardly  perceptible  in 
high  vacua,  but  increased  quite  considerably  with  the  increase  of 
gas  pressure.  It  ma}',  however,  be  due  to  a  great  variety  of 
causes,  like  peculiar  distribution  of  pressures  due  to  a  peculiar 
distribution  temperature;  so-called  apparent  (in  my  case  contin- 
ually varying)  electrostatic  charge  over  the  surface  of  the  mica, 
etc. 

IV.     ox  COROXOIDAL  DISCHARGES. 

Wishing  to  perform  additional  experiments  which  could  throw 
some  more  light  on  this  particular  feature  of  discharge  I  con- 
structed the  apparatus  given  in  Fig.  10.  A  large  glass  bulb  was 
coated  with  tinfoil  along  those  parts  of  its  external  surface 
which  would  approximately  correspond  to  its  temperate  zones, 
its  neck  being  one  of  the  poles.  This  tinfoil  coating  had  a  wire,  g, 
attached  to  it  by  means  of  which  it  could  be  connected  to  the  pole 
of  the  induction  coil,  and  serve  as  an  electrode  of  the  bulb.  The 
other  electrode  was  a  brass  sphere  a  attached  to  a  brass  rod  b. 
This  brass  rod  was  surrounded  by  a  glass  tube,  cd,  and  the  space 
between  the  two  was  filled  with  sealing  wax.  In  this  arrange- 
ment the  pressure  could  be  varied  between  ver\'  wide  limits  (up 
to  about  100  mm.),  without  running  the  risk  of  refusal  on  the 
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part  of  the  induction  coil  to  force  a  discharge  through.  A  cam- 
era was  placed  in  front  of  the  bulb,  as  indicated  in  Fig,  10,  and 
the  discharges  photographed.  Figs.  1,  2,  3,  4-,  5,  6,*  are  photo- 
graphs of  the  discharges  obtained  in  this  manner,  but  in  various 
degrees  of  rarification. 


V 
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I  shall  discuss  the  discharge  given  in  Fig.  6  first.  In  this  case 
the  vacuum  was  very  poor  (about  GO  mm.  jiressure).  The  dis- 
charge started  in  the  form  of  four  large  streamers,  together  with 
a  very  large  number  of  short  luminous  jets  which  were  more 
or  less  uniformly  distributed  over  the  sphere.  In  consetjuence 
of  these  jets  tlie  appearance  of  the  sphere  reminded  one  very 
much  of  the  granular  structure  of  the  Sun's  disc  as  revealed 
by  Rutherfurd's,  Janssen*s,  and  Vogel's  photographs  of  the  Sun. 
Very  luminous  spots  appeared  from  time  to  time  at  several  points 
of  the  surface,  which  reminded  one  very  much  of  the  Sun's  fac- 
ul^e.  Both  the  jets  and  the  large  streaniet*s  rotated  rapidly. 
This  rotation  is  indicated  very  plainly  in  the  photograph;  for 
the  number  of  streamers  in  each  wing  represents  the  number  of 
maxima  in  the  alternating  discharge  during  the  time  of  the  ex- 
posure, which  was  a  small  fraction  of  a  second.  The  thickest 
streamers  indicate  the  place  where  the  discharge  started.  It  is 
evident  that  the  streamers  were  distributed  nearly  systemati- 
cally over  the  sphere  at  the  start  of  the  discharge;  and  that  then 
one-half  of  them  were  gradually  and  almost  uniformly  displaced 
*  Sc«  plate  fit  brginning  of  this  article. 
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in  the  direction  of  the  motion  of  the  hands  of  a  watch,  the 
other  half  in  the  opposite  direction.  The  peculiar  curvature  of 
some  of  these  streamers  indicates  the  presence  of  two  kinds 
of  motion, — one  a  translational  along  the  prolongation  of  the 
radii  of  the  small  sphere,  and  the  other  a  rotational.  It 
was  this  rotational  motion  which  led  me  to  assume  that  there 
must  be  some  sort  of  repulsive  action  between  the  streamers  of 
a  vacuum  discharge.  The  existence  of  this  action  was  demon- 
strated conclusively  by  the  experiment  described  in  the  paper 
cited  above.  Additional  researches  in  this  direction  lead  me  to 
the  conclusion  that  two  discharge  streamers  tend  to  blow  each 
other  out  owing  to  the  motion  of  the  cooler  gas  between  them, 
'this  motion  being  produced  by  the  enormous  heating  eftect  of 
the  discharge.  The  result  is  that  the  particles  of  the  gas  which 
at  any  moment  form  the  path  of  a  discharge  are  continually  dis- 
placed (particularly  in  a  discharge  through  a  poor  vacuum),  and 
since  every  successive  discharge  prefers  the  particles  through 
which  the  preceding  discharge  passed  (for  reasons  given  above), 
it  follows  that  a  sort  of  rotary  motion  is  set  up  in  the  various 
parts  of  the  discharge. 

An  additional  evidence  in  favor  of  a  translational  motion  along 
the  paths  of  the  streamers  is  furnished  by  the  fact  that  all  along 
the  inside  surface  of  the  large  glass  bulb,  which  is  below  the  tin- 
foil coating,  there  is  a  hazy  luminosity  which  increases  with  the 
increase  of  the  discharge,  and  which  to  all  appearances  is  due  to 
an  accumulation  of  incandescent  gas  molecules  which  had  im- 
pinged against  and  were  reflected  by  the  surface  of  the  bulb. 

If  the  inside  end  of  the  exhaust  tube  e,  Fig.  10,  is  lowered,  so 
that  it  reaches  the  region  of  the  discharge,  it  is  observed  that 
from  time  to  time  the  incandescent  gas  shoots  through  this  tube 
toward  the  stopcock  way  out  of  the  bulb. 

Effect  of  a  Blast  on  a  Discharge  Streamer.  Granting  that 
there  is  a  translational  motion  along  the  path  of  the  streamer  it 
follows  that  a  rectilinear  streamer  may  be  transformed  into  a 
curved  one  by  imparting  to  the  gas  in  each  part  of  its  path  a 
component  velocity  perpendicular  to  its  original  velocity.  This 
inference  was  confirmed  by  the  following  experiment : 

Two  bulbs  i4,  J5,(Fig.  11)  coated  with  tinfoil  on  the  outside  (the 
electrodes  of  the  system)  communicated  with  a  reservoir  (which 
I  call  the  principal  reservoir)  by  means  of  glass  tubes  6,  c,  of  nar- 
row bore.  An  L  shaped  tube  a  with  a  small  orifice  was  fitted 
by  means  of  a  rubber  stopper  into  the  neck  of  the  reservoir.  By 
means  of  this  tube  and  the  tube  d  the  principal  reservoir  com- 
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municated  with  two  other  reservoirs,  which  I  call  the  external 
reservoirs. 

The  externa/ neserro/V  connected  with  rf  communicated  with  a 
mercury  pump.  When  the  exhaustion  had  reached  the  point  at 
which  a  steady  rectiUnear  discharge  could  be  forced  from  b  to  c, 
a  stopcock  connecting  cf  to  its  external  reservoir  was  shut  off 
and  the  exhaustion  continued  until  a  good  vacuum  w^as  obtained 
in  the  external  reservoir  d.  The  discharge  was  then  started. 
It  was  a  perfectly  steady,  narrow,  rectilinear  column  of  crimson 
luminosity,  surrounded  by  a  phosphorescent  ellipsoidal  column. 


\ 
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But  as  soon  as  the  above  mentioned  stopcock  was  turned  on, 
the  blast  coming  from  the  orifice  a  played  up  the  column  and  the 
rectilinear  path  became  curved  at  the  point  where  the  blast  was 
acting.  The  discharge  acted  as  if  it  bent  around  to  get  out  of 
the  way  of  the  blast.  The  observation  that  the  effect  of  the 
blast  upon  the  phosphorescent  column  was  imcomparably 
stronger  than  upon  the  crimson  column  needs  no  comment.  The 
weaker  the  discharge  the  stronger  is  the  effect  of  the  blast,  and 
vice  versa.  The  effect  of  a  blast  upon  the  oscillatory  spark  dis- 
charge of  a  powerful  I^ydenjar  battery  is  not  perceptible. 
In  discharges  through  very  poor  vacua  the  heating  effect  is 
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very  unequally  distributed  throughout  the  vacuum  jar.  The 
temperature  at  certain  points  is  enormously  higher  than  at 
others.  The  result  is  that  a  very  violent  motion  of  the  gas  is  set 
up,  which  motion  may  sometimes,  on  account  of  the  eflfects 
pointed  out  in  the  last  experiment,  produce  streamers  of  double 
curvature. 

During  an  experiment  with  the  apparatus  given  in  Fig.  10, 
which  I  performed  on  Feb.  8, 1892,  before  the  astronomical  sec- 
tion of  the  New  York  Academy  of  Sciences,  a  leak  occurred,  so 
that  the  vacuum  was  exceedingly  poor  by  the  time  I  was  ready 
to  start  the  discharge.  Finding  that  the  discharge  gave  no  sign 
of  starting,  I  risked  to  turn  the  whole  power  of  the  10  H.  P. 
alternator  on  the  induction  coil.  Long  sparks  shot  immediately 
from  almost  every  point  of  the  edge  of  the  tinfoil.  The  discharge 
between  the  brass  sphere  and  the  tinfoil  looked  like  a  black-faced 
Medusa  with  fierj'  serpents  dancing  all  around  her  head.  On  re- 
peating this  experiment,  I  found  that  in  very  poor  vacua  the  dis- 
charge streamers  very  often  assume  the  form  of  spirals  of  very 
long  pitch. 

All  these  phenomena  suggested  to  my  mind  a  very  strong  simil- 
arity between  the  streamers  of  an  electrical  discharge  through 
poor  vacua  and  those  of  the  solar  corona,  and  for  the  purpose  of 
pointing  out  this  similarity  to  others  otherwise  than  by  verbal 
description  only,  I  resolved  to  photograph  these  discharges 
under  conditions  similar  to  those  under  which  the  solar  corona  is 
observed.    Photographs  1,  2,  3,  4,  5,  6  are  the  result. 

The  discharges  were  obtained  with  the  apparatus  given  in  Fig. 
10.  The  only  additions  were  that  a  circular  tinfoil  disc  was 
pasted  on  the  outside  of  the  large  bulb,  in  the  line  of  sight  be- 
tween the  camera  and  the  brass  sphere  A,  The  diameter  of  this 
disc  was  about  equal  to  that  of  the  brass  sphere.  Also,  the  in- 
side surface  of  the  large  bulb  which  formed  the  background  of 
the  brass  sphere  was  blackened  by  means  of  camphor  smoke,  to 
avoid  reflections.  The  discharge  in  Fig.  1  is  that  of  a  good 
vacuum  (about  2  mm.) ;  the  succeeding  ones  represent  discharges 
in  poorer  vacua,  the  pressures  var^'ing between  2mm.  and  60mm. 

The  bearing  which  these  experimental  results  may  have  upon 
the  theory  of  the  Solar  Corona,  I  prefer  to  leave  to  others  to  de- 
cide. That  they  may  prove  a  suggestive  guide  in  the  study  of 
solar  phenomena  seems  not  unreasonable  to  expect. 

I  am  greatly  indebted  to  Professor  John  K.  Rees  for  the  interest 
which  he  took  in  my  work,  and  to  Mr.  Mann,  of  the  Columbia 


College  Observatons  for  the  ver\'  valuable  ser\nce  which  he  ren- 
dered  to  me  in  photographing  the  coronoidal  discharges. 
Department  of  Electrical.  Englneerlno, 
Columbia  College,  March  31,  1892. 


ON  THE  LINE  SPECTRA  OF  THE  ELEMENTS  * 


C.  RITNGE 


The  distribution  of  the  lines  in  the  spectra  of  the  elements  is  by 
no  means  so  irregular  as  it  might  seem  at  first  sight.  Since 
Lecoq  de  Boisbaudra:!,  hi  1869,  discovered  the  general  plan  in 
the  spectra  of  the  alkali  metals,  a  number  of  interesting  facts 
have  been  brought  to  light,  which  will  probably  one  of  these 
days  find  their  mechanical  explanfition,  and  will  then  greatly  ad* 
vance  our  knowledge  of  the  molecules. 

Mechanical  explanations  of  some  of  the  facts  have  l^een  at* 
tempted  alread\\  Lecoq  de  Boisbaudran  explains  the  fact  that 
the  rays  of  the  alkali  metals  are,  on  the  whole,  less  refrangible 
the  gieater  the  atomic  weight,  by  observnng  that  the  oscillations 
of  a  body  suspended  in  a  given  elastic  medium  will  become  less 
frequent  when  the  mass  of  the  body  is  increased.  This  explana- 
tion, however,  seems  to  me  to  remain  rather  vague  and  unsati 
factory  as  long  as  it  does  not  lead  to  any  numerical  results  that 
agree  with  the  observations.  Taken  literally,  it  makes  the  oscil- 
lation-frequency  in%'ersely  proportional  to  the  square  root  of  the 
atomic  weight,  which  is  lar  from  being  the  case. 

A  second  well-estiiblished  fact  has  received  different  explana- 
tions by  Juliust  and  by  Johnstone  Stoney.?  It  has  long  been 
observed  b}'  Hartley  that  in  the  spectrum  of  several  elements  a 
number  of  doublets  or  triplets  of  lines  appear,  the  oscillation- 
frequencies  in  each  doublet  or  triplet  differing  by  the  same 
amount.  Recent  measurements  by  Professor  Kayser  and  myself 
have  confirmed  this  observation.  Julius  believes  that  this  phe- 
nomenon is  due  to  a  cause  analogous  to  the  combination  tones  in 
the  theoiy^  of  sound. 

If  two  rays*  with  oscillation-frequencies  '*,  /^,  combine  with 
other  rays,  p,  q,  r,  s,  to  oscillation-frequencies 

p-hiS       q  +  P     r  +  3       «-f/f. 

•  Saturc,  April  28,  1802. 

t  Julius,  Annates  de  VEcok  Polrtechnique  de  Delfi,  tome  v.  (18SJU. 

t  Stoncv,  Trails,  of  the  Roy.  Dtiblin  Soc.,  vol.  iv.  (1891). 
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the  same  difference  a  —  p  will  occur  several  times.  That  the 
doublets  under  consideration  are  in  many  cases  remarkably 
strong  is  accounted  for  by  the  fact  that  the  intensity  of  the  com- 
bination tone  is  proportional  to  the  product  of  the  intensities  of 
the  primary  tones,  so  that  it  must  become  very  strong  when  the 
amplitude  of  the  primary  tones  is  sufficiently  increased. 

Johnstone  Stoney  gives  a  different  explanation  of  the  doublets. 
He  supposes  that  the  path  of  the  molecule  from  which  light  em- 
anates is  an  ellipse,  which  by  disturbing  forces  is  gradually 
changed,  and  he  shows  that  on  this  supposition,  instead  of  one 
ray,  two  rays  or  more  would  originate,  and  the  oscillation- 
frequencies  of  these  rays  would  differ  by  an  amount  depending  on 
the  rate  of  change  of  the  ellipse.  If  now,  instead  of  the  ellipse, 
the  path  of  the  molecule  is  any  other  curv'c,  it  can  be  considered 
as  consisting  of  a  number  of  superposed  ellipses,  all  of  which 
change  in  the  same  way  on  account  of  the  disturbing  forces.  To 
each  of  the  ellipses  a  doublet  of  lines  corresponds,  and  the  oscilla- 
•ton-frequencies  of  each  doublet  differ  by  the  same  amount.  In 
this  explanation  I  do  not  understand  the  decomposition  of  the 
arbitrary  curve  in  a  series  of  superposed  ellipses.  For  the  move- 
ment is  supposed  not  to  be  periodical,  and  Fourier's  theorem 
then  would  not  apply,  at  least  the  periods  of  the  superposed 
ellipses  would  not  be  definite,  as  long  as  there  are  no  data  except 
the  arbitrary-  curve  itself. 

Besides,  both  Johnstone  Stoney  and  Julius  only  try  to  explain 
one  of  a  number  of  regularities  that  have  been  observed  in  the 
spectra  of  the  elements.  A.  plausible  suggestion  about  the  move- 
ment of  the  molecules  ought  to  explain  more  than  one  of  the 
observed  phenomena.  I  think  it  may  be  useful  to  point  out  the 
other  regularities  that  have  been  observed  in  the  distribution  of 
lines,  and  for  which  as  yet  no  mechanical  explanation  has  been 
attempted. 

(1)  The  doublets  and  triplets  exiisting  in  the  spectrum  of  an  ele- 
ment can  be  arranged  in  series  which  show  an  appearance  of 
great  regularity.  These  series  seem  to  be  analogous  to  the  over- 
tones of  a  vibrating  body.  But  they  possess  a  remarkable  peculi- 
arity, which,  as  far  as  I  know,  is  without  analogy  in  the  theory 
of  sound.  The  difference  of  two  consecutive  oscillation-frequencies 
decreases  as  these  increase,  and  there  seems  to  exist  a  finite  limit 
to  the  oscillation-frequencies  of  a  series.  If  n  represents  integer 
numbers,  the  oscillation-frequencies  of  a  series  may  with  great  ac- 
curacy be  represented  by  the  formula— 

A  — Bn-'— Cn-\ 


where  A,  B,  C  are  positive  constants.  B  has  nearly  the  same 
value  for  all  the  series  of  the  different  spectra.  A  is  the  limit 
towards  which  the  oscillation-frequency  tends,  when  n  increases. 

(2)  For  elements  that  are  chemically  related,  the  series  are  dis- 
tinctly homologous,  both  in  appearance  of  the  lines  and  in  the 
values  of  A»  B,  C,  and  with  increasing  atomic  weight  shift 
towards  the  less  refrangible  end  of  the  spectrum.  Homologous 
series  have  been  obser^-ed  in  the  following  groups  of  elements ; — 

Lkhium,  sodium,  potassium,  rubidium,  caesium; 

Copptrr,  silvtr; 

Mfignesium,  calcium,  strontium ; 

Zinc,  cadmium,  mercun^ ; 

AIu minium t  indium,  thallium. 

In  the  first  two  and  in  the  last  group  the  series  consist  of 
doublets,*  while  in  the  remaining  two  groups  they  consist  of  trip- 
lets. Thus  we  may  say  that  the  spectrum  shows  a  relationship 
between  the  elements  similar  to  that  between  their  chemical 
properties.  It  is  interesting  to  note  that  magnesium  forms  a 
group  with  calcium  and  strontium,  and  appears  more  nearly  re- 
lated to  them  than  to  zinc,  cadiuni,  and  mercury. 

(3)  The  doublets  and  triplets  in  each  group  broaden  as  the 
atomic  weight  increases.  In  the  first  group  the  difference  of 
oscillation-frequencies  is  nearly  proportional  to  the  square  of  the 
atomic  weight.  The  constant  difference  of  the  oscillation- 
frequencies  in  the  doublets  and  triplets  may  also  be  noted  in  the 
values  of  A,  B»  C.  For  a  series  of  doublets  or  triplets  w^e  have 
tw^o  or  three  different  values  of  A,  but  only  one  value  of  B  anti 
one  value  of  C. 

(4)  In  each  of  the  spectra  of  sodium,  potassium,  rubidium,  and 
caesium,  a  series  of  doublets  has  been  observed,  in  which  the 
oscillation-frequencies  do  not  differ  by  a  constant  amount,  the 
difference  diminishing  inversely  proportional  to  n*.  For  these 
series  A  and  B  have  only  one  value  each.  The  least  refrangible 
doublet  of  the  series  has  the  same  difference  of  oscillation-frequen- 
cies as  the  doublets  in  the  other  series  of  the  same  element.  In 
the  spectrum  of  lithium  there  is  a  homologous  series  of  single 
lines.  All  the  lines  of  these  series  have  the  same  character;  they 
are  strong  and  easily  reversed,  and  in  all  of  them  the  first  doub- 
let is  situated  on  the  less  refrangible  side  of  the  spectrum,  and  all 
the  others  in  the  violet  and  ultra-\iolet.  The  series  shift  towards 
the  less  refrangible  side  with  increasing  atomic  weight. 

For  further  details   the   reader  is   referred    to  the   following 
I  ♦  Lithium  has  here  to  be  eitcepted,  whose  linei  arc  all  single. 
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memoirs: — Kayser  and  Runge,  **Ueber  die  Spectren  der  Ele- 
mente,"  AbbandL  der  Berl.  Akademie,  1890-92;  Rydberg, 
"Recherches  sur  la  constitution  des  spectres  d'^mission  des  fle- 
ments  chimiqnes,"  KongL  Svenska  Vetenskaps-Akadetniens 
Handlingar,  Bandet  23,  No.  11,  1890. 
Hannover,  Germany. 


ON    THE    LARGE    SUN-SPOT   OF    1892,    FEBRUARY    5-18,    AND    THE 
ASSOCIATED  MAGNETIC  DISTURBANCE.* 


As  the  large  spot  seen  on  the  Sun  1892,  February  5-18,  was  the 
largest  which  has  been  photographed  at  Greenwich,  and  as  its 
presence  appears  to  have  been  associated  with  a  great  magnetic 
disturbance,  some  particulars  may  be  of  interest,  though  they 
must  necessarily  be  imperfect  pending  the  arrival  of  photographs 
from  India  and  Mauritius  to  supplement  the  Greenwich  series. 

At  Greenwich  photographs  of  the  Sun  were  obtained  on  five 
days  during  the  first  appearance  of  the  group,  viz.  on  February  5, 
13,  16, 17  and  1 8 ;  and  up  to  the  present  time  on  three  days  dur- 
ing its  second  appearance,  viz.  on  March  5,  7  and  8.  The  follow- 
ing table  gives  the  heliographic  coordinates  of  the  center  of  the 
great  spot,  and  the  total  area  of  the  entire  group,  expressed  in 
millionths  of  the  Sun's  visible  hemisphere,  for  each  day  of  observa- 
tion during  its  first  appearance : 


Feb. 


The  great  spot  was  on  the  central  meridian  February  11,  22^ 
G.  C.  T.  On  February  13,  when  the  group  was  best  seen,  being 
then  nearer  the  center  of  the  disc  than  on  any  of  the  other  days 
of  observation,  the  group  extended  in  heliographic  longitude  from 
270°  to  245°,  a  length  of  25° ;  and  in  heliographic  latitude  from 
23°  S.  to  33°  S.,  a  breadth  of  10°.  The  principal  spot  of  the 
group  had  a  length  of  14°,  from  263°  to  249°,  and  a  breadth  of 
8°,  from  25°  S.  to  33°  S. 
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•  Monthly  Notkes,  March  1892.    Comrannicated  by  the  Astronomer  Royal. 
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The  group  had  greath'  diminished  in  area  when  it  reappeared 
on  the  east  limb  on  March  5. 

The  following  table  gives  the  position  of  the  prineipal  spot  and 
area  of  the  entire  group,  as  observed  up  to  the  present  time,  dur- 
ing Its  second  appearance:— 


Mar. 


h     m 
5  9  St 

7  9  54 


DlMlatict*    P  OR  It  ton- 
from  Ohtro     Ad>£|« 
}n  twriflh 


HdloRrntihlc 


Hiitlliifl, 


from 


froiu  fis>m 

f>iitrii1  Prtnift 

MerldlAii.  3klt«rt(lUu, 

—  68.4         250.9 
^  42,4         250.4 

-  28.5         250.8 


Liif4 


IV  bole 
titibriL.  StM>t. 


It  will  be  seen  that  the  group  has  greatly  diminished  in  area  dur- 
jg  the  fortnight  in  which  it  was  on  the  iurther  side  of  the  Sun, 
There  seems,  however,  a  slight  tendency  to  increase  again,  espec- 
ially with  regard  to  the  principal  spot»  the  are<i  of  which  rose] 
from  101  on  March  5  to  3G9  and  448  on  March  7  and  8.  The 
great  spot  has  undergone  but  little  change  of  place  during  the  in- 
terval, for  its  latitude  has  remained  practically  unchanged,  and 
though  its  longitude,  as  computed  with  a  sidereal  period  of  25.38 
days,  appears  to  show  a  slight  diminution,  this  is  due  to  the  rota- 
tion period  of  the  Sun  being  longer  for  high  latitudes,  the  rota- 
tion period  adopted  corresponding  to  a  latitude  of  £4 bout  15'\ 

A  great  magnetic  disturbance  accompanied  by  an  aurora^  oc- 
curred on  1892,  February  13-14,  commencing  about  a  day  after 
the  large  spot  was  on  the  central  meridian  of  the  Sun*8  disc. 
The  following  particulars  have  been  drawn  up  by  Mr,  Ellis: — 

The  magnetic  disturbance  commenced  in  all  elements  on  Febru- 
ary 13  at  5^*  32"S  Greenwich  Civil  Time,  by  a  sudden  increase  of 
declination*  horizontal  force,  and  vertical  force,  accompanied  by 
strong  manifestation  of  earth  currents.  Large  motions  were 
registered  in  all  elements;  between  FebruarN'  13,  19^,  and  Febru- 
ary 14,  3*',  they  were  unusually  large,  amounting  to  more  than 
1^^  in  declination,  the  trace  having  passed  off  the  sheet  for  one 
hour  shortly  after  midnight.  In  horizontal  force  the  disturbanccJ 
exceeded  0.029  of  the  whole  horizontal  force,  the  trace  havinyi 
similarly  passed  off  the  sheet  for  nearly  half  an  hour  at  about  22**, 
and  afterw^ards  for  more  than  IVz  hours  from  shortly  before  I*'  to 
2H'\  In  vertical  force  the  disturbance  was  also  great,  the  trace 
having  gone  off  the  sheet  in  the  direction  of  increasing  force  from 
14Vi*'  to  19'*,  and  in  the  direction  of  decreasing  force  from  Oi/^**  ta- 
2'';  the  motion  probably  exceeded  0.020  of  the  whole  vertical 
farce.     The  disturbance  ceased  on  the  evening  of  February  14. 
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An  aurora  was  seen  at  Greenwich  between  0**  and  1**,  by  Mr. 
McClellan. 

The  disturbance  compares  in  magnitude  with  those  of  1882 
April  and  November,  the  registered  motions  being  large  in  all  ele- 
ments on  all  three  occasions.  The  disturbance  of  1882,  Novem- 
ber, was,  however,  extreme,  the  motions  then  registered  being 
apparently  in  excess  even  of  those  of  1882  April  and  1892  Febru- 
ary. 

The  following  table  shows  how  the  recent  disturbance  com- 
pares with  previous  ones  recorded  since  the  commencement  of  the 
Greenwich  series  of  solar  photographs  in  1873. 

Particulars  oi   Magnetic  Disturbances  from  the  Photographic 
Registers  at  the  Royal  Observatory,  Greenwich. 
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In  the  column  ** Character  of  Disturbance'*  m  indicates  mode- 
rate; c,  considerable ;  and  ^  great. 

The  amplitudes  in  the  case  of  Horizontal  Force  and  Vertical 
Force  are  given  in  parts  of  these  forces  respectively. 

The  sign  +  attached  to  a  measure  indicates  that  the  spot  of 
light  passed  beyond  the  limit  of  registration. 

Most  of  these  magnetic  disturbances  occurred  when  an  excep- 
tionally' large  spot  was  visible  on  the  Sun  near  the  center  of  the 
disc,  or  about  the  time  of  some  great  change  in  a  Sun-spot. 

Royal  Observatory,  Greenwich,  1892,  March  11. 

ADDENDUM. 

Since  this  note  was  drawn  up,  Mr.  Maunder  has  found,  from 
an  examination  of  the  photographs  at  Greenwich,  that  this  Sun- 
spot  appeared  on  the  Sun  on  1891  November  15,  when  it  came 
into  view  close  to  the  east  limb  as  a  spot  of  considerable  size.    It 


was  also  photographed  at  its  appearances  in  December  1891  and 
Jannary  lS92t  so  that  it  has  j>ersisted  through  five  rotations, 
with,  however,  a  remarkable  progressive  drift  in  latitude  from 
about  17*^  S.  to  30"^  S.  Several  magnetic  disturbances  have  oc- 
curred during  its  presence  on  the  Sun.  three  being  subsequent  to 
that  on  February  13,  described  above,  viz.:  March  1''  0'*  to  16'' 
(moderate),  0°  45'  in  declination  ;  March  6''  9**  to  7^&'  (consid- 
erable). 0' 50' in  declination;  March  11*»  10'' to  13^  3'*  (great), 
1^  15'  in  declination, 
Royal  Observatory,  Greenwich,  1892,  March  25, 


ON   A   REMARKABLE  PROMINENCE/ 


H.  DESlLANDRES. 

On  March  3  I  observed  a  prominence  remarkable  for  its  briU 

mcy  and  radial  velocity,  which*  moreover,  belonged  to  the 
region  of  the  Sun  occupied  liv  the  great  spot  of  last  month  (Feb- 
ruary). By  the  rotation  of  the  Sun  this  region  had  arrived  at 
the  eastern  limb  on  the  day  in  qnestion. 

At  10''  12"'  A.  u„  I  was  struck  while  examining  the  chromo- 
sphere by  the  unusual  brilliancy  of  the  hydrogen  and  helium  ra- 
diations at  96'^  from  the  north  point  of  the  Sun.  The  lines,  with 
a  narrow  slit,  had  the  form  of  a  widely  opened  fan :  the  disjjlace- 
ment  was  greatest  on  the  side  toward  the  red,  and  corresponded 
to  a  radial  velocity  of  20  km.  per  second.! 

I  immediately  had  recourse  to  a  photographic  spectroscope 
which  gave  me  tlie  radiation  of  the  prominence  in  the  invisible 
ultra-violet  region,  and  furnished  nn  exact  image  which  could 
afterwards  be  examined  at  leisure,  I  hnve  the  hfinor  to  present 
to  the  Acadenw  the  series  of  photographs  obtained.  These  arc 
the  first  photographs  which  have  been  made  of  these  curious 
solar  phenomena,  which  are  rare  and  of  short  duration. 

In  the  region  of  the  phntogra|jh  between  wave-length  400  and 
w*ave-length  360,  the  radiation  of  the  prominence  is  remarkable. 
The  H  and  K  lines,  attributed  to  calcium  are  extraordinarily 
brilliant;    moreover   the  entire  series  of  ultra-violet    hydrogen 

•  Comptes  rcndtis,  March  14,  1892. 

t  Widening  of  lines  way  result  in  pari  irctm  other  causes,  lor  example,  n  f^ttnt 
elevntifiri  ol  tem|)craturr:  but,  m»  lines  \%*hicli  jire  always  narrow  imder  ordinorv' 
circumstivnces.  siicli  as  llic  line  ol  bcHuiii,  were  imhicled  nmong  ihusc  widenett, 
this  cxplaiifition  is  not  the  mf»st  (jruliable  one.  In  any  cn&e  the  m«^nittii1e  of  i\vc 
phenurnenmi  is  sinipiy  and  completely  exfiressed  in  Ir^vtionsol  wavc-lrngtlis  or  in 
kilometres. 


mi 
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lines,  which  is  obtained  complete*  for  the  first  time  in  the  Sun,  is 
clearly  shown;  it  is  curious  to  find  this  characteristic  series  of  the 
white  stars  in  the  atmosphere  of  a  yellow  star.  Other  lines  not 
before  recognized  in  the  chromosphere  may  be  added — the  mag- 
nesium triplet  at  X  383t,  and  the  lines  /  375.93,  A  376.14,  /1 368.53, 
which  have  not  been  identified  with  any  known  element,  and 
may  furnish  valuable  suggestions  to  chemists  in  the  investiga- 
tion of  new  elementary  bodies  of  low  atomic  weight. t 

Moreover,  the  widening  observed  on  the  bright  lines  was  also 
found  in  the  ultra-violet  spectrum;  in  certain  parts  of  the  nega- 
tive a  continuous  spectrum  is  shown,  which  corresponds  with 
the  brightest  part  of  the  prominence. 

At  10**  30™  the  brilliancy  of  the  prominence  had  greatly  dimin- 
ished; the  lines  no  longer  showed  the  fan-shaped  widening,  but 
they  presented  a  marked  inclination  as  compared  with  the  lines 
at  the  center  of  the  disc. 

The  various  parts  thus  had  a  different  radial  velocity,  by  the 
strict  application  of  Fizeau's  principle;  this  indicates  a  vortical 
motion,  at  least  when  the  inclination  persists  for  a  considerable 
time.  But  this  question,  which  is  a  verj'  important  one,  will  be 
more  fully  developed  later. 

These  observations  and  results  show  clearly  that  the  region  of 
the  great  spot  is  still  one  of  great  activity,  after  an  entire  rota- 
tion ;  they  should  be  compared  with  a  similar  observation  made 
by  M.  F^n\n,  director  of  the  Kalocsa  Observatory,  on  Feb.  19, 
when  the  spot  passed  over  the  western  limb. 

On  March  3  the  observations  were  interrupted  in  the  afternoon 
by  bad  weather;  but  on  March  4th  and  5th  the  presence  of  active 
incandescent  masses  at  the  same  point  on  the  limb  could  still  be 
observed,  after  the  debris  of  the  great  spot  had  passed  over  the 
eastern  limb.  Moreover,  the  surroundings  of  the  spot  and  the 
entire  disc  have  been  studied  b}-  the  new  photographic  method 
mentioned  in  a  former  *note,'  which  permits  the  detection  of  the 
incandescent  gaseous  masses  projected  on  the  disc. S  A  continuous 
series  of  prominences  surrounding  and  preceding  the  spot,  and 

•  Dr.  Huggins'  ten  lines  are  clearly  shown,  and  others  more  refrangible  are 
snspected. 

t  This  triplet,  according  to  the  recent  investigations  of  MM.  Kayser  and 
Runge.  belongs  to  a  hydrogen  series  other  than  that  of  the  green  group  b  of 
magnesium,  and  even  stronger. 

X  The  six  preceding  lines  were  also  obtained  in  a  prominence  on  Feb.  19,  oc- 
cupving  the  same  region  of  the  Sun  on  the  eastern  limb  at  noon,  Paris  Meax 
Time. 

§  Thesclast  photographs  have  been  obtained  with  the  aid  of  mv  assistant, 
M.  Mittau. 


forming  thus  a  rentable  ring  on  the  sutface  of  the  Sun,  has  been 
obtained  in  this  manner. 

On  Alarch  3,  at  the  moment  of  the  appearance  of  the  great 
spot  I  the  curves  of  the  magnetic  recorders  of  the  Observator\% 
which  M,  Wolf  has  kindly  placed  at  my  disposal,  indicated  no  ex- 
ceptional deviation  of  the  magnetic  needk\ 

Paris  Observatory,  Paris,  France. 


THE  NEW  STAR  IN  AURIGA; 


AGNBS  M«  CLERK B. 

Through  the  modest  medium  of  an  anonymous  post-card,  an 
event  of  high  importance  to  astro-physical  science  was,  on  the 
Ist  of  February  last,  announced  to  Dr.  Copeland,  the  Scottish 
astronomer-royaL  This  was  nothing  less  than  the  outburst  of 
a  new  star  in  the  Milky  Way,  Now  such  apparitions  are  not  too 
common,  and  they  are  always  short-lived.  About  a  score  of 
them  have  been  credibly  recorded  during  two  thousand  years,  be- 
ginning with  the  star  which,  according  to  Pl-m-,  determined 
Hipparchus  upon  the  construction  of  his  epoch*making  cata- 
logue. And  the  *' modern  Hipparchus'*  received  a  similar  em- 
phatic summons.  Tycho  Brahe  was,  on  November  11,  1572,  res- 
cued from  the  quagmire  of  alchemy,  and  rec*alled  to  his  true  voca- 
tion, by  the  startling  splendor  of  the  renowned  **Nova'*  in  Cas- 
siopeia, This  extraordinary  object  was,  to  begin  with,  as  bright 
as  Jupiter,  and  by  a  further  rise,  placed  itself,  in  a  few  days, 
well-nigh  on  a  par  with  Venus  at  her  best.  Neither  the  glare  of 
the  Sun  at  noon,  nor  the  drifting  by  night  of  clouds  thick  enough 
to  conceal  ever\'  other  sidereal  object,  availed  to  blot  out  its 
scintillating  lustre.  Yet  it  has  utterly  disapi)eared.  Not  even 
Mr,  Robert's  searching  camera  can  detect,  in  the  place  it  once  oc- 
cupied, the  faintest  glimmer  of  its  pristine  fires.  They  are  to  all 
appearance  extinct,  and  there  is  small  probability  that  they  will 
ever  be  rekindled.  The  idea,  it  is  true,  got  abroad,  and  even 
still  partially  prevails,  that  the  star  of  1572  had  previously 
manifested  itself  at  intervals  of  about  three  hundred  years,  and 
might  be  expected  to  show  once  more  towards  the  close  of  the 
present  century ;  but  it  seems  to  have  originated  in  pure  misap- 
prehension of  some  vague  mediaeval  notices  of  comets.  Kcp- 
Icr,  however,  enjoyed  the  privilege  of  obser\*ing,  though  in   h 

'  ContemporMrv  Rci'leWt  April  1892.  By  permission  of  Leonard  Scott  Pub- 
ItCHtton  Co. 
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totally  diflfercnt  quarter  of  the  sky,  a  new  star  scarcely  the  in- 
ferior of  Tycho's;  and  these  two  have,  so  far,  met  no  rivals  to 
their  surpassing  brilliancy. 

Our  own  age  has,  nevertheless,  no  reason  to  complain.  It  has 
been  on  the  contrary,  exceptionally  favored  in  the  unusual  num- 
ber of  stellar  apparitions  presented  to  it.  Half  a  dozen  have 
been  crowded  into  the  comparatively  short  space  of  forty-four 
years,  and  may,  accordingly,  all  have  been  witnessed  with 
mature  comprehension  by  many  men  now  living.  Eminent 
among  them  is  Mr.  Hind,  the  discoverer  of  the  first  of  the  series, 
the  *'Nova,"  as  such  objects  are  technically  called,  of  1848,  the 
immediate  predecessor  of  which,  separated  from  it  by  an  interval 
of  178  blank  years,  was  Anthelm's  Nova  of  1670.  This  glaring 
inequality'  of  apportionment  has  certainly  been  for  the  advan- 
tage of  science.  Astronomers  in  the  last  century  were  ill-equip- 
ped for  taking  advantage  of  such  opportunities,  while  modern 
physical  appliances  are  especially  adapted  for  turning  them  to 
the  best  account.  They  are  indeed  eagerly  welcomed ;  and  the 
evidence  afforded  by  them  is  earnestly  invoked  for  the  testing  of 
novel  theories,  and  for  the  decision  of  various  moot  questions  re- 
lative to  the  constitution  of  the  heavenly  bodies.  When  rapid 
changes  are  going  on,  Nature's  secrets  are  apt  to  slip  out  for  the 
instruction  of  those  on  the  watch  for  them ;  and  new  stars  are 
the  intensified  embodiment  of  change.  No  wonder  then  that 
the  Edinburgh  missive  of  February,  acted  as  a  reveille  to  the 
astronomical  forces  in  all  parts  of  the  northern  hemisphere. 

The  sender  turns  out  to  have  been  a  denizen  of  Auld  Reekie, 
Mr.  Thomas  D.  Anderson,  the  example  of  whose  success  will 
doubtless  kindle  the  zeal  of  many  another  amateur  star-gazer. 
His  discovery  might  indeed  have  been  made  a  week  earlier. 
Only  by  degrees,  and  after  several  observations,  Mr.  Anderson 
came  to  recognize  the  novelty  of  the  object  sending  its  straw- 
yellow  beams  from  a  previously  empty  spot  in  the  southern  part 
of  the  constellation  Auriga.  It  was  found  moreover  on  inquiry 
to  have  unobtrusiveh' recorded  itself  twelve  times,  from  December 
10,  1891,  to  January  20,  1892,  on  the  chart-plates  exposed  at 
Harvard  College  for  the  purposes  of  the  great  spectrographic 
survey  in  progress  there  under  Professor  Pickering's  direction. 
With  the  first  of  these  casually  secured  impressions,  its  biog- 
raphy begins.  No  trace  of  its  existence  lias  as  yet  been  pursued 
further  back.  Unless  totally  obscure,  it  belonged  then  to  the 
crowd  of  uncatalogued  small  stars;  and  mereh'  swelled  by  a  unit 
the  nameless  multitude  of  the  heavens.  Nothing  indicated  the 
distinction  in  reserve  for  it. 


For  one  of  its  class,  however,  its  growth  in  light  was  to  an  un- 
common degree  leisurely.  Most  new  stars  have  leaped  upwards 
from  ohscurity  with  bewildering  swiftness.  They  claim  as  n 
rule,  neither  past  nor  future  worth  mentioning,  and  only  a  brief, 
if  brilliant  present.  But  the  star  of  1892  attained  no  strongly 
emphasized  maximum.  Although  aljsolntely  brightest  about 
December  20,  it  slowly  regained  light  until  February  8,  when  it 
was  of  the  fifth  magnitude— that  is,  well  within  the  range  of 
naked -eye  vision — entering  then  upon  a  gradual,  and  not  ]>er- 
fectly  continuous,  decline.  In  aspect  it  was  throughout  per- 
fectly stellar.  Its  rays  emanated  from  a  shaq>  pointy  an<l,  some 
incautious  remarks  to  the  contrary  notwithstanding*  were  no* 
wise  blurred  or  hazy.  And  a  long  exposure  photograph,  taken 
by  Mr.  Roberts  wnth  a  view  to  developing  possible  nebulous  sur- 
roundings, conclusively  demonstrated  their  absence.  A  similar 
result  was  obtained  at  South  Kensington  by  Professor  Lockycr. 
To  all  appearance,  then,  the  object  was,  and  is  a  star  like  any 
other.  But  let  us  hear  the  dictum  of  the  spectroscope  in  the 
matter. 

The  light  of  Nova  Auriga?,  unrolled  by  prismatic  dispersion 
into  a  rainbn\v-tinted  riband,  presented  a  dazzling  spectacle. 
Splendid  groups  of  bright  lines  stood  out  from  a  paler  back* 
ground;  the  red  ray  of  hydrogen,  Fraunhofer*s  C, glowed,  as  Mr. 
Espin  remarked,  like  a  danger-signal  on  a  dark  night;  a  superb 
quartet  of  rays  shone  in  the  green;  shimmering  blue  bands  and 
lines  drew  the  eye  far  up  towards  the  violet;  the  characteristic 
blazing  s|>ectrum»  in  fact,  of  a  new  star  was  unmistakably  pres- 
ent. Its  interpretation  left  no  doubt  that  hydrogen  pla^'cd  a 
large  part  in  the  conflagration;  Dr.  and  Mrs.  Huggins  at  once 
identified  a  yellow  line  with  the  well*knovvn  sliining  badge  of 
sodium,  and  more  than  suspected  an  adjacent  ray  to  belong  to 
the  solar  element  called  *'  helium  ;  **  and  a  violet  line  distinctive  of 
calcium  imprinted  itself  strongly  on  numerous  photographs. 
The  substances  accordingly  ascertained  to  be  glowing  in  this  far- 
off  body,  are  sodium  and  calcium,  the  metallic  bases,  respec- 
tively, of  common  salt  and  lime;  with  hydrogen,  the  universally 
diffused  gaseous  metal  indispensable  for  the  production  of  water. 
Iron  and  magnesium  are  doubtful;  but  carbon  had  certainly  not 
stamped  its  sigti-manual  on  the  opened  scroll  of  the  new  star's 
light. 

It  was  marked,  however,  by  one  extraordinary  peculiarity  m 
the  coupling  with  dark  lines  of  all  the  bright  rays  conspicuous 
over  its  entire  extent.    Each  lustrous  member  of  the  great  hydro- 
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gen-series  carried  a  black  shadow  on  its  blue  or  more  refrangible 
side;  the  rays  of  sodium,  calcium,  and  other  unidentified  sub- 
stances being  similarly  attended.  The  meaning  of  this  strange 
appearance  was  evident,  if  in  the  highest  degree  surprising. 

The  principle  by  which  motion  in  the  line  of  sight  can  be  de- 
tected through  its  ertect  upon  the  spectrum  of  the  moving  body, 
is  now  fully  recognized.  The  amount,  moreover,  of  the  observed 
change  gives  the  velocity  of  the  motion,  and  the  sense  of 
the  change  tells  its  direction.  Thus  the  rays,  say,  of  h3-dro- 
gen,  when  they  proceed  from  a  luminous  mass  rapidly  approach- 
ing the  earth,  are  pushed  from  their  standard  places  towards  the 
blue  end  of  the  spectrum,  while  they  shift  towards  the  red  when 
the  movement  is  one  of  recession.  The  result  is  strictly  analo- 
gous to  the  variation  of  pitch  perceived  by  a  stationary  listener 
in  the  steam-whistle  of  a  rushing  engine.  The  sound  is  rendered 
acute,  because  the  air-waves  are  shortened  by  the  advance  of  its 
originating  source;  it  sinks,  on  the  contrary,  as  they  are 
lengthened  by  its  retreat.  And  so  with  the  waves  of  light  sent 
out  by  the  stars.  They  are  physically  crowded  together  by  a 
physical  advance,  and  hence  become  more  blue:  but  because 
their  succession  is  retarded,  they  become  more  red  when  a  ve- 
locity of  withdrawal  is  in  question.  Astro-physicists  can,  ac- 
cordingly, determine  whether  a  celestial  object  be  moving  tow- 
ards or  away  from  the  earth,  and  at  what  rate,  by  simply  meas- 
uring on  a  photograph  the  de\nation  from  its  normal  position  of 
some  known  line  in  its  spectrum. 

But  in  Nova  Aurig^e  two  amazing  circumstances  were  dis- 
closed by  this  method  of  procedure.  First,  the  speed  correspond- 
ing to  the  measured  displacements  was  unprecedented;  next,  it 
was  apparently  pursued,  at  the  same  time,  in  opposite  direc- 
tions. The  bright  hues  unanimously  showed  to  the  careful  scru- 
tiny* of  Dr.  Vogel  at  Potsdam  recession  at  the  extraordinary-  rate 
of  420  English  miles  a  second,  while  their  dark  comrades  testi- 
fied to  an  approach  of  300.  Plainly,  then,  both  sets  were  not 
emitted  by  the  same  body;  and  a  twofold  spectrum,  owning  a 
twofold  origin,  was  at  once  seen  to  !)e  under  observation.  The 
whole  range  of  bright  lines,  in  short,  was  obviously  marked  out 
as  the  appurtenance  of  a  mass  rushing  away  from  the  earth,  the 
dark  ones  matching  them,  as  proceeding  from  a  mass  rushing 
towards  it.  And  the  two  were  separating  at  the  rate  of  720 
miles  a  second,  or  about  sixty-two  millions  of  miles  a  day  I 

Moreover,  these  portentous  velocities  showed,  during  at  least  a 
month,  no  perceptible  slackening.    The  coupled  lines  did  not  tend 


to  close  up,  as  they  should  have  done  if  the  bodies  they  served  to 
distinguish  relaxed  their  furious  speed,  or  swerved  from  their 
straight  course.  Hence,  these  presumably  did  neither  the  one  nor 
the  other  to  any  considerable  extent.  They  can  scarcely  then  be 
in  mutual  circulation  :  yet  a  pair  of  gravitating  masses  could  not 
possibly  have  made  so  close  an  approach  as  theirs  evidently  was, 
without  swaying  one  another  into  the  description  of  some  kind 
of  orbit.  Their  orbit,  however,  may  be  of  the  hyperbolic  va- 
riety; in  which  case  the  bodies  just  now  visually  conjoined  are 
flying  asunder,  never  to  meet  again.  Their  single  encounter,  if 
this  be  so,  was  what  we,  in  our  ignorance,  can  only  describe  as 
casual;  and  the  greater  part  of  their  motion  must  be  inherent; 
it  belonged,  that  is,  to  themselves,  ab  origine,  and  was  not 
merely  imparted  by  the  pull  of  their  mutual  attractive  forces. 
And  we  should  indeed  naiurally  expect  the  solitary  outburst  of 
a  **new  star**  to  be  associated  with  precisely  such  a  temporary 
relationship  as  comports  with  hyperbolic  traveling.  In  a  per- 
manentl_v  organized  system,  on  the  other  hand,  light  fluctua- 
tions, if  they  occurred  at  all,  might  be  looked  for  periodically. 
This  state  of  things,  in  fact,  seems  actually  to  prevail  in  the  only 
known  example  comparable  in  an}'  degree  with  the  wonderful 
star  of  our  present  exi>erience.  The  variable  star  Beta,  in  the 
constellation  of  the  Lyra,  has,  like  Nova  Aurigfe,  been  resolved, 
through  the  photographic  study  of  its  spectrum.*  into  a  pair,  of 
which  one  member  emits  bright,  the  other  shows  dark  lines  on  a 
prismatic  background.  Hut  here  there  is  clear  evidence  of  revo- 
lution in  a  closed  orbit,  the  bright  and  dark  lines  exchanging 
their  relative  positions  once  in  nearly  thirteen  days*  Moreover, 
this  same  period  is  observed  with  strict  punctuality  by  the  lum- 
inous fluctuations  of  the  star.  So  that  we  have  liere  a  fjersua- 
sive  argument  of  identity  in  nature  between  continuous  stellar 
variations  in  brightness, conducted  regularly  in  short  periods,  and 
the  catastrophic  out-break  of  temporary  stars.  Nay,  we  gather  a 
hint  that  the  shape  of  the  orbits  traversed  by  such  bodies  deter- 
mines the  character  of  their  changes;  periodical  variability  de- 
pending upon  elliptical  movement, ephemeral  splendor  followed  by 
irrecoverable  decay  corresponding  to  a  single  approach  at  an 
excessive  velocity-,  with  consequent  separation  along  tracks  di* 
vergent  to  infinity. 

The  star  of  1892  has  then  taught  us  to  regard  stellar  appari- 
tions as  resulting,  in  some  way,  from  the  temporary  vicinity  ot 

•  Conducted  at  Harvard  College  hy  Mrs,  M.  Fleming  and  Misa  A.  C.  Mnur>' 
under  the  direction  of  Professor  Fickerin»4. 
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two  rapidly  inoving  cosmical  masses.  All  new  stars  are,  it  may 
safely  be  asserted,  during  the  brief  epoch  of  their  visibility, 
double  stars.*  The  light  that  they  send  us  emanates  from  a 
twofold  source.  Their  duplicity,  however,  might  not  always  be 
patent  to  observation.  For  the  spectra  of  the  bodies  in  con- 
junction could  only  be  separately  distinguished  if  their  motion 
happened,  like  that  of  the  components  of  Nova  Aurigae,  to  be 
largely  directed  towards  or  from  the  earth.  If  they  advanced 
and  retired  sideways  or  vert /ca7/j— terrestrially  speaking— the 
combined  powers  of  the  spectroscope  and  camera  could  extract 
from  them  no  sign  by  which  their  separate  existence  might  be 
inferred.  Sidereal  science  is  thus  indebted  to  the  present  unac- 
customed inmate  of  our  skies  for  the  disclosure  of  a  fact  which, 
without  the  aid  of  a  body  so  happily  circumstanced  for  the  grati- 
fication of  intellectual  curiosity,  might  have  remained  for  ages 
undivulged.  ^ 

But  the  knowledge  that  incandescence  of  the  kind  first  analysed 
by  Dr.  Huggins  in  the  star  of  1866  is  due  to  external  influence, 
leads  immediately  to  a  further  question  as  to  how  that  influence 
is  exerted.  Direct  collisions  are  not  to  be  thought  of.  And  for 
this  obvious  reason,  that  the  impact  of  two  inelastic  bodies  either 
brings  them  to  a  stand-still,  or  reduces  them  to  a  unanimity  of 
slackened  motion.  We  know  but  too  familiarly  what  takes  place 
when  oppositely  rushing  trains  crash  together.  They  certainly 
do  not  proceed  onward  at  express  speed  to  their  respective  desti- 
nations. But  this  is  precisely  what  the  components  of  Nova  Au- 
rigae are  doing.  They  have  beyond  question  met  no  serious  check 
in  their  flying  careers.  No  considerable  part  of  their  motion  has 
been  sacrificed  to  produce  their  increase  of  light.  Elementary 
though  the  principle  be,  yet  it  is  not  superfluous  to  insist  upon  it, 
that  incandescence  through  collision  implies  stoppage,  partial  or 
entire.  Since  the  evolved  light  and  heat  are  only  transformed 
motion,  both  kinds  of  energ3'  cannot  be  present  simultaneously. 
They  are  correlative.  One  disappears  to  furnish  the  other.  Un- 
less the  motion  be  ari-ested,  the  blaze  will  not  occur.  One  might 
as  well  expect  to  get  a  coat  without  curtailment  of  the  piece  of 
cloth  affording  the  material  for  it. 

Hence  the  outburst  of  the  new  star  in  Auriga  cannot  be  at- 
tributed to    an    actual   bodily  encounter   of  two    dark  bodies 

•  The  compoand  nature  of  all  variable  stars  has  been  advocated  for  some 
rears  by  Professor  Lockyer;  and  the  merit  of  the  sugc^estion  should  be  fully  ac- 
knowledged, although  the  "meteoritic  hypothesis,"  of  which  it  formed  an  inte- 
gral part,  has  received  a  fatal  blow  from  the  spectroscopic  investigations  of  Nova 
Aurigse. 


swiftly  traversing  space.  The  hypothesis  of  a  grazing  collision 
has  more  to  recommend  it.  Yet  in  this  case,  too,  motion  should 
be  sacrificed  in  strict  proportion  to  the  development  of  lumin- 
osity. Unless  evidence  of  retardation  should  be  forthcoming,  the 
supposition  of  outlying  entanglements  must  be  abandoned.  The 
two  masses^  however,  spectroscopically  observed  to  be  hurrying 
past  at  the  daily  rate  of  sixty-two  million  miles,  cannot,  one 
would  imagine,  have  surrendered  much  of  their  velocity  hi  the 
process  of  gaining  enhancement  to  their  brilliancy.  There  is»  in- 
deed, a  possibility  of  a  third  body  being  present,  traveling  much 
more  slowly  than  the  others.  Dr.  Vogel,  towards  the  close  of 
February,  observed  the  bright  lines  on  his  photographs  to  be, 
not  only  accompanied  by  dark  ones,  but  themselves  double;  and 
he  suggested  (though  with  great  reserve)  in  explanation  of  the 
phenomenon,  the  triplicity  of  the  new  star.  This  too,  had,  ver\' 
curiously,  been  surnnsed  by  Dr.  a«d  Mrs.  Huggins  as  early  as 
Februar\'  3,  and,  if  real,  could  only,  one  would  think,  be  due  to  a 
division  of  the  gaseous  body,  analogous  to  the  breaking  up  of 
some  comets  in  passing  the  Sun.  Yet  the  circumstance  that  the 
bright  line  spectrum  of  Beta  Lyra?  sometimes  appears  twofold, 
warns  us  not  to  adopt  over-hastily,  the  hypothesis  of  physical 
disruption  in  combination  with  arrest  of  movement  in  the  dis- 
rupted bod3\ 

Masses  of  matter  may,  nevertheless,  be  excited  to  luminosity-  by 
other  means  besides  that  primitive  one  emploj'ed  in  the  tinder- 
box.  But  before  hazarding  a  conjecture  as  to  how  these  might 
be  brought  into  action,  let  us  see  what  has  been  learned  as  to  the 
nature  of  the  bodies  concerned  in  the  transient  splendor  of  our 
Nova.  One  of  them,  as  giving  a  spectrum  of  bright  lines,  must  be 
of  a  gaseous  constitution.  But  it  is  known  to  be  neither  a  comet 
on  a  vast  scale,  nor  a  nebula,  by  the  absence  of  the  quality  of 
light  distinctive  of  each  of  these  classes  of  object.  The  yellow, 
green  and  blue  h^^dro-carbon  bands  forming  the  chief  part  of  com- 
etary  radiance  were  clearly  shown  by  Dr,  and  Mrs.  Huggins  to 
have  no  place  in  the  spectrum  of  the  star,  which  included  con- 
spicuously, on  the  other  hand,  the  unbroken  hydrogen -series  of 
rhythmically  disposed  rays,  from  burning  red  to  invisible  ultra- 
violet. But  not  one  of  these  has  ever  been  o1>served  in  a  comet. 
The  characteristic  nebular  si>cctnim.  too,  is  entirely  unrepresented 
in  the  Nova,  as  the  eminent  investigators  just  named  xA'cre  the 
first  to  point  out  ;*  and  although  affinities  are  traceable  between 


•  Tbe  two  rays  nearest  to  the  chief  nebular  lines  have  since  been  ideiiti€cd  bjr 

Dr.  Vogel  with  well-known  solar-chromospberic  grottpa. 
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its  light  and  that  of  the  so-called  **Wolf-Rayet  Stars"  in  the 
Milky  Way,  the  resemblance  is  by  no  means  complete.  Thus  the 
gaseous  component  of  Nova  Aurigae  belongs  really  to  no  estab- 
lished category  of  celestial  objects.  It  is  a  body  either  peculiar  in 
itself,  or  peculiar  through  its  circumstances. 

The  second,  and  most  likely  the  principal,  member  of  the  pair  is 
less  difficult  to  classify.  It  is  emphatically  a  Sun,  and  an  exceed- 
ingly hot  Sun.  An  enormously  high  temperature  is  implied  by 
the  strength  and  compass  of  its  ultra-violet  spectrum,  photo- 
graphed February  22,  by  Dr.  and  Mrs.  Huggins,  at  Tulse  Hill, 
with  an  exposure  of  one  hour  and  three  quarters.  As  regards 
the  proportionate  intensity  of  its  actinic  rays,  it  is,  in  fact,  not 
outdone  by  Sirius  itself.  The  details,  however,  of  its  spectral 
hieroglyphics  bring  it  nearer  to  Rigel  than  to  Sirius;  and  it  may 
accordingly  be  ranked  with  the  Orion  variety  of  "white  stars." 

Now  there  is  good  reason  to  suppose  that  every  such  body  is  in 
a  state  of  powerful  electrical  excitement,  and  creates  in  its  neigh- 
borhood a  very  extensive  magnetic  field.  A  second  body  enter- 
ing this  field,  and  sweeping  with  prodigious  speed  across  the  lines 
of  force  traversing  it,  must  then  give  rise  to  powerful  electrical 
agitations.  And  here,  perhaps,  may  be  found  the  chief  source  of 
the  amazing  displays  registered  by  astronomers  as  "new  stars." 
Gravitational  disturbances,  too,  of  the  kind  that  raise  tides  in 
terrestrial  oceans,  but  immensely  exaggerated  in  degree,  no 
doubt  come  in  as  auxiliaries,  and  produce,  at  any  rate,  notable 
effects  of  bodily  distortion,  if  not  of  bodily  disruption ;  yet  the 
view  that  the  sudden  illuminations  in  sidereal  space  exemplified 
by  the  apparition  of  Nova  Aurigae  result,  in  some  measure,  from 
the  inductive  action  of  highly  electrified  bodies  dashing  past  each 
other  at  excessive  velocities,  may  possibly  be  substantiated  by 
future  researches  into  the  nature  of  the  unmeasured  forces  thus 
brought  into  play. 

By  its  situation  in  the  thick  of  the  Milky  Way,  our  present 
"guest-star"  conforms  to  a  rule  almost  universal  in  such  cases. 
The  significance  of  that  rule  cannot  be  mistaken,  for  it  is  too 
faithfully  observed  to  be  accounted  for  otherwise  than  by  real 
physical  location;  and  we  are  thus  assured  beyond  doubt  that 
"new  stars"  have  their  proper  place  among  the  "clusters  and 
beds  of  worlds"  collected  into  the  zone  of  dim  light  spanning 
our  wintry  skies.  The  conditions  then  reignjng  there  must  be 
such  as  to  favor  in  a  marked  degree  stellar  conflagrations.  And 
two  of  these  conditions  are  well  ascertained.  The  galactic  region, 
in  the  first  place,  is   assuredly   one  of  exceptional   crowding; 


and  it  is  abundantly  stocked,  in  the  second^  ^-ith  bodies  of  a 
gaseous  nature,  and  showing  gaseous  affinities.  Rapid  and  vast 
developments,  accord ingly»  of  gaseous  incandescence  through 
quasi-encounters  between  rushing  masses,  are  mucb  more  likely» 
it  would  seem,  to  occur  within  Milky  Way  aggregations  than 
elsewhere  in  sidereal  space. 

The  components  of  Nova  Aurig^e  must  be  added  to  the  list  of 
what  are  called  **  runaw  ay  stars.  **  Their  headlong  velocities 
are  altogether  beyond  the  control  of  any  gravitational  power 
which  can  reasonably  be  supposed  to  reside  in  the  sidereal  sys- 
tern.  What  other  forces  may  be  acting  upon  them,  it  were  vain 
to  conjecture;  we  can  only  hold  to  the  sc^cure  conviction  that 
they  pursue  no  random  career,  and  make  no  purposeless  haste. 
Yet  the  revelation  is  none  the  less  startling  of  the  prevalence  of 
so  tremendous  an  agitation  of  movement  within  the  seemingly 
rigid  collections  of  the  Milky  Way.  By  their  inconceivable  re- 
motenesss,  the  visible  effects  of  displacement  there  are  well-nigh 
annihilated  ;  the  telescopic  detection  of  them  may  demand  centur- 
ies of  refined  observation;  only  the  w^ondertul  faculty  by  which 
the  spectroscope  is  enabled,  irrespectively  of  distance,  to  measure 
movements  in  the  line  of  sight,  has  afforded  the  bew  ildering 
vision  now  unfolded  to  us  of  a  m61^e  of  flying  bodies  in  a  realm 
of  apparent  immobility. 

To  this  realm  Nova  Aurigae  properly  belongs — a  realm  bo  far 
off  that  light  can  hardly  spend  less,  and  may  spend  much  more, 
than  a  hundred  years  on  the  journey  thence  to  our  eyes.  The 
blaze  then,  studied  by  astronomers  with  such  curious  results 
during  the  last  couple  of  months,  occurred  undoubtedly  before 
any  of  them  were  born;  and  ma^^  very  wxll  date  as  far  back  in 
absolute  time  as  the  Battle  of  the  Boyne.  Agile  light-rays  have, 
meantime,  been  l)earing  the  news  of  the  event  across  the  por- 
tentous intervening  gulf  at  the  express  rate  of  186.000  miles  a 
second.  A  proportionate  magnitude  must  be  assigned  to  the 
catastrophe.  Our  own  Sun  would  make  a  very  poor  show  if 
removed  to  the  distance  of  galactic  aggregations.  It  could  cer- 
tainly not  be  discerned  with  the  naked  eye;  it  might  not  even 
have  been  thought  worth  registering  in  any  of  our  hitherto  con- 
structed star^catalogucs.  So  that  the  new^  star  of  1892  may 
well  have  attained  to  one  hundred  times  the  solar  bril!ianc\\ 

The  certainty  of  the  novel  and  striking  disclosures  obtained 
from  it  was  in  great  measure  due  to  the  employment  of  the 
chemical  method.  No  object  of  the  kind  had  previously  been  in- 
vestigated wnth  the  potent  aid  of  the  camera,  reliance  on  which 
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was,  in  the  present  instance,  amply  justified  by  the  upshot.  The 
star  was  photographed  everywhere,  under  both  its  simple  and 
its  prismatic  aspects,  on  the  too  rare  occasions  of  favorable 
weather.  The  earliest  records  of  its  spectrum  were  secured  by 
Father  Sidgreaves  at  Stonyhurst,  and  by  Professor  Lockyer  at 
South  Kensington ;  and  the  Potsdam  series  extends  from  Febru- 
ary 14  far  into  March.  From  the  collation  of  these  various  * 
documents,  the  history  of  the  changes  undergone  by  the  remark- 
able pair  of  separately  invisible  bodies,  the  anomalous  relations 
of  which  have  nevertheless  been  brought  within  our  sure  cogni- 
sance, can  already  be  minutely  deduced,  and  may,  at  any  future 
time,  be  revised  from  the  higher  point  of  view  of  freshly  acquired 
knowledge.  Thus,  stellar  science  is  in  none  of  its  various 
branches,  any  longer  dependent  on  the  fleeting  impressions  of 
the  fallible  human  eye.  By  an  unerring  process  of  self-registra- 
tion,  the  phenomena  it  studies  are  rendered  virtually  permanent, 
and  can  be  re-observed  at  will,  long  after  the  immediate  witnesses 
of  them  have  passed  away.  The  application  of  this  powerful 
engine  of  research  to  stars  of  the  temporary  class  has  assuredly 
borne  memorable  first-fruits.  Their  full  value  can  hardly  yet  be 
estimated. 


K  STUDY  IN  THE  VARIATION  OP  THE  SOLAR  DIAMETER.* 


ORRAY  TAFT  SHERMAN. 


The  abnormal  variation  of  the  Sun's  diameter  has  been  a  fruit- 
ful field  of  discussion.  The  result  is  summed  up  by  the  text  writ- 
ers as  (1)  the  diameter  of  the  Sun  itself  varies,  or  (2)  the  obser- 
vations are  too  much  disturbed  by  errors  incidental  to  the  solar 
observation  to  be  profitably  discussed  in  relation  to  their  smaller 
variations.  The  first  of  these  statements,  save  in  so  far  as  it  be- 
comes gratuitous  in  the  light  of  our  result,  we  leave  without  dis- 
cussion. The  second  statement  may,  I  think,  be  confined  to  the 
case  of  the  result  of  a  single  observer.  As  far  as  the  disturbances 
are  systematic  they  tend  to  remain,  as  far  as  the  disturbances 
are  accidental  they  tend  to  destroy  themselves  when  the  work  of 
many  observers  is  gathered  into  a  single  mean.  We  have,  there- 
fore, gathered  all  the  observations  which  could  be  found.  Each 
has  been  compared  with  the  value  calculated  by  the  gravita- 
tional   theory.    The    corrections    for    each    month    have   been 
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rtieaiied,  converted  into  arc,  and  the  means  of  the  year  taken. 
The  separate  yearly  values  have  then  been  gathered  into  a  gen- 
eral yearh'  mean.  In  taking  this  general  mean,  those  values  de- 
pending upon  a  few  observations  have  themselves  been  joined 
into  a  single  mean,  so  that  each  element  of  the  final  mean  should 
depend  upon  an  approximately  equal  number  of  observations. 
When  this  was  impossible  the  single  observation  was  made  the 
combining  unit.  This  seemed  to  leave  least  arbitrary  action  to 
the  computer.  The  yearly  means,  together  with  the  number  of 
observations  and  observatories  involved,  are  given  in  the  ad- 
joining table. 

In  No.  234,  Jan*  1891.  of  The  Astronomical  Journal  we  have 
given  the  corrections  to  the  earth's  tabular  longitude  for  each 
year.  The  same  numbers  are  given  in  the  6fth  column  after  the 
year  1809.  The  bar  indicates  a  change  in  the  solar  table  em- 
ployed. In  the  Amerkitn  Meteorological  Journal  for  June  1H91, 
we  have  shown  that  the  auroral  numbers  for  Southern  Europe 
were  so  connected  with  the  zodiacal  light  elongations  that  a  max- 
imum in  elongation  correspoi»ded  with  a  minimum  in  the  auroral 
number,  and  a  minimum  with  a  maximum.  In  the  fifth  column, 
therefore,  we  have  given  Fritz  auroral  numbers,  as  an  indication 
of  the  condition  of  the  zodiacal  light.  In  remarks  w*e 
have  noted  the  scattered  observations  of  the  zodiacal  light. 
If  we  com|iare  the  maximum  in  the  scries  of  yearly  means 
and  h)ngitudinal  corrections  we  find  maxima  agreeing  in  the 
following  years:  1810-11,  '14,  '18,  '26.  '34,  '38,  '47,  'ri5,  *oS,  '68 
*79,  '82-'83,    All  of  these  maxima  may  be  at  once  identified  as 

uised  by  the  zodiacal  light  crossing  the  Karth's  path.  In  the 
Preceding  3*car  we  have  maxima  in  176G  and  *94-*90  which,  as 
may  l>e  seen  from  the  auroral  column,  correspond  with  maximum 
elongations  of  the  zodiacal  light.  These  are  nil  the  maxima  the 
column  of  Sun-diameters  nflbrds.  We  find  minima  in  the  Sun- 
diameters  agreeing  with  maxima  in  the  corrections  to  the  solar 
longitudes  in  the  following  years:  1820,  *23,  '2(5,  '41-*43,  '51. 
The  minimum  in  '02  also  corresponds  to  a  maximum  Sun-spot 
effect  which  is  masked  in  the  zodiacal  column.  The  rapid  de- 
crease in  the  Sun*s  diameter  from  1814  to  182G  also  coiTCsponds  j 
to  a  period  during  which  the  corrections  to  the  solar  longitude 
rapidly  increased  under  the  influence  of  the  Sun-spots.  These  are 
all  the  minima  there  arc  capable  of  examination.  The  evidence  of 
the  minimum  in  1787  tends  toward  the  same  end.  All  of  these 
maxima  in  the  corrections  to  the  longitude  may  be  identified  as 
Sun-spot  effects.    We  have  also  in  1811,  1821,  1824,  1828,  coses 
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in  which  a  comparatively  rapid  increase  in  the  solar  diameter 
corresponds  with  records  of  appearances  of  the  zodiacal  light. 
The  whole  evidence  therefore  points  to  one  statement.  Maxima 
in  the  values  of  the  solar  diameter  are  the  effect  of  the  disturb- 
ances produced  by  the  zodiacal  light.  Minima,  the  effect  of 
disturbances  produced  by  the  solar  spots. 

We  may  readily  understand  how  this  should  be.  The  spectrum 
of  the  zodiacal  light  shows  us  that  it  is  in  part  at  least  composed 
of  solid  matter.  We  are  unaware  of  the  density  of  the  matter  or 
of  the  density  necessary  to  deflect  a  body  traveling  with  planet- 
ary velocities,  but  there  is  evidence  which  indicates  that  a  very 
slight  density  is  sufficient.  The  first  effect  of  the  meeting  of  the 
zodiacal  light  and  Earth  may  be  shown  to  be  a  decrease  in  the 
Earth's  orbital  velocity  followed  by  a  decrease  in  the  Earth's 
radius,  which  again  is  fpllowed  by  an  increase  in  the  Earth's 
orbital  velocity  due  to  its  altered  position.  But  if  instead  of 
passing  out  of  the  zodiacal  light  the  Earth  remains  immersed,  we 
have  a  continuing  repetition  of  the  cycle.  One  effect  of  which  is 
that  the  solar  diameter  is  constantly  larger  than  the  gravi- 
tational theory  requires.  Accepting  Weber's  electrodynamic  law 
as  at  least  approximately  expressing  a  fact,  the  effect  of  the  Sun- 
spot  increases  the  attraction  of  the  Sun  and  Earth.  Increasing 
the  force  it  increases  the  orbital  velocity,  and  hence  the  radius, 
when  the  planet  moves  toward  the  Sun,  but  to  a  slighter  degree, 
if  at  all,  when  the  planet  moves  from  the  Sun.  This  is  further  evi- 
denced by  the  variations  of  the  diameter  in  orbit,  as  is  shown  by 
the  following  examples.  1841-*43  is  a  period  during  which  the 
Sun-spot  is  predominant;  1847,  a  period  when  the  zodiacal  light 
has  been  but  slightly  in  force;  1855,  a  period  when  the  Earth  has 
continued  immersed  in  the  zodiacal  light. 

184.1-4-3  184-7  1833 

Dec.,  Ian.,  Feb '\2      2.18  :V2      2.91  32      3.(55 

March.  April,  May, 2  20  3  (>2  3  71 

June,  July,  Aug., 2  18  3  82  3  DO 

Sept.,  Oct.,  Nov 1  7()  2  (*.()  3  01 
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THE  TEMPERATURE  OF  THE  SUN.* 


H.  LeCHATELIER. 


The  numerous  attempts  which  have  been  made  to  determine 
the  temperature  of  the  Sun  have  led  to  the  most  discordant  re- 
sults; the  figures  given  up  to  the  present  time  have  varied  from 
1500°  to  5,000,000°.  The  method  employed,  however,  has  al- 
waj's  been  the  same  (that  of  Pouillet),  and  the  experimental 
determinations  have  always  been  sufficiently  concordant.  The 
divergencies  in  the  final  result  arise  solely,  as  M.  Vicaire  has 
pointed  out,  from  the  different  laws  adopted  to  connect  the  ra- 
diation of  incandescent  bodies  with  their  temperature. 

Newton^s  law,  which  holds  only  for  an  interval  of  a  few  degrees, 
gives  for  the  temperature  of  the  Sun  millions  of  degrees.  Du- 
long's  law,  which  is  only  exact  over  a  range  of  150°  at  most, 
gives  1500°.  Rosetti's  law,  established  by  experiments  made  be- 
tween 0°  and  300°,  gives  10,000°. 

The  degree  of  confidence  which  determinations  obtained  by 
•  Comptes  rendas  (Paris),  March  28,  1892. 
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means  of  such  extrapolations  merit,  necessarily  increases  verj* 
rapicltj  with  the  magnitude  of  the  temperature  interval  within 
which  the  law  of  radiation  has  been  submitted  to  the  control 
of  experiment.  My  investigations,  which  embrace  an  interval  of 
1100''  (700''  to  1800^),  that  is  to  say,  four  times  greater  than 
the  most  extensive  of  the  experiments  here  referred  to,  ought  to 
lead  to  more  certain  conclusions. 
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The  inteiisit}^  of  the  red  radiations  emitted  by  an  incandc 
body,  the  emissive  power  of  which  is  equal  to  unity,  may,  accord^ 
ing  to  my  experiments,  be  represented  by  the  formula,* 

♦  The  numbers  which  I  have  gtven  in  my  former  communication  were  obtained 
by  graphical  interpolation.  It  ts  preferable  to  employ  the  formula*  which  oau4e& 
the  intensities  given  for  the  temperatures  600='  and  700^  to  be  modified  a  little. 


H.  Le  Cbatelier. 
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12x0 
I  =  106-7 .  T  T  . 

The  following  table  gives  the  result  of  xny 

measures : 

Intemittas 

T«mp«rmtiire8 

Dllfor. 

iBtensltiM 

TvmperatorM 

Dlffer- 

ObMTTWl. 

MMsarad. 

Calcalat«d. 

encM. 

obMrred.         Meammd. 

Calcalai«3. 

«rnce«. 

O.OOOJ8 

680 

671 

+    9 

0.06 

980 

982 

—    2 

0.00074 

700 

702 

—    2 

0.105 

1020 

1026 

-    6 

0.002 

760 

755 

+   5 

0.19 

1080 

1078 

+     2 

0.0056 

810 

814 

-    4 

0.67 

1220 

1205 

+  15 

0.0054 

820 

817 

+    3 

I.18 

1270 

1265 

+    5 

0.01 

860 

853 

+    7 

6.4 

1495 

1490 

+    5 

0.034 

940 

939 

4-    I 

1.49 

1775 

1757 

+  18 

The  accompanying  curve  gives,  in  the  unbroken  portion  of  the 
line,  the  reproduction  of  the  experimental  results,  and  in  the 
broken  portion  the  extrapolation  necessary  to  reach  the  temper- 
ature of  the  Sun. 

The  measure  of  the  intensity  of  the  solar  radiations  has  been 
made  with  the  photometer  which  I  employed  in  my  previous  py- 
rometric  investigations.  Three  concordant  series  have  given 
120,000  for  the  intensity  of  the  red  radiations  reaching  the 
Earth  (outside  of  its  atmosphere)  from  the  Sun.  I  give  below 
the  most  complete  of  these  series : 

Observation  on  March  19,  1892. 


Hour. 

2h 

Elevation  of 
the  San. 

35^        ' 

Intensity. 
83000 

Hoar. 
4«»     40" 
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I4»         ' 

Intensity. 
35000 

3  30 

4  12 

38      30 

2S 

18 

73000 
66000 
56000 

5 

5       »5 

5      25 

10       30 
8       .5 
7 

31000 
22000 
15000 

4       30 

»S 

42000 

The  intensity  of  125,000  which  results  from  these  figures  indi- 
cates an  effective  temperature  of  7600°.  As  M.  Violle  has  pro- 
posed, I  call  the  effective  temperature  of  the  sun  that  temperature 
which  a  body  of  emissive  power  equal  to  unity  must  have  in 
order  to  send  us  radiations  of  the  same  intensity  as  the  Sun. 
The  actual  temperature  of  the  photosphere  is  higher,  for  a  part  of 
its  radiations  are  absorbed  by  the  less  highly  heated  solar  atmos- 
phere, and  perhaps  also,  although  this  seems  hardly  probable, 
because  the  emissive  power  of  the  Sun  may  be  less  than  unity. 

It  does  not  seem  to  me  that  the  uncertainty  which  attends  this 
temperature  of  7600°.  on  account  of  errors  which  may  affect  the 
law  of  radiation,  can  exceed  one  thousand  degrees. 


SOLAR  OBSERVATIONS  DURING  THE  FIRST  QUARTER  OF  18W,' 


P,  TACCHINI. 


The  season  has  been  very  unfavorable  for  observations/  For 
the  spots  and  factila.*  the  number  of  days  of  oljservation  has 
been  56>  /\  l\,  19  in  January,  19  in  February  and  18  in  March, 
The  foUowinfir  are  the  results : 


1802. 

Rclfttivc  Frequeiiev 

Relnttvr  Sixc 

Nambrr  tvf 

t>f  iliiy* 

tjitil'srrmpw 

of«pot^,      withaut  sputft. 

ofKpoU.            «»ffacBlw 

pcrrtny. 

January 

iy.63                0.00 

79.79               5<>,58 

690 

Februarv 

23,31                0  00 

15H.61                602H 

5.1  B 

March 

13.21                0.00 

61.67              86.39 

4.28 

A  considerable  increase  over  the  preceding  quarter  is  thus 
shown.  Three  periods  of  greater  frequency  and  extent  of  spots 
correspond  with  the  intervals  January  16—24,  February  5-lS 
and  March  2(>-25. 

We  have  obtained  the  following  results  for  the  prominences : 


lh92. 


January 

February 

March 


No.  of  days 
of  obacrvAlloQ 


rr»  eminences 


Mcoti  flu  ruber. 


39.6 
36  0 
36.4 


Meat!  calcfit. 


The  difference  from  the  preceding  quarter  is  slight,  Init  I  behcvc 
that  the  phenomena  of  the  prominences  may  l)e  considered  to 
have  been  a  little  more  marked  than  during  the  preceding  quar- 
ter. It  should  l>e  noticed  that  while  a  well-marked  maximum  of 
spots  occurred  in  Februar\\  the  prominences  dn  not  show  any 
great  differences  in  the  series,  and  that  a  maximum  took  place  in 
March,  as  was  also  the  case  with  the  faculfc.  F.»r  the  spots»  on 
thecontrar3%  there  was  a  minimum  in  the  month  of  March. 

R.  OSSERYATORIO  DEL  CoiXEGIO  ROMAKO, 

Rome,  21  April,  1892. 


ASTRO-PHYSICAL  NOTES. 

All  articles  and  rurrespandcticc  relfiting  to  sfKCtroscopy  and  other  subje-ets 
properly  iucluHciJ  in  Astro-Phvsics,  should  be  uddresned  in  Gcofj»c  B.  Hale. 
Ivetiwi>od  Aatro-Phvsical  Observatory^  Chieaj^o,  U.  S,  A.  Authors  ni  piipcr^  art 
requested  to  refer  to  page  514  for  inforin«tiort  in  rejjiird  to  illustrations,  reprint 
copies,  etc. 

M.  L«coq  de  BoisbaudraA's  Observations  on  the  Electric  Spectra  of  G&Ulum.— In 
the  Comptcs  rtndus  ( Pari?)  tor  April  4,  M.  Lecoq  dc  Boisbaudran  has  an  interest- 
ing Xoie  tjn  his  recent  studies  of  the  spectrum  of  y^altium-  The  spectrum  ob- 
tained when  the  uncondcnscd  spark  produced  by  u  long*wire  coil  passes  iK'twcrti 

•  Communicated  l>v  the  authon 
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a  metallic  electrode  and  the  surface  of  a  solution  of  chloride  of  gallium,  com- 
prises two  characteristic  violet  lines  and  a  broad,  nebulous  green  band,  which 
seems  to  be  due  to  the  oxide  of  gallium.  If  metallic  gallium  is  employed,  and  a 
condenser  used  with  the  coil,  the  spectrum  becomes  much  more  complicated,  and 
the  green  band  disappears.  A  small  condenser  of  a  few  square  centimetres  sur- 
face is  sufficient  for  the  purpjse.  The  spark  was  observed  successively  in  air, 
carbonic  acid  gas  and  hydroiJ:en,  in  or.ier  to  be  certain  that  none  of  the  gallium 
lines  were  masked  by  the  brilliant  lines  in  the  spectra  of  the  enveloping  gases. 
The  difficulty  of  securing  j^erfectly  dry  gases,  and  the  widening  of  the  red  line  of 
hydrogen  (C),  leaves  some  doubt  as  to  the  exact  condition  of  things  in  its  im- 
mediate neighborhood.  A  list  of  the  wave-lengths  of  seventeen  lines  and  bands 
observed  is  accompanied  by  notes  on  various  physical  characteristics.  On  tak- 
ing the  spark  from  a  short-wire  coil  between  electrodes  of  metallic  gallium,  the 
spectrum  was  found  to  differ  materially  from  that  described  as  produced  by  the 
long-wire  coil  with  condenser.  Only  six  important  lines  were  now  seen;  one  of 
these,  very  faint  in  the  condensed  spark,  had  become  easily  visible;  another  was 
reduced  from  a  bright  to  a  feeble  line;  a  third  appeared  in  the  green,  which  had 
not  been  seen  at  all  with  the  condensed  spark.  M.  de  Boisbaudran  remarks  in 
conclusion,  "as  similar  changes  occur,  in  a  more  or  less  remarkable  manner,  with 
nearly  all  bodies,  it  is  very  necessary  to  define  the  conditions  under  which  electric 
spectra  are  obtained." 


The  Aurora  of  April  25,  1892.  Contem|>oraneously  with  the  return  of  the 
great  spot  (February.  1892)  to  the  eastern  limb  of  the  Sun,  there  api>eared  an 
unusually  brilliant  aurora  for  these  latitudes.  I  first  observed  a  massing  of  pale 
diffuse  yelliiw  light  40°  W.  of  \.  at  10:5  p.  m.  (Greenwich  m.  t.)  with  two  paler 
streamers  of  the  same  color  rising  from  that  pnint  ])erpendicularly  to  the  horizon, 
and  reaching  a  height  of  40°.  At  10:15  p.  .\i.  the  mass  of  light  on  the  horizon  be- 
came of  an  intense  pea-green,  and  the  two  parallel  streamers  became  so  brilliant 
as  to  fill  in  the  interspace  a  fine  solid  shaft  with  a  somewhat  dimmer  axis  re- 
sulting;, the  structure  reaching  50°  in  height.  nurin;Tf  and  after  this,  the  bank  of 
green  light,  already  extending  from  40°  to  15^  \V  of  X..  gradually  pnssed  round 
the  htjrizon  towards  N.  E.,  whilst  a  lew  faint  streamers,  at  an  an;.fle  of  80°  to 
75"  to  the  horizon,  brought  the  display  in  the  N.  W.  to  a  close,  the  inclination 
being  westward. 

In  the  meanwhile,  the  horizon  light  had  reached  as  far  as  4J)°  II.  of  N.,  at 
which  point  another  maximum  occurred  at  11:15  ir  .m  ,  much  less  l^rilliant  than 
the  former  one,  but  more  permanent,  ficrc  three  or  four  pale  streamers  reached 
up  per|)endicularly  to  50°,  dying  off  at  1 1:25  p.  m.  after  a  few  minutes  of  brighter 
display. 

The  diffused  light  which  had  Inren  gathering  more  intensely  than  ever  on  the 
north  horizon  now  Ix'came  very  vi^-id  and  continued  so,  whilst  the  point  of  the 
first  display',  40°  \Y.  of  N.,  rapidly  gained  light,  until  it  ef|ualled,  it  not  surpassed 
that  at  the  X.*  At  12:20  a.  m.  short,  well  defined  and  (juickly-chanving  shafts  of 
pale  green  light  shot  up  from  an  intense  Ijed  of  pale  grass-green  at  40°  \V.  of  X, 
those  furthest  to  the  \Y.  apjiearing  to  radiate  from  the  centre  of  the  patch.  At 
12:25  A.  M.  a  massive  column,  whose  width  subtended  12°  to  15°.  ran  clear  up 
to  the  zenith,  and  almost  instantly  the  quadrant  between  X.  \V.  and  X.  E.  sent 
up  broad,  bright,  converging  bands  of  the  same  green  color,  there  only  being  two 
less  brilliant  streamers  alx>ut  40°  E.  of  X.  which  failed  to  reach  the  zenith,  and 
which  made  an  angle  of  about  80°  to  the  horizon,  inclining  eastwards.  The 
light    on    the    horizon    underlying    these    two    streamers    was    likewise    less 


bright  than  elsewhere.    The  whole  quadrant  wa«  ouw  ablaiee  to  the   zenith 

dmall  white  clouds  in  the  zenith  taking  on  a  complementary  red.  That  the  red 
was  complementary  was  easily  ascertained  by  looking  at  them  immediately  after 
closing  the  eyes  for  a  few  seconds.  I  read  the  time  from  a  dark-faced  watch  at 
thiij  time  as  12:25  a.  m,  with  perfect  ease.  During  the  maximum  the  horizon- 
hght  in  the  north  oscillated  vigorously  in  a  horizontal  direction  for  some  15 
seconds,  with  an  eflcct  one  might  obtain  by  observing  many  Btict  tin  ting  parallel 
surfaces  in  their  own  plane^  or  closely- packed  transparent  strata  under  sim';iar 
conditions.  I  will  not  say  that  corruscation  was  connected  with  this  oscillator^' 
movement,  bnt  I  think  so. 

This  last  display  brought  the  aurora  to  a  climnx  and  a  close,  for  it  had 
barely  subsided  when  I  noticed  a  general  mist  covering  np  what  had  Ijcen  till 
then  a  clear  st«nrry  sky.  and  within  15  minutes  from  the  disappearance  of  the 
auroral  light.thesky  was  f>erfectly  overcast,  and  very  fine  rain  falling* 

Slretford,  Lancashire,  England,  j.  maclair  horaston. 

Solar  Halo  and  Block  Suns, —On  the  3<>th  April,  a  brilliantly  clear  day,  a  fine 
bulo,  50-  diameter  iniisidc  measure*  accompanied  the  Sun  from  2:45  P.  M.  (G-  M. 
T.)  to  sunset.  From  S,  \V^  through  \\\  to  N,  W,  the  sky  was  pencilled  with  deli- 
cate parallel  striof  of  cirro<stratus«  the  genenil  Ite  of  which  was  at  an  angle  of 
3*»  to  4-'  to  the  horizon,  the  inclination  being  northwards.  A  line  passing 
through  the  halo  and  Sun  at  the  same  angle  bisected  a  Mock  Sun  at  each  point  of 
intersection  with  the  halo.  The  image  on  the  S.  side,  as  well  as  the  S,  side  of  the 
halo  itself,  wa*  brighter  than  tho5»e  opposite,  though  the  image  on  the  X  side 
w»as  l>etter  defitird.  Each  image  had  a  corona  of  diffused  It^ht.  clongfited  later- 
Blh%  The  circle  enclosed  by  the  halo  was  of  a  dusky  slate,  the  Sun  being  of  a 
dazzling  silver  white  in  the  centre.  The  interior  edj^e  of  the  halo  was  red,  the 
outer  edge  blue,  and  beyond  the  latter  was  a  broad,  bright  circle  of  light  blue 
shading  off  grad  a  ally  into  the  d»\rker  blue  of  the  surrounding  sky. 

Throughout  the  evening  a  four-days*  Mr»on  was  encircled  by  an  orange- 
red  corona,  coincident  with  the  Moon's  edge  on  the  dark  limb,  nnd  extending  m 
lunar  <liameter  from  the  bright  limb.    The  earth-shine  was  cop(»ery. 

Stretford.  Lancashire.  England,  j.  maclair  borastoj*. 

Wolsiagliam  Observatory,  Circular   No.   32.— The  star    DM.   4-   55**  1870, 

XVI"^  3ii'"  4U\  4-  55"  ri'  ('55),  9.'2,  was  iound  7-3;  7.7.  April  26;  29.  Variable 
Spectrum  like  Mirn.  T.  E.  EsriM, 

Kayser  and  Range  on  the  Spectra  of  the  Elements,-- Professor  C.  Runge's  ar- 
ticle on  another  page  **0n  the  Line  Spectra  of  the  Elements"  is  from  the  pen  of 
one  well  qualified  by  long  investigation  to  write  on  a  subject  of  so  great  import- 
ance. The  recent  appearance  of  Fart  V  of  Professors  Kayser  and  Runge's  ser- 
ies of  papers,  **  Ueber  di  Speciren  der  Elemenle,'*  is  an  evidence  of  progress  in  a 
research  which  promises  much  toward  our  knowledge  of  molecular  vibrations. 
In  this  last  contribution  the  arc  spectra  of  copper*  silver  and  >{old*are  described 
in  detaib  K  concave  grating  of  21  It  rudius  and  20,0(10  lines  to  the  inch  (ruled 
on  Professor's  Rowland's  second  machine  b  made  it  possible  to  secure  photographs 
20  inches  in  length  with  a  sinijle  exposure.  It  is  a  pleasure  to  see  the  wave- 
lengths expressed  in  six  figures,  and  the  limiting  error  given  for  each  line.  Other 
investigators  would  do  well  to  profit  by  this  example*  As  in  the  case  of  the 
alkali  metals,  two  secmdary  series  of  double  lines  with  constant  oscillation 
differences  were  found  for  copper  and  silver;  the  principal  series  seemed  to  be 
missing,  though  a  strong  double  line  was  noted  as  possibly  forming  the  fir»t 
member.    No  scries  were  found  in  the  case  of  gold* 


Astro-Physical  Notes.  523 

Tilt  Spectmm  of  Comet  a  1892  ( Swift ).~Thi8  morning  I  obtained  an  obser- 
vation of  this  bright  comet  with  the  spectroscope  of  the  36-inch  equatorial. 
The  spectmm  is  at  present  of  the  usual  type.  The  spectrum  of  the  nucleus  is  ap- 
parently continuous  and  visible  from  about  C  to  G.  It  was  made  quite  broad 
by  the  long  telescope,  and  I  observed  that  it  was  more  sharply  defined  on  the 
east  edge  than  on  the  west  [the  slit  was  parallel  to  the  equator].  Later  it  wa» 
seen  that  the  sharp  edge  and  the  diffuse  edge  corresponded  to  the  sides  of  the  nu- 
cleus from  and  towards  the  tail. 

The  thiee  well-known  yellow,  green  and  blue  bands  were  present,  their  inten- 
sities being  approximately  in  the  ratio  1:6:2.  Their  lower  edges  were  quite 
sharply  defined.  When  the  slit  was  narrowed  to  0.004  inches,  the  bright  line  on 
the  lower  edge  of  the  green  band  became  exceedingly  sharp,  and  could  be  bi- 
sected by  the  micrometer  thread  with  extreme  accuracy.  There  was  apparently 
no  condensation  at  the  point  where  it  crossed  the  continuous  spectrum,  except 
what  would  be  expected  from  the  superposition  of  the  two,  thus  showing  that 
the  bright  line  is  characteristic  of  the  coma  rather  than  of  the  nucleus. 

The  wave  lengths  of  the  less  refrangible  edges  of  the  bands  were  obtained  by 
comparison  with  nine  lines  in  the  iron  and  magnesium  spark-spectra.  A  60*^- 
prism  was  used,  there  being  insufficient  time  before  dawn  to  change  to  a  higher 
dispersive  power.  However,  the  distances  to  be  measured  were  short,  esjiecially 
for  the  middle  band,  and  the  settings  could  be  made  very  ar*curately ;  and  I  ^ive 
the  results  to  four  and  five  places,  as  below : 

A  =  5630       A  =  5170.4       A  =  4722 
31  .4  24 

28  .5  22 


A  =  5630        X  =  5170.4        A  =  4723 
These  wave-lengths  are  not  corrected  for  relative  motion  of  the  earth  and 
comet. — The  Astronomical  Journal.  w.  w.  Campbell. 

Mt.  Hamilton,  1892  April  6. 

Photography  of  The  Ring  Nebula  in  Lyra.— Father  Denza  has  recently  made  a 
very  successful  photograph  of  the  ring  nebula  at  the  Observatory  of  the  Vatican^ 
and  in  *'  P Astronomic  "  for  May  a  heliotype  reproduction,  enlarged  78  diameters 
from  the  original  negative,  may  be  found.  Not  only  is  the  central  star  very  prom- 
inently shown,  but  there  seems  to  Ije  evidence  in  addition  of  a  much  fainter  one,  also 
within  the  annulus.  It  is  remarkable  that  this  star  (if  it  certainly  is  a  star)  should 
have  been  obtained  by  the  Roman  astronomer  with  an  exposure  of  only  1^  50™. 
while  M.  Tr^pied,  using  a  similar  telescope  at  Algiers  in  August,  1890,  found  no 
certain  trace  of  such  an  object  with  an  exposure  of  6  hours. 


A  Large  Hew  Nebula  in  Auriga.— The  following  note  by  Professor  Schaeberle 
is  taken  from  Pub.  A.  S.  P.,  No.  22 : 

On  receiving  the  announcement.  February  6th,  of  the  discovery  of  Nova  Auri- 
gae.  Professor  Holden  requested  me  to  use  the  Crocker  telescope  for  photographic 
observations  on  this  star.  The  same  day  (February  6th)  the  Willard  lens  was 
therefore  strapped  to  the  6-inch  Clarke  equatorial,  and  a  series  of  exposures  made 
that  evening.  Similar  observations  have  liccn  made  on  every  clear  night  up  to 
the  present  time. 

On  a  plate  which  I  exposed  for  150™  on  the  evening  of  March  2 1st,  I  find  a 
largeand  apparently  new  nebula  in  R.  A.  5^  9™. 5,  Dec.  -f-  34-^  10'.  The  north  pre- 
ceding part  of  this  nebula  is  in  the  form  of  a  comparatively  slender  ray  which 
seems  to  have  its  origin  in  the  star  W.   B.  5^,  No.   151.    This  ray  gradually 


widens — the  nortbem  boundary  running  in  an  easterly  direction  for  a  quarter  of 
a  degree  or  more;  the  southern  boundary  rtin»  in  a  southeasterly  direction^  pass> 
ing  just  a  little  to  the  north  of  the  star  W.  Bn.  5\  No.  162  (a  naked-eye  star) 
around  which  it  appears  to  Ijcnd,  and  then  takes  a  southerly  course  eictending 
nionc  than  a  c]naricr  of  n  degree  beyond  tbt^  star. 

In  a  s«iutbeoaterly  direction  iho  Ifugtli  of  the  nebula  visible  on  the  plate  is 
more  thnn  half  a  degree,  while  its  width  varies  from  a  few  miniite«  of  arc,  at  the 
star  No.  151,  to  twenty  or  more  minutes  iipposite  the  star  No,  1L>2, 

A  photo^aph  taken  February  27  which  I  est  posed  for  90*"  shows,  less  ccin- 
spicuonsly,  the  same  object.  Since  the  2 1st  the  weatljer  has  been  unfavorable  bo 
that  the  possibility  of  sceinpf  the  nebula  visuBJij-  is  still  a  rjuestion  to  l^e  decided 

Lick  Observatory,  March  23,  1892.  j.  M.  scriAEtiERLit. 

P.  S  — On  the  eveniiigH  of  March  2-t  and  23  I  made  exposures  of  200"'  ijuJ 
195"'  res|}ectiveh%  These  plates  phunly  show  that  the  nebula  joins  the  above 
mentiuned  stars  \V.  B.  5^\  Nos.  151  arid  ir»2.  Prints  made  so  as  to  show  only 
the  brightest  parts  of  the  nebula  reveal  the  followmg  structure: 

A  narrow  stream  of  nebulosity  issues  from  the  star  No.  151  on  the  cast  side* 
a  short  distance  Irom  this  star  the  stream  divides  into  two  parts;  one  running 
in  a  southeasterly  direction  passing  the  star  No.  162  at  n  distance  of  two  or 
three  minutes  of  arc,  then  suddenly  curving  in  towards  the  star,  which  it  joins  in 
the  southeast  quadrant.  This  stream  is  inclosed  by  the  other  branch,  which 
first  runs  in  a  more  eosterly  direction  until  it  reaches  a  point  northeast  of  the 
star  No.  1152.  where  it  suddenly  curves  in  towards  this  star  and  joins  it  in  nearly 
the  same  posit  ionangle  as  the  first  branch  >  From  this  same  point  of  junction 
a  third  stream  mns  from  the  star  in  a  southerly  direction  for  a  distance  of  5'  or 
more  and  then  turns  towards  the  cast.  On  the  original  plates  several  very  faint 
early  etfuidistant  bands  of  luminosity  are  shown  in  the  northern  part  of  the 
ebula.    Taken  as  a  whole  a  certain  resemblance  to  the  Orion  nebula  is  apparent. 

},  M,  S. 

The  Portrait  Lens  in  Stellar  Photography.— While  the  above  note  sufficiently 
indicates  the  import.^nt  part  played  by  the  portrait  lens  in  astrcmomiczil  photog- 
raphy, the  varied  und  valu.Mblc  results  recently  obtMined  by  Dr.  Max  Wolf  At 
Heidelberg  with  the  same  mtHttn  are  even  more  striking.  Although  Dr.  Wolf* 
portrait  lens  ts  only  2H  inches  in  a|jerture,  he  has  not  only  discovered  new 
nebuhi!  nn  his  long  exposure  photogrophs.  but  new  minor  planets  us  wclb  and 
everal  meteors  which  crossed  the  licld  of  view  left  perfectly  distinct  records  of 
Ihetr  flight.  Dr.  Wolf  is  to  be  congratulated  un  the  rapid  progress  he  is  making 
in  this  new  held  of  work.  ^ 

Oa  the  Photography  of  ColorSf  by  M .  G.  tippmanti.  I.  In  the  first  communica- 
tion on  this  subject  which  I  had  the  honor  to  present  to  the  Academy,  I  snid  that 
the  sensitive  fdms  which  1  then  employed  were  lacking  in  sensitiveness  and  iso* 
chn>mutism.  and  that  ihcsc  delects  were  the  principal  obstacles  to  the  general  ap- 
plication of  the  method  which  I  have  devised.  Since  then  I  have  suweeded  in  im- 
proving the  sensitive  filni,  and  although  much  yet  remams  to  1m»  done»  the  new 
results  are  sufficiently  encouraging  to  allow  me  to  present  them  to  the  Academy* 

2.  I  obtain  very  brilliant  photographs  of  the  spectrum  on  albumino-bromidc 
of  silver  films  rendered  orihochromatic  by  usaline  and  cyanine.  All  the  colors 
apfxar  at  once,  even  the  red^  without  the  interposition  uf  colored  screens,  and 
alter  an  exposure  varying  from  five  to  thirty  seconds.  On  two  of  the  plates  the 
colorsby  transmission  are  very  clearly  complementary  to  those  perceived  by 
reflection. 

3.  Theory  indicates  that  the  compound  colors  which  adorn  natural  objects 
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should  be  obtained  in  photography  in  the  same  way  as  the  simple  colors  of 
the  spectrum.  It  is  none  the  less  necessary  to  verify  the  fact  experimentally.  The 
four  plates  which  I  have  the  honor  to  submit  to  the  Academy  faithfully  reprcHent 
objects  of  various  kinds:  a  stained  glass  window  of  four  colors,  red,  green,  blue, 
yellow;  a  number  of  fla^s;  a  plate  of  oranges  surmounted  by  a  red  poppy;  a 
many-colored  parrot.  They  show  that  the  form  is  obtained  as  well  as  the 
colors.  The  flags  and  the  bird  required  five  or  six  minutes  exposure  in  the  electric 
light  or  sunlight.  The  other  objects  were  made  with  several  hours  exposure  in 
diffuse  light.  The  green  of  the  foliage,  the  gray  of  the  stone  in  a  building,  arc  per- 
fectly brought  out  on  another  plate,  the  blue  of  the  sky,  however,  became  indigo. 
It  now  remains  to  perfect  the  orthochromatism  of  the  plate  and  to  considerably  in- 
crease its  sensitiveness.    (Comptes  rendus,  April  25,  1892.) 


Magnesium  as  a  Source  of  Light — In  an  interesting  paper  on  this  subject  in 
the  American  Journal  of  Science ,  April,  1892,  Mr.  Frederick  J.  Rogers  sums  up  the 
results  of  his  investigation  as  follows: 

1.  The  spectrum  of  burning  magnesium,  as  has  already  been  pointed  out  by 
Pickering,  approaches  much  more  nearly'  that  of  sunlight  than  does  the  spectrum 
of  any  other  artificial  illuminant. 

2.  The  temperature  of  the  magnesium  flame,  about  1340°  C,  lies  between 
that  of  the  Bunsen  burner  and  that  of  the  air  blast  lamp,  although  the  character 
of  its  spectrum  is  such  as  would  correspond  to  a  temperature  of  nearly  5000°  C, 
were  its  light  due  to  ordinary  incandescence. 

3.  The  *' radiant  efficiency*'  (the  ratio  of  luminous  energy  to  total  radiant 
energy)  is  13V^  per  cent ;  a  value  higher  than  that  for  any  other  artificial  illumin- 
ant (excepting  perhaps  the  light  of  the  electric  discharge  in  vacuo,  for  which  Dr. 
Staub  of  ZQrich  has  found  an  efficiency  of  about  34  per  cent.) 

4.  The  radiant  energy  emitted  by  burning  magnesium  is  about  4630  calories 
per  gram  of  the  metal  burned,  or  75  per  cent  of  the  total  heat  of  combustion ; 
as  compared  with  15  per  cent  to  20  per  cent  in  the  case  of  illuminating  gas. 

5.  The  thermal  equivalent  of  one  candle-power-minute  of  magnesium  light  is 
about  2.4  lesser  calories,  as  against  3.5  to  4.0  for  other  artificial  illuminants. 

6.  The  total  efficiency'  of  the  magnesium  light  is  about  10  per  cent;  as  com- 
pared with  .25  per  cent  (a  quarter  of  one  per  cent),  for  illuminating  gas. 

7.  Taking  into  consideration  the  greater  average  luminosity  of  the  rays  of 
the  visible  spectrum  of  the  magnesium  flame,  it  is  certain  that  per  unit  of  energy 
expended,  the  light-giving  power  of  burning  magnesium  is  from  fifty  to  sixty 
times  greater  than  that  of  gas. 


The  Magnetic  Stonn  of  February  in  Mauritius.— At  a  meeting  of  the  Meteor- 
ological Society  of  Mauritius,  that  took  place  on  April  7,  Mr.  Meldrum  read 
a  short  paper  on  the  Sun-spots,  magnetic  storm,  cyclones,  and  rainfall  of  Febru- 
ary, 1892.  The  photographs  of  the  Sun  that  he  exhibited,  which  were  taken  at 
the  Royal  Alfred  Observatory  from  February  5  to  18,  showed  the  very  large 
group  of  spK>ts,  their  approximate  latitude  on  the  9th  being  from  6°  to  16°  south. 
Leading  on  to  the  occurrence  of  the  great  magnetic  storm  which  began  at  8** 
55"  on  the  13th,  he  states  that  its  commem*ement  was  distinctly  recorded  on 
the  three  curves,  the  horizontal  force  suffering  the  greatest  disturbance.  Up 
to  14^  the  magnet  was  in  oscillation,  the  force  increasing,  and  reaching  a 
maximum  at  13*»  43™,  after  which  it  Ijegan  to  decrease,  the  minimum  being 
reached  at  0**  15"  on  the  14th.  Further  abrupt  movements  occurred  at  4*» 
30"  on  the  14th,  the  oscillations,  as  shown  by  the  curves,  being  very  numerous 


btit  at  19^  the  magnets  became  marcstcad5%  and  were  quiet  b^'  S*"  on  the  15tb, 
The  ranges  obtained  at  the  Mauritius  Observatory  were  the  largest  ever  re- 
corded there. 

Cyclones  were  not  absent  during  thia*  month.  One  lasted  from  the  11th  to 
the  14th*  and  another  from  the  25lh  to  the  28th,  while  a  third  was  also  exper- 
ienced on  the  21st  and  22d,  about  550  miles  south  of  Mauritius.  The  rainfall 
tor  February,  as  shown  byrctiirns  from  the  numerous  stations,  was  from  4.30  to 
ir»,l»6  inches  above  the  average  for  periods  of  7  to  29  years.  At  Antoinette  the 
(all  for  the  month  amounted  to  12-53  inches,  while  that  at  Cluny  came  to  34.37 
inches.  St.  Aubin  and  NouveUe  France  came  in  for  a  considerable  quantity  of 
ram,  the  falls  in  the  24  hours  ending  at  8  a.  m.  on  the  13th  reaching  the  figures 
5  00  and  IM.20  mchcs  ixsjiectivcly.  Referring  lastly  to  the  magnificent  disphiysof 
aurora:  that  have  been  observed  both  in  Europe  and  America,  he  mentions  that, 
id  though  at  Mauritius  the  sky  was  overcast »  under  similar  conditions  with  re- 
spect to  solar  activity  and  terrestrial  magnetism,  a  great  display  was  visible  in 
1872.  Mr.  Meldrum,  in  his  concluding  remarks  as  to  whether  'there  is  a 
cuusal  connection  between  solar  activity  (as  indicated  by  outbursts  on  the  sun) 
and  magnetic  disturbances,  auroras,  cyclones,  and  rainfall,"  remarks  that  with 
regard  to  the  two  fi»rmer  there  can  hardly  be  any  doubt,  but  with  regard  t<i  tlic 
ttvo  latter  he  is  of  opinion  that  a  very  close  connection  does  exist,  there  being  a 
considerable  preponderance  of  evidence  in  its  favor.— iVa  tare,  May  5,  1892. 


Qn  the  Periodicity  Common  to  Sun^-spots  and  the  Aurora  6oreaHs.^(  Ex  tract  of 
a  letter  from  Dr.  Tcrby  to  M.  Fayc  in  the  Comptcs  rcndus  (Paris)  XIarch  21  ♦ 
1892), 

"I  request  of  the  Academy  permission  to  claim  priority  on  the  subject  of  a 
qoestion  raised  by  the  last  aurora  borealis  and  it&  coincidence  with  the  existence 
of  a  very  large  Sun-spot.  Several  scientists,  among  whom  I  will  mention  MM, 
Vecder  in  America  and  Marchand  in  France,  no  longer  hesitate  to  admit  that  cer- 
tain Sun-spotB,  or,  in  general,  certain  disturlx-d  regions  of  the  Sun's  surface,  arc 
capable  of  producing  on  the  Earth  magnetic  pcrturlmtious  and  auroras  wt>en  the 
rotation  of  the  Sun  brings  them  to  a  certain  point  on  the  visible  disc;  from  this 
they  have  arrived  at  the  conclusion  that  the  return  of  the  same  solar  disturli- 
ances,  in  the  same  regions,  by  the  effect  of  rot^ilion,  is  capable  of  causing  the  re- 
production of  similar  phenomena  at  the  surface  of  the  Earth,-  there  would  thus 
1)e  a  periodicity  of  magnetic  phenomena  and  auroras,  relnted  lo  the  time  of  the 
Sun's  synodic  rotation. 

''1  re<|uest  [lermission  to  call  attention  to  the  fact  that  these  idea*  are  only 
the  complete  confirmnlion  oil  those  which  I  expressed  in  1883,  in  a  memoir  piib> 
lished  in  the  Butktins  dc  P Academic  rayntc  dc  Bclgjquc,  third  scries,  v,  VI,  Ko.  7, 
1HH3,  eniiilcd:  •*  On  the  existence  and  cause  of  a  monthly  i»eriodicity  of  Ihc  Au- 
rora Borealis."  This  pniKr  is  bfiscd  on  the  study  of  the  solar  surface  in  tliephtv 
tographs  obtained  al  Kcw  from  18G9  to  1871,  and  on  that  of  the  order  of  suc- 
cession of  the  Iwnutiful  auroras  which  apjx'arcd  at  this  time,  ordinarily  at  inter- 
vals of  nbout  a  month,  the  greater  part  ol  which  I  observed  myself  at  Lotivatn. 
I  agree  with  M,  Marchand  in  the  opinion  that  the  terrotrial  phenomena  eoincide 
with  the  passage  and  uHen  with  the  rvturn  of  the  solar  disturbance  over  the  eet>- 
tral  meridian  of  the  Sun.  It  wW  thus  he  rerr  i n teres tinj;^  fo  ftntc  whether  a  new 
nttrorn  horcufis  is  not  seen  about  March  12^  after  the  benaiifal  phenomenon  of 
February  14  last.*' 

•*  Louvain,  March  6,  1892.*" 

It  will  Ik  rememliercl  that  a  bright  aurora  accompanied  by'  a  magnetic 
«torm  occurred  on  the  predicted  date. 
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On  the  ConiMCtion  between  Snn-Spots  and  Magnetic  Storms.— The  following  is 
from  an  article  on  the  above  subject  bj  Mr.  A.  C.  Ranyard  in  Knowledge  for 
April,  1892: 

It  is  possible  that  thon^^^h  the  Sun  itself  may  not  be  magnetic,  it  may  act  as 
a  magnetic  body  because  it  is  surrounded  by  a  magnetic  envelope  or  region  where 
its  gaseous  constituents  are  precipitated  into  solid  or  liquid  magnetic  particles. 
During  the  past  year.  Professor  Dewar  has  shown  that  oxygen  becomes  strongly 
magnetic  when  liquefied  at  a  temperature  of  — 180°  Cent.  The  vapors  of  iron 
when  precipitated  in  the  comparatively  hot  lower  regions  of  the  corona,  would 
also  form  a  cloud  of  magnetic  fog  or  dust.  There  is  some  evidence,  in  the  forms 
of  the  coronal  streamers  seen  in  the  neighborhood  of  the  Sun's  poles,  that  the 
coronal  particles  are  magnetic,  and  tend  to  arrange  themselves  along  lines  of 
force,  as  if  the  whole  Sun  had  a  magnetic  axis,  nearly  but  evidently  not  accu- 
rately, coincident  with  the  Sun's  axis  of  rotation. 

The  corona  is  far  from  being  accurately  s\Tn metrical  with  respect  to  the  Sun's 
axis  of  rotation;  it  is  denser  in  parts,  and  has  projecting  rays  or  structures 
which  extend  to  a  great  distance  from  the  Sun,  especially  in  the  Sun's  equatorial 
regions.  On  the  above  theory  we  should  expect  to  find  the  magnetic  region  simi- 
larly unsymmetrical,  and  a  hod\'  passini?  round  the  Sun,  near  to  the  plane  of  the 
solar  equator,  would  he  subject  to  very  unequal  disturbance  from  the  magnetic 
particles  of  the  corona  This  seems  to  tally  with  the  facts  observed — for  the 
greatest  magnetic  storms  have  generally  taken  place  when  a  large  spot  has  been 
seen  near  to  the  centre  of  the  Sun's  disc.  We  know  very  little  at  present  as  to  the 
connection  between  the  corona  and  Sunspots,  or  as  to  how  far  the  corona  ex- 
tends— some  of  its  larger  structures  may  extend  as  far  as  the  earth's  orbit,  or  as 
tar  beyond  our  orbit  us  the  zodiacal  light  extends.  There  is  no  evidence  that 
large  coronal  structures  exist  over  large  Sunspots,  but  there  is  evidence  of  an  in- 
timate connection  between  the  general  development  and  arrangement  of  the 
parts  of  the  corona  and  the  spottiness  of  the  Sun's  surface,  as  well  as  between 
the  development  of  large  i)rominences  and  Sunspots. 


The  Great  Sun-spot  and  its  Influence.— In  a  valuable  article  un  the  great  Febru- 
ary Sun-spot  in  Knowledge  for  April  and  May.  Mr.  E.  \Y.  Maunder  brings  for- 
ward some  important  evidence  in  regard  to  the  connection  l:)etween  Sun-spots 
and  magnetic  storms.    Mr.  Maunder  concludes  his  article  as  follows: 

In  a  period  of  nearly  nineteen  years,  therefore,  we  have  three  magnetic  storms 
which  stand  out  j)re-eminently  above  all  others  during  that  interval.  In  that 
same  period  we  have  three  great  Sun-spot  displays— counting  the  two  groups  of 
April,  18JS2,  together — which  stand  out  with  equal  distinctness  far  aljove  all 
their  similar  displays.  And  we  find  that  the  three  magnetic  storms  were  simul- 
taneous with  the  greatest  development  of  the  spots.  Is  there  any  escajK?  from 
the  conclusion  that  the  two  have  a  real  and  binding  connection?  It  may  be  di- 
rect, it  may  Ije  indirect  and  secondary  only,  but  it  must  Ik.'  real  and  cfTective. 

Consider  that  the  |>eriod  in  (|ucstion  is  j)ractically  sonic  (».S00  days.  \  mag- 
netic storm  docs  not  last  many  hour?*;  a  Sun-spot  soon  declines  from  its  greatest 
development,  or  soon  j>asscs  away  from  tlic  center  of  the  apparent  disc.  Suppose 
we  take  an  outside  limit,  and  give  a  i)erio(l  of  two  days  to  a  giant  sj>ot  to  exer- 
cise its  inlluence,  or  a  magnetic  storm  to  cxj>end  its  violence:  what  arc  the  i)roba- 
bihties  against3out  of  3.4()o  of  sich  i>eriods  of  the  one  phenomenon  agreeing  with 
3  out  of  3,4-UO  of  the  t)ther,  if  they  are  not  related  ?  If  3,4-<)()  numlxrrs  were  placed 
in  one  box,  and  3,4-00  more  in  a  second,  ami  one  from  each  bqx  were  drawn  at  a 
time,  what  is  the  chancx*  that  the  three  highest  numbers  would  be  drawn  from  the 


one  box,  simultaneously  with  the  three  highest  from  the  other^  each  to  each,  if 
the  matter  had  not  hecti  pre-arranged?  Indeed  we  might  legitimately  call  the 
coinddetice  oF  April,  1882.  a  double  one.  and  ask  the  odds  against  the  four  high- 
est numbers  from  each  box  being  so  drawn. 

Between  Sun-spots  and  storms  of  the  second  magnitude  it  is  more  difficult  to 
make  a  satisfactory  comparison,  because  it  is  not  so  easy  to  frame  a  snttsfactory 
dchnition  as  to  what  constitutes  a  secondary  disturbance.    Nevertheless  the  fol- 
lowing brief  tabic  of  large  Sun-spots  seen  since  the  l^ginning  of  1881  which  wcre| 
coincident   with   considerable  disturbances  may  prove  of  interest.    The  5pottei|| 
urea  is  given  in  millions  of  square  miles: 
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Some  of  the  above,  those  marked  with  on  asterisk,  may  fairly  be  taken  as  con- 
firming, thftugh  with  less  definiteness,  the  coiickision  drawn  from  the  correspond- 
ences between  the  greatest  spots  and  the  greatest  storms.  But  with  the  others 
it  is  not  so.  Spots  as  important  have  been  seen  npon  the  Sun,  and  the  magnctsi 
have  scarcely  fluttered,  and  storms  as  distinct  have  occurred  when  there  have 
been  only  few  spots,  and  those  but  small,  upon  the  visible  disc  of  the  Sun,  The 
table  is  important,  therefore,  not  as  adding  to  the  weight  of  the  evidence  in  favor 
of  the  connection  between  Sun-spots  and  magnetic  disturbances,  but  as  empha- 
sizing a  point  which  must  not  be  forgotten.  Though  the  diurnal  and  annual 
bbanges  of  terrestrial  magnetism  conclusively  prove  the  solar  influence  upon  it, 
though  the  connection  between  the  general  Sun-spot  cycle  and  the  general  mag- 
netic cycle  is  clearly  established,  though  even  in  minor  irregularities  the  two 
curves  closely  correspond,  and  though  unusually  large  Sunspots  arc  answered  hji 
unusualh^  violent  magnetic  storms,  wc  cannot,  as  yet,  proceed  further  and  cxprcsi  l 
the  magnitude  or  character  of  the  magnetic  disturbances  in  terms  of  the  spotted 
area  of  the  Sun,  or  of  its  principal  groups  at  the  time  of  observation.  The  con- 
chisipn  to  my  own  mind  seems  to  be  that  though  Sunspots  are  the  particular 
solar  phenomenon  most  easily  observed,  we  must  not  infer  therefore  that  their 
number  and  extent  afford  the  truest  indication  of  the  changes  in  the  solar  activ- 
ity which  produce  the  perturbations  we  remark  in  our  magnetic  needles. 


Absorption  Spectra  of  Metallic  Films.— [n  the  American  Chemical  JoatfiA! 
March,  1892,  Mr,  \V.  L.  Dudley  describes  the  methods  he  has  employed  in  form- 
ing vcrj'  thin  films  of  various  metals  on  transparent  surfaces*  He  remarks  as  fol- 
lows in  regard  to  the  absorfHion  spectra  of  the  films:  *'  Many  of  the  films  which 
corresjjondcd  closely  in  color  to  the  incandescent  vapor  of  the  respective  metJils 
prere  examined  carefully  as  to  their  absorption  spectra  by  throwing  a  powerful 
cam  of  white  light  through  them.  If  the  same  molecular  condition  existed  in 
the  61m  as  in  the  incandescent  vapor,  we  would  expect  to  have  the  same  absor 
tion.    In  other  words,  the  dark  lines  of  the  absorption  spectrum  of  the 
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should  coincide  with  the  bright  lines  of  the  emmission  spectrum  of  the  incan- 
descent vapor.  I  found  in  every  case,  however,  that  the  films  gave  simply  gen- 
eral absorption,  no  bands  or  lines  being  indicated.'* 


The  Visible  Spectrum  of  Nova  Auriga.— The  following  letter  from  Professor 
Campbell  has  been  received  just  as  we  go  to  press.  We  regret  that  the  photo- 
graph has  not  arrived  in  time  to  appear  this  month,  but  it  will  be  used  in  connec- 
tion with  the  article  on  the  spectrum  of  the  Nova  which  will  probably  be  found  in 
our  August  number. 

Mount  Hamilton.  May  16, 1892. 
A/7  Dear  Professor  Hale : 

I  send  you  by  express  to-day  a  photographic  cop^'  of  a  drawing  of  the  visible 
spectrum  of  Nova  Auriga?.  It  is  based  almost  wholly  on  my  observations  of  Feb. 
8,  Feb.  9,  and  March  13.  One  bright  line  was  observed  on  March  13  which  is 
not  shown  in  the  drawing.  Altogether  there  are  thirty  bright  lines  whose  posi- 
tions I  determined,  two  bright  lines  (at  680  and  4-32)  whose  positions  were  not 
determined,  and  ten  dark  lines. 

My  visual  observations  have  been  reduced  a  month  or  six  weeks,  but  I  have 
delayed  sending  them  to  you  in  order  that  I  might  send  the  photographic  results 
with  them.  But  they  are  not  yet  ready  owing  to  a  pressure  of  other  work,  to  the 
very  great  complexity  of  the  photographs,  and  to  the  time  consumed  in  deter- 
mining the  best  methods  of  enlarging,  measuring,  etc.  Spectroscopic  photog- 
raphy is  still  in  its  infancy  here,  as  you  know,  and  it  takes  time  to  determine  ex- 
perimentally the  Ixjst  methods. 

Having  just  noticed  that  a  July  numlxfr  of  Astronomy  and  Astro- Physics  is 
not  to  be  issued,  I  thought  it  advisable  to  send  you  this  note  explaining  the  delay. 
I  hope  the  photograph  (positive,  on  glass)  will  reach  3'ou  unbroken. 

Yours  verv  trulv,  w.  w.  campbki.l. 
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PLANET  NOTES  FOR  JULY  AND  AUGUST. 

Mercury  will  l)e  at  greatest  elongation  east  from  the  Sun,  27'^  14',  July  29. 
It  will,  however,  in  our  latitude  set  only  an  hour  later  than  the  Sun,  so  thot  the 
conditions  will  not  l)e  favorable  for  naked  eye  observations.  On  August  25,  at 
9  p.  m.,  central  time.  Mercury  will  be  at  inferior  conjunction  with  the  Sun, 
about  4^  south  of  the  latter. 

Venus  will  l)e  at  inferior  conjunction,  about  5°  south  of  the  Sun,  July  9  at  a 
few  minutes  pHst  norm,  central  time.  Thirty-seven  days  later  she  will  reach  her 
greatest  brilliancy  as  "morning  star." 

Mars  will  be  stationary  in  R.  .\.  July  <>,  making  the  turn  in  the  loop 
of  his  path  through  Capricorn  (see  chart  page  p.  439).  During  these  two  months 
Mars  will  l)e  in  very  favorable  position  in  all  resfK'cts  excepting,  in  the  northern 
hemisphere,  his  low  latiiiule.  Opposition  occurs  August  3  at  midnight,  when  his 
distance  will  be  only  So.OOOjOOO  miles.  Ilis  apparent  diameter  will  then  l>e  27". 
This  opposition  is  the  most  favorable  one  for  observation  since  that  of  1877.  when 
Professor  Hall  discovered  the  two  satellites,  and  it  will  be  a  good  time  for  the 
amateur  astronomer  to  see  as  much  as  he  can  of  the  markings  of  Mars'  surface. 

There  will  l)e  an  occultation  of  Mars  by  the  Moon  on  the  night  of  JuU'  11, 
which  will  Ik*  visible  throughout  the  I'nitcd    States.     As  seen   from   Washington 
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the  occultatian  will  begin  at  ll*"  13""  p.  M.  and  end  at  12''  15"»  eastern  standard 
time.  The  Central  times  of  the  same  would  be  10**  13'«  and  11^  15""  p.  m.  re- 
ajjectively.  For  other  localities  than  Washin^on  the  times  would  vary  by  sev- 
eral minutes  one  way  or  the  other»  because  of  different  parallax  of  the  Moon. 
Mars  will  be  again  in  conjunction  with  the  Moon,  l*^  52'  south,  Aug.  3  at  21 
minutes  past  midnight. 
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Path  of  Jcpiter  auong  tbe  Stars  during  the  OtTosixiuji  of  1S92, 

Jupiter  will  be  in  good  position  for  observation  in  the  morning  during  July 
mid  .\ugust.  He  wiU  be  at  quadrature,  90^  west  from  the  Sun.  July  15:  in  con- 
junction with  the  Moon,  29'  north,  July  16  at  ij^  26'»'  p,  m.,  and  again.  2'  soiitli, 
Aug.  13.  at  1*^  26"'  A.  U.  The  last  mentioned  conjunction  will  be  an  occultation, 
as  seen  from  the  southern  parts  of  the  United  States,  Mexico,  Central  America, 
iind  the  northern  part  of  South  America.  The  accompanying  chart  shows  the 
path  ot  Jupiter  among  the  stars  during  the  remainder  of  1892  and  one  month  of 
1893. 

Sffttirn  will  be  too  far  down  in  the  west  for  good  observing,  nithough  be  may 
be  seen  during  the  early  evening  hours  u(  July. 

Uranus  will  also  be  pretty  low  for  ^ood  seeing  by  the  time  that  twilight  ends 
in  these  months,  Uranus  will  lie  in  conjunction  with  the  Moon  July  30,  at  11'* 
33"*  P*  M.»  central  time.  This  will  be  an  occulta tion  as  seen  from  the  southwest- 
cm  part  of  the  United  States  and  some  of  the  islands  of  the  Pacific. 

Neptune  is  visible  in  the  morning.  He  is  in  Taurus  about  5^  northeast  of  the 
bright  red  star  Aldebaran. 


MERCURY 

Date. 

R.  A. 
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Ritc». 
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Date  R.  A. 

1892.  h   m 

July  5 7  25.9 

15 6  59.8 

25 6  42.7 

Aag.  5 6  42.2 

15 6  56.9 

25 7  22.1 

Julv   5 21  25.7 

15 21  23.4 

25 21  16.4 

Aug.   5 21  05.0 

15 20  54.6 

25 20  47.0 

Jul3-'  5 1  25.6 

15 1  29.5 

25 1  32.4 

Aag.  5 1  34.2 

15 1  34.6 

25 1  33.7 

July   5 11  44.2 

15 11  46.8 

25 11  49.9 

Aug.  5 11  53.7 

15 11  57.6 

25 12  01.6 

lulv   5 13  59.9 

15 13  59.9 

25 14  00.3 

Aug.  5 14  01.0 

15 14  02.1 

25 14  03.4 

July   5 4  34.7 

15 4  36.0 

25 4  37.1 

Aug.   5 4  38  2 

15 4  39.0 

25 4  39.5 

Julv   5 7  01.2 

15 7  42.0 

25 8  21.9 

Aug.   5 9  04.7 

15 9  42.6 

25 10  19.6 


Dccl. 

O     ' 

+18  15 
17  09 
16  41 

16  52 

17  17 
+  17  31 

—  20  27 

21  40 

22  44 

23  48 

24  23 

—  24  29 


+ 


36 
56 
10 
18 
17 


+  8  10 


+ 


+ 


4  09 
3  50 
3  29 
3  02 
2  36 
2  09 


—  11  43 
11  43 
11  45 
11  50 
11  56 

—  12  03 

+  20  28 
20  30 
20  32 
20  34 

20  35 
+  20  36 

+  22  VJ 

21  23 
19  28 
16  43 
13  46 

+  10  27 


VBNU8. 
Rites, 
h  m 

5  10  a.m. 
4  10  •* 

3  15  ** 
2  30  •• 
2  04  " 
1  49  •' 

MARS. 
9  48  p.m. 
9  13  " 

8  32  *' 

7  1:3   " 

6  56  •' 

6  10  " 
JUPITER. 

11  52  p.  M. 

11  16  •» 
10  38  " 

9  56  •* 
9  17  " 

8  38  " 
SATURN. 

10  27  a.m. 

9  52  •• 
9  17  " 
8  39  •' 
8  05  *• 

7  32  " 
URANUS. 

1  45  P.  M. 

1  04  •* 

12  27  •* 

11  46  a.m. 

11  07  •' 

10  30  ** 

NEPTU.NE. 

2  09  A.  Nf. 
1  30  •' 

12  52  " 
12  10  '* 

11  27  P.  M. 
10  48  *• 

THE  si:x. 

4  22  A.  M. 
4  31  '• 

4  40  '• 

4  63  " 

5  04  ** 
5  16  •* 


Transits, 
h   m 
12  29.0  p.m. 

11  23.7  a.m. 
10  27.3  " 

9  43.6  " 
9  18.8  " 
9  04.8  " 

2  26.4  a.m. 
1  45.0  " 

12  58.6  *' 
12  04.1  •' 
11  14.3  P.  M. 
10  27.4  ** 

6  25.8  A.  M. 
5  50.3  •• 
5  13.8  " 

32.4  " 

53.5  '• 
13.3  " 


3 
3 


4  46.7  P.  M. 

4  10.0  " 
3  33.8  " 
2  54  2  •* 
2  18.7  •* 
1  43.5  '* 

7  01  9  P.  M. 
6  22.7  ** 

5  43.8  " 
5  01.6  *• 
4  22.9  •• 
3  45.0  " 


38.3  A.  M. 
00.3  •* 
22.1  •* 
39.9  '• 
57.5  •• 
18.7  " 


12  04.4  p.  M. 

12  05.8  " 

12  06.3  •' 

12  05.7  *• 

12  04.1  »' 

12  01.7  •* 


Sets. 

h  m 

7  48  P.  M. 

6  38  " 

39  " 

67  " 

34  •• 

21  " 


5 

4 
4 

4 


7  04  a.m. 
6  17  " 

25  " 

26  " 
3  33  " 
2  45  " 


5 

4 


12  59  p.m. 
12  25  " 
11  50  a.m. 
11  09  " 
10  30  " 
9  49  •• 


11  06  P.  m. 

10  28  ** 
51  •' 
10  ** 


9 
9 


8  32  " 
7  55  " 

12  17  a.m. 
11  38  p.m. 
11  00  " 
10  18  '* 

9  38  " 
9  00  " 


08  p.  M. 
30  ** 
52  *• 

10  " 
28  ** 
49  •* 

46  P.  M. 
41  '* 


32 
19 
04 
6  48 


Date 
1892. 

Julv  6 

\   9 

^   11 

11 

^"18 

Aug.  2 

5 

10 

15 

31 


Occultations  Visible  at  Washington. 

RSIOX  EMERSIO.V 

Allele       Washini?-    An^le 
f'm  N  pt.   ton  M.  T.  f'm  N  pt  Duration. 


IMMEK 
Washing- 
ton U.  T. 

h 


Star's  Mafn^l- 

Nanie.  tudc. 

°  h  ni  o      ■      h      ... 

25  Scorpii 6.5  12  47  101  14  02  271  1    15 

B.A.C.  6666 6  7  40  41  8  23  324  0    43 

35  Capricorni....   6  8  50  72  9  55  262  1 

Mars 11  05  35  12  07  286  1 

13Tauri 6  12  43  119  13  14  195  0    31 

19  Scorpii 5  8  37  59  9  37  3v34  1 

r  Sagittarii 4  6  59  60  8  06  307  1 

B.A.C.  8274 7  8  10  77  9  06  233  0 

y*  Tauri 6  12  41  112  13  20  204  0    39 

3  Sagittarii 5  7  58  70  9  20  294  2    12 
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Mr.  Marth*8  Ephemeridea  of  the  Satellites  of  Saturn. 
[From  Moatblx  Notices,  March  1892.]. 
In  this  table  the  times  have  been  changed  from  Greenwich  Mean  Time  to  Central  Stan- 
dard Time.  The  abreviations  Rb.,  Te.,  D/.,  En.,  and  A//.,  ntand  fur  the  names  of  the  satel- 
liten  Rhea.  Tethyp,  Dione,  Enceladus.  and  Mimas  The  letters  a,  b,  c,  d,  and  c,  ntand  for 
conjunctione  of  the  satellites  in* order  as  follows:  With  the  precedinjr  end  of  the  outer 
ring;  with  preceding  end  of  planet's  equatorial  diameter;  with  center  of  planet:  with  fol- 
lowing end  of  planet's  diameter;  with  following  end  of  ring.  The  letters  n  and  5  signify 
that  the  satellite  at  the  time  of  conjunction  is  north  or  soutn  of  the  point  designated  by 
the  preceding  letter;  Sb.  means  that  the  shadow  of  a  satellite  is  near  the  central  meridian 
of  the  planet ;  Bel.  D.  and  Eel.  R.,  the  disappearance  and  reappearance  of  a  satellite  at  be 
ginning  and  end  of  an  eclipse. 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 
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Occoltations  of  Stars  by  the  Planets. 

[From  Aatr.  Nach.,  No.  3073.] 

STARS  NEAR  MARS. 

Central  Time           Diff.  of 

Maximum 

;e 

of  C  onjunction .           Decl . 

Duration. 

h     m                                 " 

m 

9 

8     o6  A.  M.              +  IQ 
I      CO  A.  M.               +8 

98 

24 

•43 

STARS  NEAR  JUPITER 

2 

9.8       A.  M.               -  67 

a.  I 

13 

2.4       A.  M.                +  20 
STARS  NEAR  SATURN. 

2.7 

2 

7.8       P.M.                +     32 

i.ih 

4 

4.9          •*               +"5 

I.I 

6 

12.5       A.  M.                —     60 

I.I 

«5 

6.8      P.  M.              -f    95 

I.O 

Y  CYGNI. 

R.  A 20»»  47»40» 

Dccl 4-  34^  IS'^ 

Period lcfll*»56» 

July       2  3  A.  M. 

5  3    •* 

8  3** 

11  2    •* 

14  2    •• 

17  2    •* 

20  2    •* 

23  2    " 

26  2    ** 

29  2    •• 

Aug.      1  2    *' 

4  2-* 

7  2    " 

10  1    " 

13  1    •* 

16  1    " 

19  1    •* 

22  1    " 

25  1    •• 

28  1     •• 

31  1    " 


Magnitude 
of  Star. 

9.0 
9.2 


91 
8.9 

9-5 
9-5 
9.5 
9.« 


Brightness  of  Asteroid  No.  334  (Palisa  Feb.  34.)— Herr  Her  bench  {Astr.  Nacb, 
3088)  finds  that  the  Asteroid  No.  324,  which  was  of  the  11th  magnitude  whei> 
discovered  in  February  last  has  an  average  magnitude,  at  opposition,  of  9.7,  and 
that  at  perihelion  its'maenitude  would  be  8.  The  late  discovert'  of  ho  brijght 
a  planet  is  quite  remarkable  and  is  to  be  explained  by  the  great  inclination  ofits 
path,  33**  25',  to  the  equator. 
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Phases  and  Aspects  of  the  Moon,    central  Time. 

First  Quarter July  1  8  13  p.  ii. 

Apogee ••  3  6  12  a.  ii. 

Full  Moon "  9  7  44  p.  m. 

Last  Quarter "16  7  48      ** 

Perigee *•  17  8  30      " 

New  Moon •*  23  5  31      " 

Apogee "  31  12  30  a.  m. 

First  Quarter *'  31  1  45  p.  m. 

Full  Moon Aug.    8  5  57  a.  m. 

Perigee "  12  4  30      " 

Last  Quarter "  15  12  37      " 

New  Moon "  22  4  59      " 

Apogee **  27  7  18  p.  m. 

First  Quarter "  30  7  29  a.m. 

Twenty-two  Asteroids  Discovered  in  1 891  .—We  take  the  following  data  from 
the  Vierteljabrscbrift  der  Astronomiacbe  Gesellscbaftf  J.  27, 1: 

No.  Name.  Date  of  Discovery.  Discoverer.  Place. 

303  Josephina  Feb.  12  Millosevichi  Rome 

304  Olga  Feb.  14  J.  Palisare  Vienna 

305  Feb.  16  A.  Charloisis  Nice 

306  Unitas  March  1  Millosevicb2  Rome 

307  March  5  A.  Cbarloisie  Nice 

308  Mai-ch31  Borrellyie  Marseilles 

309  Fraternitas  April  6  J.  Palisa??  Vienna 

310  May  16  A.  Charloisi?  Nice 

311  June  11  A.  Charloisis  Nice 

312  Aug.  28  A.  Charloisis  Nice 

313  Chaldea  Aug.  30  J.  PalisaTS  Vienna 

314  Sept.  1  A.  Charloisso  Nice 

315  Constantia  Sept.  4  J.  Palisars  Vienna 

316  Sept.  8  A.  Charlois2l  Nice 
:-il7                                          Sept.  11              A.  Charloisw  Nice 

318  Sept.  24  A.  Charlois28  Nice 

319  Oct.  8  A.  Cliarlois-4  Nice 

320  Oct.  11  J.  Palisaw)  Vienna 

321  Oct.  15  J.  Paliaasi  Vienna 

322  Nov.  27  Borrellvi?  Marseilles 

323  Dec.  22  M.  Wolfa  Heidelberg 

324  Dec.    1  M.  Wolfi  Heidelberg 
The  last  two  were  discovered  photographically.    No.  324  although  discov- 
ered earlier  than  323  was  at  first  thought  to  be  identical  with  an  older  planet, 
hence  was  numbered  later.    The  subscript  numbers  after  the  name  of  each  dis- 
coverer indicates  the  number  of  the  asteroids  discovered  by  that  person. 

COMET  NOTES. 

The  weather  during  the  past  month  has  been  unusually  bad  so  that  we  have 
had  but  few  opportunities  to  observe  the  comets.  Swift's  comet  is  growing 
rapidly  fainter  but  is  yet  a  conspicuous  telescopic  comet  with  a  faint  tail  about 
5"  long.  It  ought  to  \ye  followed,  with  large  telescopes  at  least,  a  couple  of 
months  longer.  It  is  moving  northeast  through  the  constellation  Andromeda. 
Win necke's  comet  reaches  its  theoretical  maximum  brightness  July  8.  It  is  now 
quite  conspicuous  in  a  five-inch  telescope.  It  is  moving  rapidly  south  and  west 
and  will  pass,  during  June  and  July,  through  the  constellations  Leo  Minor,  Can- 
cer, Gemini,  and  Orion,  into  Eridanus.  The  two  comets  Brooks,  1886  IV,  and 
Tempel,  1867  II,  have  not  been  found.  We  continue  the  search  ephemeris  lor  the 
former,  but  there  is  little  probability  that  it  will  l)e  found.  Denning's  comet  is  in 
Perseus  andmoving  slowly  southeast.    It  is  extremely  faint. 
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Orbit  of  Comet  a  189a  (Swift).  — Since  the  publication  of  my  orbit  of  this 
comet  as  derived  from  my  own  observations  in  the  May  number  of  this  periodi- 
cal,'! have  made  another  approximation  with  the  following  result. 

ELEMENTS. 

T  =  1892  Apr.  6.6406G  Gr.  M.  T. 
00  =    24°    29'    29" 
U  =  240      55        1 
/    =    38      42      19 
log  g~  0.01 162 

O.  C.  WENDELL. 

Harvard  College  Observatory.  May  16,  1891. 
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Observation  of  Saturn.— .\t  10:30  i».  m..  Central  standard  tinu-.  I  detected  one 
of  tlie  satellites  of  Saturn  Mppareiitly  moving  along  the  needle-like  api)cndagc  to 
the  planet,  which  is  now  presented  hy  the  rin^^s.  The  apparent  diameLer  of  the 
satellite  so  far  excee<led  the  apparent  thickness  of  the  rinv;,  that  it  gave  the  €'ij>- 
|jearance  of  a  l)eaulii"ul  golden  l)ead  moving  very  slowly  along  a  tine  golden 
thread.  I  tollowed  it  foi  an  hour  during  which  time  the  change  of  position  was 
fjerceptable  without  micromctric  measurement.  .\t  ll:.'k">  a.  m.  the  sateUiic  had 
moved  off  the  thread  and  sto()d  with  three  others  to  the  west  of  the  ring,  ns 
sitn  in  theinveriing  lelescoixr.  L.  w.  indmrwood. 

I'ndcrwood  Oliervatory,  .Appleton,  Wis. 

At  Goodsell  Observatory  we  hapj)ened,  with  some  students,  to  be  looking  at 
Saturn  with  n  10-inch  telescofx*  at  ab.)ut  1) '  «J  )'"  i*.  m.  central  tim^  on  the  same 
night  as  the  abo\e.  The  satellite  Titan  was  a  little  below.  /.  c  north  of,  the 
ring,  just  in  contact  with  it,  oti  the  east  side  of  the  planet.  Tlie  diameter  of  the 
satellite  appeared  to  In.-  about  three  times  the  thickness  of  the  rings,      h.  c.  w. 
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Renders  of  this  journal  will  plensc  rrraembcr  that  our  next  issae  will  be  for 
the  month  of  August,  us  July  is  one  of  our  vacation  months. 


Duntig  the  last  month  the  observers  at  Goodsell  Observatory  haire  been  uii' 
able  to  do  any  work  with  the  instruments  on  account  of  rain  and  |>ersisteiit 
clouds. 

Total  Solar  Eclipse^  April  is-i6»  iSga.,  as  presented  elsewhere  by  Professor  H. 
S.  Pritchctt,  Observatory j  Washington  University,  St.  Louis,  is  an  excellent  set- 
ting forth  of  all  the  important  facts  connected  with  the  event.  Astronomers 
everywhere  will  l>e  interested  in  this  article*  not  only  on  jiccount  of  the  local  in- 
formation given,  but  also  in  the  suggestions  made  concerning  co-5peration  of  dif- 
ferent observing  parties  along  the  path  of  the  eclipse.  We  wish  to  call  special  at- 
tention to  this  latter  highly  imfKjriant  feature  of  the  paper. 

The  MiUcy  Way  by  Otto  Boeddickcr.— The  crowded  space  of  our  last  num- 
ber made  it  impossible  to  speak  of  the  four  plaies  of  the  Milky  Way,  in  port- 
folio form  made  by  Otto  Ba?ddicker,  and  published  by  Messrs.  Longmans,  Green 
&  Co.,  as  fully  as  they  deserve.    So  we  call  attention  to  them  again. 

The  drawing  was  begun  in  October,  1884-,  by  Dr.  Bctddicker.  Astronomer  at 
the  Earlc  of  Rosse's  Observatorv  at  Birr  Castle  Parsontowo,  the  object  Ix-iiig 
to  obtain  an  accurate  representation  of  the  Galaxy  as  it  appears  to  the  naked 
ejc.  In  an  accompanying  note,  the  details  of  the  plan  of  work  are  stated  quite 
fully,  and  will  show  how  faithfully  nnd  laboriously  it  was  carried  forward  to 
completion.  First  he  copied  the  maps  of  Argclander's  Uranometrm  Novn  whicb 
contained  parts  of  the  .Milky  Way.  Then  excluding;  all  extraneous  light  he  ex- 
amined a  part  of  the  Galaxy  until  satisfied  that  he  had  made  out  some  feature, 
then  by  the  aid  of  an  incandescent  light  details  observed  were  inserted  on  the 
map.  Results  were  verifiefl  on  consecutive  nights  and  further  details  added 
until  a  large  number  ol  nights  was  given  to  one  section.  The  next  step  was  to 
construct  a  large  chart  in  stereographic  projection  to  lOO'^  north  polar  distance^ 
and  thereon  insert  the  parts  of  the  Milky  Wa>\  as  furnished  by  the  sections*  in 
order  to  deduce  a  true  picture  of  the  gradation  of  light  in  the  different  sections. 
Three  diflferent  ways  were  employed  to  determine  the  uniform  scale  of  light. 
First,  different  spots  and  parts  of  the  Galaxy  were  numbered,  and  written  down 
directly  from  the  sky  in  order  of  brightness;  then  notice  was  taken  ol  the  order 
in  which  the  different  portions  of  it  appeared  from  first  twilight  to  complete 
darkness  and,  lastly,  the  order  in  which  they  disappeared  with  the  rising  Moon. 
To  be  free  from  bias,  in  carrying  the  work  forward,  the  author  avoided  all 
pictures  of  the  Milky  Way  which  had  been  previously  made  until  the  drawings 
were  completed.  The  last  stage  of  the  work  consisited  in  the  three  enlarged  sec- 
tions covering  !he  whole  of  the  Milky  Way,  and  the  general  chart  as  they  ap- 
pear in  the  finished  work. 

The  t>est  way  to  see  the  fainter  details  of  these  plates  is  to  view  them  ot  a 
distance  of  live  or  ten  feet,  for  the  evident  renson  that  the  contrast  l^etween  laint 
nebitloMty  and  the  sitrrounding  white  ground  i**  lessened  the  larger  the  area  of 
the  retina  of  the  eye,  that  is  covered  l»y  the  image  of  the  nebulosity.  Celestial  pho- 
tograpliers  arc  taking  advantage  of  this  physiological  fact  in  the  use  of  wide 
tingled  lenses  to  vary  the  nrcri  of  the  field  or  view  to  get  contrast,  for  ll»e  study 
of  details  in  the  grouping  »j1  the  stars. 
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The  comparison  of  these  drawings  with  the  excellent  ones  by  Heis,  at  once 
shows  that  the  details  of  the  former  are  more  fall  and  varied.  Boeddicker  does 
not  attempt  to  give  the  faint  luminosity  surrounding  the  Milky  Way  proper  as 
Heis  does,  because  he  does  not  ieel  sure  that  it  is  confined  to  it.  To  his  eye  the 
sky  is  covered  by  irregular  patches  of  faint  luminosity,  and  hence  is  not  every- 
where uniformly  black.  The  attempts  to  represent  the  lunes  and  rifts  with  true 
light  scale  has  proved  a  very  hard  task  as  every  artist  knows,  but  it  is  agreeably 
surprising  to  notice  how  well  it  is  done  in  this  new  wcirk.  Astronomers  inter- 
ested in  this  kind  of  study  will  find  these  drawings  a  great  help  in  studying  the 
Galaxy  which,  without  much  doubt,  is  the  key  to  the  structure  of  the  universe. 

The  size  of  these  plates  is  18  inches  by  23  inches,  and  the  price  in  folio  is 
$10.00. 


Aurora  at  Mt.  Hamilton. — Up  to  the  preient  observations,  I  had  never  seen 
the  aurora  at  Mt.  Hamilton. 

On  May  IW  S^  35™  standard  Pacific  time  (8  hours  slow  of  Greenwich), 
while  coniet  seeking  on  the  roof  of  the  Observatory,  my  attention  was  at- 
tracted to  the  northeast  by  two  rather  slender  yellowish  beams  of  light  shooting 
-vertically  from  the  horizon  near  the  star  Alpha  Cephei.  I  at  once  recognized  in 
these  the  characteristic  auroral  streamers.  The  two  beams  were  each  about  one 
degree  in  diameter  and  extended  to  an  altitude  of  some  20°,  the  distance  be- 
tween them  being  about  3°  or  4°.  They  were  conspicuous  then  for  a  few  min- 
utes but  finally  merged  into  a  single  broad  beam  which  faded  quite  rapidly.  By 
gh  45m  „Q  trace  of  the  display  remained,  nor  did  it  return  again  up  to  as  late  as 
moonrise.  E.  e.  barnard. 

Mt.  Hamilton,  May  19th,  1892. 


Aurora  at  Proridence,  Rhode  Island.— A  most  beautiful  and  brilliant  display  of 
aurora  borealis  occurred  here  last  night.  It  was  first  seen  at  our  Observatory 
soon  after  eight  o'clock.  At  that  time  it  was  not  very  brilliant,  but  consisted  of 
long  streamers  which  shot  up  from  the  north  and  northwestern  horizon,  to  a 
point  near  the  dipper  in  the  Great  Bear.  At  nine  o'clock  it  faded  away.  About 
ten  o'clock  it  quickly  brightened  up  again,  and  consisted  of  two  distinct  arches 
extending  from  the  northwest  near  Venus.  Castor  and  Pollux  to  a  point  in  the 
northeast  near  the  Cross  in  Cygnus.  On  the  horizon  the  so-called  dark  segment 
was  easily  seen,  and  the  stars  of  Cassiopiea  shone  as  through  a  thick  fog.  The 
most  brilliant  part  of  the  Aurora  was  between  Cassiopiea  and  Polaris.  This  was 
of  a  most  dazzling  j'cllow  light.  About  eleven  o'clock  the  aurora  was  at  its 
height  and  consisted  of  the  two  arches  which  were  broken  up  into  streamers, 
some  of  the  streamers  extending  as  far  south  and  west  as  a  Virginis.  The  light 
was  very  bright  and  resembled  a  moonlight  night.  At  times  the  streamers 
seemed  almost  to  unite  at  a  point  near  Arcturus  to  form  a  crown,  but  no  well  de- 
fined crown  was  formed.  From  half-past  eleven  until  after  two  o'clock  the  au- 
rora gradually  faded,  and  by  two  o'clock  nothing  was  left  of  it  but  a  few  patches 
of  white  Kght  near  the  northern  horizon.  The  display  of  last  night  was  one  of 
the  finest  of  the  year,  none  equaling  it  except  the  one  of  Feb.  13.  The  color  of 
this  Aurora  was  white  and  yellow,  the  red  color  which  usually  accompanies  bril- 
liant displays  being  absent.  At  the  time  of  greatest  brilliancy,  and  when  it 
broke  up  into  streamers,  the  horizontal  magnetic  needle  was  greatly  disturbed  as 
usual.  No  observations  were  taken  here  with  the  si)ectroscope.  The  observa- 
tions with  the  magnetic  needle  were  made  by  IVofessor  C.  Bates  Johnson. 

Providence,  May  19,  1892.  F.  E.  sfagravk. 


Occultation  of  Uranua,  April  ia>  189a —At  Toronto  this  occulta t ton.  which 
jtaok  plfictrrti  11*^  Til"' 4*  Enstern  standard  time,  was  well  seen.  Sky  clear,  air 
tcady,  (Icfinitioi)  jgoo»f,  Uranus  w*as  picked  np  at  IP  15"*  and  easily  followed 
up  to  bright  limh  of  the  Moon.  Approach  seemed  rapid;  and  di!sapf>earancc  al- 
most  instantaneous,  though  planet  was  shown  with  Mpprcciahlt.'  difc.  At  d»s^ 
tancc  of  aljoni  Moon's  breadth,  Uranus  seemed  to  be  of  same  color  as  Mo«>i 
when  eye  has  l>econic  riecustomed  to  her  glare^  bat  as  the  planet  approached,  hi! 
disc  took  on  a  greenish  tinge  which  deepened  until  occultation;  wime  tint 
was  seen  on  emergenc*e  at  1**  10^  a.  m.  Tint  faded,  until  2  o'clock,  normal  , 
color  was  rrsiorcd.  Observation  made  with  ten  and  onc-qunrter  inch  VVitfc 
Browning  reflector,  power  of  144,  and  Bnrlow  lens.  Planet  picked  up  with  ' 
Keliicr  eye-piece.  i»ower,  f>0;  idl  |K»wers  showed  disc.  g.  e.  LrMSDE*x. 

At  the  Seagraves  Observatory  the  planet  was  well  seen  even  in  contact  with 
the  Moon's  fright  limb  near  the  emersion.  The  time  of  emersion  is  very  uncer- 
tain as  light  clouds  covered  the  Moon  at  that  time. 

}M.MERSION. 

h  m  9 

Firstcontacl , ..••*».*•*..!"  12  5  7.5 

JMfcond  contact „«.,.,^.«.., ..12  5  llJJ 

EMERSION. 

h        TO         • 

Mean  of  both  contacts. ,. ...13    32    21 

F.   E.  SEAGBAVII^. 

Proceedingfl  of  flarverford  College  Obsenratoxy^  iSgt,— This  volume  fontnin*  avH 
Investigation  cjf  the  Parallax  of  the  double  star  «^  Herculis  =  2  312T.  the  Results 
of  Double  Star  meastjfes.  Observations  of  Comet  Wolf,  made  during  IMM,  and 
Sun-spot  observations  from  April  1S90  to  t^ec.  31,  1891,  The  first  menliuned 
work  is  by  the  Director  i»f  the  observatory,  F,  P.  Lvavcn worth,  and  dependi 
upon  micrometrical  measures  of  position  angle  and  distance  of  the  companion 
from  the  principal  star  on  45  niijhts  from  June  20,  1889,  to  Xov.  30,  1891.  Mr. 
Leavcnwt»rth  hiis  taken  great  p*Mns  t<i  detcrnnnc  the  effect  of  personal  equation 
depending  ufwn  the  position  of  the  eyes  relative  to  the  line  joining  the  stars  ami 
the  angle  from  the  meridian  The  mensui'cs  <»f  position  angle  were  taken  with 
the  eyes  in  three  different  positions,  vias.:  norifinl,  that  is  perpendicular  In  the  line 
joining  the  stars,  parallel  to  the  same,  and  horijEontal.  The  portion  nni^le 
for  189U0  was  approximately  187^  aufl  the  dis-auce  16'*,  The  results  indicate 
that  the  personal  equation  varies  eonsiiU-rably  both  with  the  pnsition  of  the 
eyes  and  with  the  hour  angle  and  that,  in  this  ca*e»  the  measures  with  the  eye« 
normil  are  the  m  ist  a:curate.  Thf  final  valui*  obtained  for  the  parallax  of 
*»  Herculis  is  ir  ^  -f  0  050"  ±   0,014",  H.  C.  w. 

Annual  Report  of  the  Observatory  of  Paris.— The  report  of  the  Director.  Adttiira 
Mouchez.  as  usual  indicates  a  large  amcjunt  ol  work  Ijeing  dcme  at  the  Observa' 
tory.     We  notice  that  the  numljer  of  meridian  circle  observations  l<*r  the  yenr 
1891,  by  nine  observers,  fools  up  to  19,458.    Messr»*.  Loewy  and  Puiseux  hAve 
been  eng.iged  a  large  part  of  the  time  in  the  adjustment  and  study  of  the  instr 
mental  constani*  ol  tUe  new  eipiatorial  cnwie.     The  .Ntessrs.  Henry  l>egan  in  Scf 
icmUr  the  regular  w<»rkof  charting  by  photography  thcirassigncrl  xoneof  thcskv^ 
and  obtained  during  the  year  i:i3  plates.     M.  Deslandres  has  been   actively    at 
work  in  the  new  department  of  the  Observatory  devoted  to  sjieetroscopy and  hii«_ 
achieved  marked  f^uccess  in  photojfraphing  the  chn»mos|iherc  and  prominences 
the  Sun.    Constderikble  space  in  the  report  is  given  to  the  meeting  of  the  Interni 
lional  Committee  tm  the  l*h«»t*>gra|dnc  Chnrt  uf  the  skv,  which  was  held  at  P«f' 
in  .March  and  Apiil  of  last  year.  11.  C,  w, 

•  Very  uncertain  by  Mcvemi  •rcondt*. 


mi 


News  and  Notes.  541 


The  Opposition  of  Mars  in  1892.— A  circular  prepared  by  Professor  Eastman  of 
the  U.  S.  Naval  Observatory  contains  the  following  information:  The  determina- 
tion of  the  solar  parallax  by  means  of  meridian  observations  of  Mars  at  oppo- 
sition was  attempted  in  1862  and  again  in  1877.  The  results  obtained  in  those 
years  have  been  generally  considered  by  astronomers  as  numerically  too  large. 

The  opposition  of  Mars,  early  in  August,  1892.  will  afford  another  opportu- 
nity for  employing  the  method  used  in  1862  and  1877.  The  ()])servations  and  re- 
sults obtained  in  1877  indicated  the  probability  of  a  systematic  error  in  the 
observations  of  Mars,  or  of  the  comparison  stars,  or  [K'rhaps  of  both.  It  is 
believed  that  a  modification  of  the  usual  method  of  observing  would  eliminate,  at 
least,  one  probable  source  of  systematic  error  in  observing.  For  this  reason,  and 
for  the  puqxjsc  of  testing  the  reality  of  the  apparcTit  coincidence  of  the  values  of 
the  parallax  obtained  in  1877,  and  by  Mr.  Stone  in  18G2,  it  is  earnestly  hojK^d 
that  all  observatories  having  the  nccessar\'  equipment,  and  esiK^cially  all  those  in 
the  southern  hemisphere,  will  cordially  coojierate  in  the  proiK)sed  observations  of 
Mars  and  the  comparison  stars  according  to  the  foHowing  ])rogram: 

MKTIIOI)  OF   OHSERVI.NC;. 

1.  It  is  essential  that  all  the  <)!)servatories  in  the  southcni  hemisphere  that 
are  provided  with  meridian  circles  ol'  more  than  4-..')  inches  a]KTture,  and  at  least 
an  ef|ual  number  oi"  northern  observatories,  should  partici])€ate  in  the  observa- 
tions. 

2.  Each  meridian  circle  used  in  the  observations  should  Ik'  provided  with  a 
small  reversing  prism  placed  in  a  short  cap.  or  cell,  fitted  to  slide  over  the  outer 
end  of  the  eye-piece.  The  prism  should  be  mounted  on  the  end  of  a  lever  pivoted 
at  one  side  of  the  cell,  with  the  longer  end  of  the  lever  projecting  from  the  side  of 
the  cell  about  half  an  inch.  With  this  adjustment  of  the  lever,  the  prism  can  1x* 
quickly  j)laced  at  will  in  the  emergent  pencil  of  rays  iK'forc  it  reaches  the  eye, 
and  the  image  of  the  object  reversed.  .As  soon  as  the  bisection  is  made  a  slight 
pressure  on  the  lever  throws  the  prism  out  of  the  line  of  sight.  Half  of  the  bi- 
sections t>i  Mars  and  of  cich  star  should  l)e  made  each  night  in  the  ordinarv  wav, 
and  half  when  the  object  is  viewed  through  the  prism.  It  must  be  borne  in  mind 
that  the  use  of  the  jirism  is  absolutely  essential  to  the  success  of  the  work. 

3.  In  order  to  eliminate  all  errors  deiK-nding  on  the  positions  of  the  compari- 
son stars,  every  observer  should,  in  every  instance,  observe  the  stars  selected  for 
the  given  night,  c-md  in  no  ease  depart  from  this  rule. 

4-.  The  observations  should  l;egin  on  June  20.  and  continue  on  everv  favor- 
able night  until  SeiJtemlKr  2'A. 

o.  One  bisection,  .-ind  two.  i!  possif>le,  should  be  innde  on  each  side  of  the  cen- 
ter of  the  field.  .No  observations  at'  right  ascension,  except  one  transit  over  the 
central  thread.  sh(aild  be  attempted  unless  a  chronogr.-iph  is  used. 

0.  The  method  used  in  ls77.  tor  obtaining  the  position  of  the  center  of  Mars, 
is  so  well  adajitc*!  to  .secure  the  desired  result  that  it  is  adopted,  with  the  modifi- 
cations dcscriljcd  in  paragraph  2  of  this  pajn'r,  for  the  work  of  1892.  The 
method  is  as  follows:  Two  thre.-ids  of  ccpjal  size  are  inserted  in  the  movable 
declination  system  ot  the  field  of  the  teles<<n)e.  tlie  distance  latween  them  being 
al>out  3"  or  4-"  less  than  the  niininunn  diameter  of  Mars  during  the  proposed 
p.Hod  of  observation.*  This  distance  will  be  about  K)"  for  the  op])osition  of 
1802.  The  observation  c(»nsists  in  moving  tluse  threads  luitil  the  two  small 
segments  of  the  planet,  outside  ot  the  thieads,  are  seen  to  be  exactly  e(|ual.  If 
the  thread  nearest  the  micrometer  head  be  disignated  as  thread  a  and  the  other 
as  thread  h,  then  the  comparison  stars  should  be  observed  by  bisecting  the  first, 
forutby  6nb,  and  eighth  stars  with  thread  a,  and  second,  third,  sixth,  seventh  and 
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stars  with  thread  b.  This  order  should  be  reversed  on  alternate  nights:  but  in 
all  cases  the  thread  used  in  the  observation  should  be  earcfully  recorded  for  each 
atar. 

7.  The  inclination  of  the  threads  used  shoold  be  carefnUy  determined 
during  tl»c  progress  of  the  work, 

8.  The  division  errors  of  the  circles  should  l>e  invested,  at  least  in  the 
vicinity  of  those  divisions  used  in  the  observations. 

9.  Whenever  the  circle  microscope  threads  are  moved  more  than  half  the 
distance  lietween  the  adjacent  divisions  they  should  lie  read  on  each  division. 

*^  10.  In  making  the  bisectit^ns  the  telescope  micrometer  thread  should  1>e 
moved  in  all  cases  towards  the  spring  ajE^ainst  which  it  acts. 

1 1.  The  periodic  errors  of  all  the  micrometer  screws  should  l>e  investigated. 

12.  It  is  desirable  that  an  octilar  of  a  power  of  150,  at  least,  be  used  on  all 
the  smaller  instruments,  the  larger  ones  using  a  pc5wer  of  from  150  to  200* 

THE  OBSERVING    LIST. 

The  comparison  stars  have  l>een  so  selected  that  the  transit  of  four  in  each 
group  takes  jjlace  before  that  of  the  planet  and  four  atterward^  and,  also  so  that 
the  mean  declination  of  the  group  is  nearly  the  same  as  the  mean  declination 
of  Mara  for  the  time  each  group  of  eight  stars  is  used. 

'  *i  The  positions  of  the  stars  in  the  following  list  are  the  approximate  places 
for  1892.0;  and  the  positions  of  Mars  nre  given  for  the  t^tnc  of  transit  at  Wash- 
ington. 

The  time  is  divided  into  three  periods  and  the  positions  of  Mars  are  given  for 
the  bejeinnmg  and  end  of  each  period,  and  also  for  those  days  when  the  maximum 
and  mmtmum  right  ascensions  occur  in  each  period. 


OBJECT, 

O.Arg.S.  20970 

ff  Capricorni ..,,.. 

27  Capricorni 

p  Capricorni. 

Mars,  June  20 , 

Mars,  July  6 

Mars,  Julv  2B 

Lacaille,  8851 

41  Capricorni... 

D.  M,— 2fi^,  6923...... 

Lnlande,  -12700 

Lacaille,  8463 

Lacaille,  8506 

17  Capricorni....... 

Lacaille.  8612 

Mars  July  27 

Mars,  Aug.  10............ 

Lacaille.  8813 

Lacaille,  8832 

Lacaille,  8851 

O.  Arg.  a.  21562 


OBSERVING   LIST. 
From  Juat  20  to  juty  '^U, 

Mag. 


From  J  a  ty  27 


From  August  11  to  September  23. 


0.  Arg.  S.,  20429,.... .......„....•„. 

Lucailk*,  8463 »*«.*,.,.«*•. 

Lacaille,  8506 .*.... 

1  7  Capricorni, , 

Mars,  August  11 ,.*., „,. 

Mars,  September  4 , „.. 

Mars,  Septemljer  25.......... ......^..^.^ 

Lacaille,  8734 ...»,.». 

Lalande,  41 404 .,„*... **. 

C  Capricorni. 

37  Capricorni .„.,... 

V.  S.  Naval  OBSEnrATORV,  April  29,  1892 
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An  Elementary  Treatise  on  the  Diflferential  Calcnlus  with  Applications  and  Num- 
erons  Examples.  By  Joseph  Edwards,  M.  A.,  Formerly  Fellow  of  Sidney  Sus- 
sex College,  Cambridge,  England.  Second  Edition,  Revised  and  Enlarged. 
PnbliAhers,  Messrs.  McMillan  &  Co.,  London  and  New  York,  1892,  pp.  321 . 
Price  $3.50. 

Not  having  examined  the  previous  edition  of  this  book  we  are  only  able,  in  a 
general  way,  to  indicate  the  changes  made  in  the  revision  before  us.  The 
author  claims  that  it  is  considerably  enlarged,  that  the  chapters  have  been 
added  on  maxima  and  mtmiina  of  several  independent  variables,  on  elimi- 
nation; on  Lagrange's  and  Laplace's  theorems;  on  changing  the  independent 
▼arible,  one  chapter  giving  a  short  account  of  the  principal  properties  of  the  best 
known  curves  which  may  be  convenient  for  reference.  And  many  sets  of  easy  ex- 
amples especially  illustrative  of  theorems  and  methods  proved  or  explained  in  the 
immediately  preceding  book- work. 

The  author  uses  mainly  the  method  of  limits  and  has  prepared  the  revision 
with  care,  extending  the  scope  of  the  book  as  originally  written  to  meet  the  re- 
quirements of  the  best  teachers  who  claim  that  the  standard  of  work  in  the 
Calculus  should  be  materially  raised. 

The  first  two  chapters  are  devoted  to  definitions  and  fundamental  proposi- 
tions, the  third  gives  the  standard  forms,  and  then  follow  the  topics  of  successive 
differentiation,  expansian,  partial  differentiation,  tangents  and  normals, 
asymptotes,  singular  points,  curvatures,  envelopes,  curve  tracing,  some  well- 
known  curves. 

The  final  chapters  on  application  treat  of  undetermined  forms,  maxima  and 
minima  with  one  or  two  variables,  elimination,  expansions  continued,  and  the 
change  of  the  independent  variable. 

The  matter  and  the  plan  of  the  text  seem  to  be  very  good,  and  the  publishers 
have  done  their  part  neatly  and  well. 

Logarithmic  and  other  Mathematical  Tables  by  William  J.  Hussey,  Assistant 
Professor  of  Astronomy  in  the   University  of  Michigan.    Second    Edition. 
Ann  Arbor,  Michigan.    The  Register  Publishing  Co.,  1892,  pp.  148. 
This  is  a  book  of  five  place  tables  and  it  is  very  conveniently  arranged.    The 
first  is  a  table  of  common  logarithms  from  1  to  1000  with  auxiliaries  for  sine 
and  tangent  in  seconds  of  arc,  the  second  is  for  addition  and  subtraction  of 
natural  numbers,  and  the  third  and  fourth  are  for  trigonometric  functions,  the 
filth  gives  the  natural  trigonometric  functions,  sixth  squares,  cubes,  square  roots 
and  cube  roots  from  1  to  1020.    The  figures  of  the  tables  are  old  style,  with 
an  easy,  clear  face,  and  the  page  is  conveniently  divided  by  heavy  and  light  rule, 
so  that  the  computer  can  instantly  find  what  he  wants.    If  the  tables  are  accur- 
ate (we  have  no  reason  to  believe  they  are  not),  this  book  will  prove  to  l>e  a 
popular  one.    The  three  pages  of  astronomical  and  mathematical  constants  at 
Its  end  contain  very  useful  matter. 

An  Elementarj' Course  in  Theory  of  Equations  By  C.  H.  Chapman,  Ph.  I).,  As- 
sociate in  Mathematics  in  Johns  Hopkins  University.  Messrs  John  Wiley  & 
Sons,  Publishers,  53  East  Tenth  St.,  New  York,  1892.  12  mo.  cloth  pp.  90. 
Price  $1  50. 

This  small  book  interests  us  at  sight.  In  ninety  pages  the  author  has 
brought  together  the  principles  of  Determinants  and  the  Theory  of  Equations  in 
such  a  way  as  to  suppose  only,  on  the  part  of  the  student,  a  good  knowledge  of 
algebra  and  some  acquaintance  with  trigonometry  and  calculus,  and  is  therefore 
suitable  for  a  college  text-book  or  for  private  study.  We  are  sure  he  is  right  in 
saying  that  a  knowledge  of  Determinants  and  the  Theory  of  Equations  is  neces- 
sary to  those  l)eginning  the  study  of  the  modern  higher  mathematics,  and  it  is 
also  true  that  most  texts  on  these  subjects  arc  too  extended  and  exhaustive  for 
the  College  student.  It  has  been  the  aim  of  this  author  to  introduce  only  such 
partsof  the  themes  as  are  most  profitable  for  actual  practice  in  the  mathemati- 
cal investigation.  The  first  twenty  pages  treat  of  Determinants  in  elemental 
way,  furnishing  a  variety  of  examples  to  illustrate  the  principles  and  the  opera- 
tions. The  second  part  of  the  book  treats  of  algebraic  ecjuations  and  embraces 
forty  pages,  and  the  third  part  is  devoted  to  the  computation  of  the  real  roots  of 
numerical  equations. 


It  will  bean  advantage  to  the  student  to  l>e  sumewliat  ncf|unttitc«l  with  Ui< 
elementary  procesises  of  L>ctt^rnihiflnts  to  read  the  fin*t  part  of  litis  Ihlle  bool 
cn&ilv.  If  not  so  acc|iuiinLcd.  he  may  hnd  it  so  condensed  in  statement  and  Urn- 
itcd  in  illustration,  that  [Jio^rcss  will  be  slow. 

A  Hnnd-Book  of  Practical  Astromony  for  Tntversity  Students  tnul  1  T ; 

\\\  \\\  Cnmphcll,  formerly  Instructor  of  Astronomy    in    the 

Michi>;nij;  Astronomer  in  the  Lick    Observatory*    The    Re;^istcr    Fulthshin;; 

Compjiijy*  Ann  Arbor,  Michit^an.  IHIM.  |j|i,  IGO. 

The  fnct  thnt  the  lnr;tier  trentises  on  ]rr.'U  ticnl  astronomy  cnn  not  1>e  used  sat^ 
isfnclorily  with  nndcr^^taduatc  j^twdcnts  is;  the  reason  that  tlie  author  has  pr 
pared  another  new  book  In-tler  adapted  io  the  \vant5  ol  the  considerable  nnni^x 
of  students  in  collcf^tfs  /ind  universities  v\  ho  are  now  tnrninjc  their  attention  tc 
Astronomy  more  i^cncratiy  than  hfrctotorc.  This  book  is  the  oiitj^rovvth  of  a 
system  *d  inMrnetion  in  the  lorm  id  lecture  noteis  to  lar^e  cUis^cs  in  pnicticol  As- 
tronomy in  use  at  the  university  of  Michigan. 

The  order  of  topics  is  tJie  same  as  that  found  usually  in  handlMiokn  of  this 
kind.    The  twelve  chapters  treat  rcsi»ect»vcly  ol  the  following  subject*: — The  ce- 
lestial sphere,  time,  transformation  of  coordinates,  correction  of  observations,  ' 
precession,  nutation,  etc.»  angle  and  time  measurements  the  Hcxtont,  the  irjtn*«ii 
instrument^  the  zenith  lclescii]»c.  aslr«?Tiomical   aatimnth,   the  survc       *  -  '- 
the  ecpnitonnl   and   an   a]»pendix    tjivinij   hints  tm  comjnitiniz-  eun  I 

p^cgmparison   of  obser^'ation*.  list   id  ohjcets  for    the   telescope,  rclr.    .         :_3 

ilid  reductions  to  the  merifban  and  elon>^atiun. 

In  present  in  ji{  these  topics  the  formul;e  are  given  with  references  tisunlly  to 
Chauvcnei's  ttigononietry.  They  are  briefly  explained,  illustrated  by  example 
in  which  the  form  oi  work  anrl  si>lutitin  are  made  prominent.  Many  o(  the  fig* 
uics,  in  illustration  of  the  iMpics  are  new  and  seem  to  us  well  chosen.  If  the  en 
^ijraver  had  done  his  wmk  hctter,  in  some  instances,  it  would  have  ntatcrialljf 
added  tt>  the  ^oocl  ar>pearance  of  the  vm^e.  This  i<'xt  seems  to  be  well  considered 
in  detail*  and  we  ihmk  it  well  adapted  to  the  place  for  which  it  is  prepared. 
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The  subscription  price  to  Astronomy  and  Autro-Physics  in  the  UuHed  States 
find  Canada  is  $4-. 00  per  year,  in  advanctv     For  forcijrn  countries  it  is  $l-,4fi  |ief  J 
year  which  is  the  uniform  pr»ce,     Messrs,  Wesley  &  Sr»n»  28  Essex  Street,  StraadJ 
London*  are  authori7cd   to  receive  suliscriplicms.    Payment  should  be  made  in  ' 
postal  notes  or  orders  or  bank  drans.     Personal  cheeks  for  subscribern  in  I  he 
United  Slates  may  lie  used. 

Currency  should  «/iva.vs  1>e  sent  by  re>;istered  letter. 

Foreign  post-office  orders  should  be  drawn  on  the  post-office  in  St,  Paul  uti- 
til  July  I,  \Hi}2\  after  that  date,  on  theotfice  in  Northheld,  Minnesota,  I',  S.  A, 

All  communications  |iertaiiun>*  t<»  Astro-Fhysics  or  kindred  brunches  of 
Physics  should  Ijc  sent  to  George  E,  Hale,  Kenwood  Astro-Physical  Observaiorr, 
Chicago,  III. 

All  matter  or  correspondence  relating  to  General  Astrfmomy^rerr"  * ^  .    «,, 

criptions  and  arlvcrtisni;^  should   be   scut   to  W'm.   W,  Puyne»  Pi 

rRosoMV  AND  Astro- Physics,  Goodscll  Observatory  of  Carletou  d   ..^>  . i^ 

ftcld,  Minn, 

Manuscript  for  publication  should  be  written  on  one  side  of  the  paper  only,^ 
and  speci/tl  cjirc  should  be  tnkcn  to  write  proper  names  nttd  all  iorcign  name 
plainly.    All  drawiu^is  f»ir  publication  should  be  smoot/i/r  and  cwre/w //r  made,  itll 
/nd/aVn/r  with  lettering' w*ell  done,  Ix-causc  such  fi;^ arcs  are  copied  *  u 

prcicess  of  engraving  now  used.  If  drawings  are  niaile  about  don' 
tended  for  the  printed  pai*e,  better  etTcct  will  l»e  secured  in  enrj;av 
copy  is  less  in  sire.    As  a  ni\(^  the  publishers  have  had  to  re-draw  i  r. 

durini!  the  last  year  at  considerable  ex|>ensc.     We  hope  to  avoid  l.  .      ., i- 

ture.  It  IS  retpiestcd  that  manuscript  in  French  or  German  lie  tyiKr-writienr  U 
requested  by  the  authors  when  articles  are  sent  for  publication,  firenli'. lite  re- 
print copies,  in  covers,  will  be  furnished  free  of  charge,  A  greater  oumUer  of  rr- 
priuts  ol  articles  can  be  had  if  desired,  at  reasonable  rates, 

Kates  for  advertising  and  rates  to  news  agents  can  be  bad  on  appltcAtioo  to 
to  the  publisher  oi  this  magniiine. 
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COLORS  EXHIBITED  BY  THE  PLANET  MARS.* 


WILLIAM   H.    PICKERING. 


In  my  former  paper  upon  this  subject, t  attention  was  called  to 
the  important  effect  of  our  own  atmosphere  in  misleading  our 
judgment  as  to  the  true  colors  exhibited  by  the  heavenly  bodies. 
A  good  illustration  of  this  effect  may  be  obtained  from  a  moun- 
tain summit  upon  a  slightly  cloudy  day.  The  distant  greens  of 
the  landscape,  which  are  by  no  means  as  brilliant  as  when  viewed 
close  at  hand,  are  at  once  changed  to  grays  either  by  the  passing 
over  them  of  a  cloud  shadow,  of  by  the  passing  of  a  very  thin 
mist  between  them  and  the  eye.  In  the  former  case  they  become 
darker,  and  in  the  latter  lighter,  but  in  either  case  the  greenish 
tint  entirely  disappears. 

The  sudden  changes  of  color  exhibited  by  some  of  the  smaller 
areas  upon  the  planet  Mars  are  sometimes  almost  startling.  A 
recent  view  was  obtained  shortly  before  sunrise,  when  the  snowy 
region  about  the  south  pole  appeared  of  a  most  brilliant  green, 
quite  equalling  in  color  the  rather  narrow  green  band  situated 
just  to  the  north  of  it.  Later  as  the  Sun  came  up,  the  color  of 
the  snow  changed  to  bright  yellow,  the  rest  of  the  disc  changing 
in  the  mean  time  to  orange.  Later  the  seeing  improved,  several 
of  the  canals  became  visible,  and  the  snow  became  as  colorless  as 
that  upon  our  surrounding  mountains.  The  two  former  effects 
were  probably  due  to  bad  seeing,  the  fluctuations  of  our  own  at- 
mosphere superposing  the  colors  of  the  surrounding  regions  upon 
the  snow.  We  have  laid  it  down  as  a  rule  never  to  rely  greatly 
upon  our  color  observations  unless  the  snow  caps  of  the  planet 
appear  perfectly  colorless,  and  the  canal  system  is  well  defined. 
These  conditions  we  find  always  combined  with  the  best  seeing. 
For  these  delicate  color  observations  it  will  therefore  be  seen, 
that  not  only  do  we  require  a  telescope  of  the  very  first  quality, 
but  also  the  very  best  obtainable  atmospheric  conditions. 

•  Communicated  by  the  author.  f  See  page  449,  No.  6. 


In  studying  the  smaller  dark  region*?,  such  as  the  northweslem 
part  of  the  Syrtis  major,  great  differences  of  color  have  been 
noted  from  night  to  night,  and  I  have  colored  sketches  in  my 
possession,  taken  at  different  times,  in  which  it  is  represented  as 
grey,  as  green,  as  blue,  as  brown  and  even  as  violet.  The  latter 
color  was  so  extraordinar3"  that  I  endeavored  to  make  that  por- 
tion of  the  planet  appear  to  my  eye  of  some  other  color,  but  it 
was  impossible,  and  no  other  color  but  violet  lake  could  J>e  made 
to  match  it.  This  color  upon  the  planet  has  only  been  seen  by 
me  upon  one  occasion  since.  The  brown  color  above  noted 
was  undoubtedly  due  to  bad  seeing.  At  one  time  I  felt  convinced 
that  the  real  color  of  the  darkest  spots  upon  the  planet  was  a 
deep  blue»  and  this  ma3^  in  reality  be  the  case,  but  of  late,  under 
the  most  favorable  circumstances,  they  have  appeared  to  me 
of  an  absolutely  colorless  dark  grey.  Probably  this  point  can  be 
settled  at  the  present  opposition. 

Before  describing  the  colors  of  particular  regions  more  at 
length,  it  may  be  well  to  give  a  description  of  the  general  charac- 
teristics of  different  longitudes,  as  observed  during  the  opposition 
of  1890,  For  this  purpose  we  may  divide  the  surface  of  the 
planet  into  six  sections,  each  sixty  degrees  of  longitude  in 
breadth,  the  first  leaving  the  U''  meridian  central.  The  times  of 
transit  of  the  0"  meridian  of  the  planet  may  be  readily  computed, 
but  the  amateur  will  find  those  given  in  convenient  shaj>e  in  the 
excellent  ephemerides  published  by  Mr.  Marth  in  the  Monthly 
Notices.  The  onW  pity  is  that  these  ephemerides  cannot  appear 
about  six  months  earlier  in  order  to  be  of  the  most  use  to  astron* 
omers  outside  of  the  British  Islands, 

The  most  striking  marking  upon  the  planet,  and  that  most 
readily  seen  with  a  small  telescope,  is  the  Syrtis  Major,  or  Y 
mark.  This  is  nearly  central  in  the  sixth  ])osition  of  the  planet^ 
with  the  300"  meridian  in  the  middle  of  the  disc.  Owing  to  the 
period  of  rotation  of  Mars  being  37  minutes  longer  than  that  of 
the  Earth,  in  about  six  nights  Mars  will  be  found  at  the  same 
hour  in  the  fifth  position  with  the  240*^  meridian  central*  Tliis 
region  in  1890  was  interesting  as  containing  the  most  conspicu- 
ous canals  visible  upon  the  planet,  excepting  the  large  one  which 
teitni nates  the  Syrtis  Major  upon  the  north.  At  this  opposition 
these  canals  will  all  be  too  far  north  to  be  well  seen.  The  fourth 
and  third  regions  of  the  planet  were  both  extremel3"  uninteresting 
as  showing  very  little  detail  of  consequence.  The  second  position 
with  the  60'^  meridian  central  was  interesting  as  showing  the 
great  southern  ocean,   which  is  nearly  as  conspicuous    as  the 
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Syrtis  Major  itself.  In  the  first  position  with  the  0°  meridian 
central  the  ocean  is  disappearing  and  the  S3'rtis  Major  coming 
into  view. 

We  now  come  co  a  curious  feature  of  the  observations,  namely, 
the  actual  changes  in  color  which,  eliminating  all  probable 
sources  of  error,  the  surface  of  the  planet  really  seems  to  undergo. 
When  the  Syrtis  Major  is  central,  before  the  autumnal  equinox  of 
the  northern  hemisphere,  the  region  to  the  east  is  seen  to  be  dis- 
tinctly more  greenish  than  that  to  the  west.  As  the  season 
wears  on  the  difference  in  color  becomes  less  marked,  and  the 
greenish  hue  is  confined  more  closely  to  the  region  immediately 
bordering  the  Syrtis  on  the  east.  In  most  of  my  drawings  made 
m  1890  the  two  arms  of  the  Syrtis  are  shown  of  equal  breadth. 
This  appears  to  be  the  case  also  upon  Green's  map  published  in 
Chambers'  Astronomy,  although  this  point  is  not  well  shown  by 
him.  At  present  there  is  no  doubt  but  that  the  eastern  arm  is 
much  the  wider  of  the  two,  perhaps  twice  as  wide.  Early  in 
1890  the  entire  region  enclosed  between  the  arms  of  the  Syrtis 
Major,  as  far  as  the  snow  cap,  was  of  a  brilliant  green  color.  On 
June  27  however,  or  eleven  days  before  the  vernal  equinox  of  the 
southern  hemisphere,  a  5'ellow  spot  appeared  at  the  extreme 
northern  point  of  the  triangular  area.  As  the  season  advanced 
this  yellow  spot  increased  in  area,  till  it  covered  the  whole  region 
as  far  south  as  could  be  seen.  This  year  when  first  observed,  this 
area  was  entirely  green,  but  on  May  9,  or  seventeen  days  before 
the  vernal  equinox,  the  yellow  or  perhaps  reddish  spot  appeared 
in  the  same  place,  and  it  will  be  interesting  to  determine  if,  as  the 
season  advances,  this  color  again  progress  towards  the  pole. 
Changes  to  the  east  of  the  Syrtis  Major  have  also  been  noticed 
by  Schiaparelli.  These  he  ascribes  to  extensive  floods.  On  June 
8,  1890,  thirty  days  before  the  autumnal  equinox  in  the  northern 
hemisphere,  there  was  a  large  greenish  area  visible  in  longi- 
tude ISO"",  latitude  30^  north.  By  July  16,  or  eight  days  after 
the  equinox,  this  spot  could  not  be  found,  the  whole  region  ap- 
pearing of  a  3'ellow  tint.  In  longitude  10°,  latitude  40°  north,  is 
a  large  crescent-shaped  area.  In  June  and  July,  1890,  it  was  well 
seen  and  appeared  quite  as  dark  as  the  great  southern  ocean. 
This  was  noted  upon  a  number  of  occasions.  It  was  however 
painted  green,  and  the  ocean  to  the  south  of  it  blue,  the  diflference 
in  color  on  one  evening  being  very  clear,  as  seen  by  my  assistant, 
Mr.  A.  E.  Douglass,  and  myself.  On  March  22  of  the  present  3^ear 
the  crescent  was  well  shown,  but  was  markedly  fainter  than  the 
ocean,  which  was  again  suspected  of  being  blue,  but  the  color 


could  not  be  satisfactorily  confirmed.  This  crescent  is  now  too 
far  north,  owing  to  the  motion  of  the  planet,  to  be  satisfactorily 
studied. 

While  these  indications  of  change  of  color  upon  the  planet  are 
too  few  and  isolated  at  present  to  enable  us  to  form  a  satisfac- 
tory explanation  of  their  causes,  they  still  hold  out  a  promise  that 
should  these  observations  be  carefully  repeated  at  future  opposi- 
tionsi  under  suitable  conditions,  we  may  in  time  be  able  to  deduce 
the  laws  affecting  them,  and  perhaps  even  predict  their  changes 
in  advance.  Too  much  stress  however  cannot  be  laid  on  the  dan- 
ger of  optical  illusion  in  this  matter.  It  is  generally  considered 
that  a  very  good  instrument,  and  some  practice  is  required, before 
an  observer  can  certainh'  see  the  canals  even,  but  in  order  that 
satisfactory  results  in  this  branch  of  the  research  may  be  achieved 
the  more  important  canals  must  be  seen  with  distinctness^  and 
the  snow  caps,  if  present,  must  appear  perfecth'  colorless. 

AREgnpA,  Peru,  May  13>  1892. 


THE  DOUBLE  STAR,  tt'  URS^E  MINORIS  (I  19B9.\* 


S.  W.  BURSHAM. 


But  few  measures  have  been  made  of  this  pair,  although  it  is  in 
a  position  to  be  observed  at  all  observatories  in  the  northern 
hemisphere  on  every  night  of  the  year.  It  is  always  moderately 
difficult  with  ordinary  refractors,  and  the  distance  is  still  slowly 
decreasing.  It  is  certainly  a  binar>\  but  the  period  must  be  very 
long,  as  the  angular  motion  in  sixty  3'ears  has  been  but  about 
twenty  degrees.  With  so  small  an  arc  it  would  of  course  be  use* 
less  to  attempt  to  obtain  even  an  approximate  period.  It  should 
be  measured  more  frequently  than  heretotbre  to  furnish  the 
requisite  data.  It  is  probable  that  for  some  time  to  come  the 
larger  refractors  will  be  necessary  for  this  work. 

The  following  are  all  the  measures  since  the  discovery  of  this 
pair  by  Struve ; 
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The  place  of  this  star  (1880)  is : 

R.  A.    15^»  46"»  13^ 
Decl.        +  80°  23'i 

The  magnitudes  of  the  components  are  7.1  and  8.1  in  Struve.  It 
seems  to  have  been  overlooked  in  the  Harvard  photometric  Cata- 
logue. 


THE  PROPER  MOTION  OF  2  I603.^ 


S.  W.  BURNHAM. 


This  wide  pair  of  bright  stars  has  been  known  since  1783  when 
it  was  observed  by  Sir  William  Herschel.  It  was  subsequently 
incorporated  in  Struve's  great  catalogue,  and  has  been  frequently 
measured  by  later  observers.  From  these  observations  it  ap- 
pears that  the  components  are  relatively  fixed.  Stumpe  in  his 
catalogue  of  proper  motions  {A,  N.  3000)  assigns  different  proper 
motions  to  the  components.  This  is  probably  based  upon  merid- 
ian observations,  but  it  does  not  appear  why  data  of  this  kind 
should  be  used  when  the  micrometrical  observations,  so  much 
superior  to  anything  which  could  be  derived  from  meridian  circle 
work,  are  available  for  a  comparison  of  the  motion  of  the  com- 
panion with  that  of  the  primary.  Of  course  these  measures  give 
only  the  relative  movement,  and  as  no  third  star  has  been  con- 
nected b}'  observations  with  micrometer,  the  meridian  position 
must  be  used  to  give  the  general  drift  of  the  system.  The  proper 
motion  of  A  is  given  as  0'M89  in  the  direction  of  259°. 7,  and  of 
B,  0".220  in  257°.9.  This  would  imply  a  system  similar  to  that 
of  61  Cygni.  The  direct  measures,  however,  do  not  justify 
this  conclusion. 

The  following  is  a  complete  list  of  all  the  measures  down  to  the 
present  time,  including  my  recent  observations  at  Mt.  Hamilton : 
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•  CofDmunicated  by  the  author. 


The  magnitudes  according  to  Struve  are  6.9  and  7.3,  and  it  is, 
therefore,  one  of  the  easiest  pairs  in  the  sky  to  measure.  It  is 
evident  that  all  of  the  measures  prior  to  Struve,  by  the  Herschels^ 
and  that  at  a  later  date  made  at  the  Radcliffe  Obser\^ator>%  arc 
affected  by  large  errors,  and  cannot  be  used  at  all  in  reference  to 
relative  motion.  When  the  other  measures  are  taken  together  it 
is  absolutely  certain  that  these  stars  have  remained  fixed  with 
reference  to  each  other  from  the  first  accurate  positions  by  Struve 
in  1832  down  to  the  present  time,  and  that  whatever  the  real 
proper  motion  ma^'  be,  it  is  the  same  for  each  star.  There  is  no 
need  of  further  measures  of  this  pair  for  many  3^ear8, 


NOTE  ON  THE  HISTORY  OF  THE  COLOR  OF  SIRIUS; 


T,  J.  J    SEE,  BSKL4X. 


CONCLUDING  NOTE. 

Since  my  paper  was  finished  in  January  last,  I  have  had  the 
benefit  of  the  friendly  criticism  of  several  astronomers,  and  have 
ascertained  the  views  of  a  number  of  others  respecting  the  colors 
of  the  stars,  Suffice  it  to  say  that  as  the  result  of  this  experi- 
ence, I  am  the  more  fulh*  convinced  that  if  we  arc  to  believe  the 
ancients  in  anything,  we  ought  to  believe  them  respecting  the 
color  of  Sirius,  For  we  must  adhere  to  the  evidence,  unless  there 
is  reason  to  susjject  its  trustworthiness ;  and  this  being  true,  we 
could  more  logically  conclude  that  An  tares  was  white  in  an- 
tiquity than  that  Sirius  was.  All  the  difterent  bits  of  evidence 
cited  appear  to  be  inde|>endent,  for  when  any  evidence  of  copy- 
ing has  been  found,  it  has  been  pointed  out;  moreover,  the  re- 
search is  a  comparative  one,  since  attention  was  ^iven  not  only 
to  what  the  authors  say  of  Strius  but  also  what  they  say  of 
other  stars,  and  when  the  words  seem  to  be  looseh'  used  atien- 
tion  is  called  to  the  uncertain  value  of  the  evidence.  The  sum- 
mary on  page  384  gives  thtf  authors  in  something  like  the  order 
of  their  importance  and  probable  trustworthiness;  hence  it  will 
be  observed  that  the  poets  are  placed  last  on  the  list.  Since  the 
poets  agree  with  the  astronomers  and  philosophers  it  does  not 
seem  that  they  ought  to  be  excluded;  for  if  they  had  declared 
that  Sirius  was  white,  many  would  regard  their  testimony  of 
great  value  and  perhaps  nearer  the  truth  than  that  of  **  profes- 
sional" ubsers'ers.     Therefore  the  present  agreement  ought  to  be 

*  CommunicateJ  by  the  author. 
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regarded  as  strongly  confirmatory  of  the  records  left  by  Ptolemy, 
Geminus,  Seneca,  Pliny,  Cicero,  Aratus,  Germanicus,  Horace  and 
Festns. 

To  those  who  ask  whether  the  ancients  did  not  observe  the 
stars  near  the  horizon,  the  answer  is  clear:— This  was  indeed 
true  of  some  of  the  ancients,  such  as  the  (ancient)  Egyptian 
priests,  who  wished  to  determine  the  place  of  the  Sun  among  the 
stars;  but  not  true  of  those  who  studied  the  constellations, 
charted  the  heavens,  formed  star-catalogues  and  traced  the  mo- 
tions of  the  planets  and  Moon  among  the  stars.  Ptolemy  and 
Geminus  were  professional  astronomers,  and  Ptolemy  has  him- 
self recorded  in  the  Almagest  that  "  we  make  our  observations 
on  the  meridian  of  Alexandria."  Among  the  ancient  astrono- 
mers after  the  time  of  Timocharis  (300  B.  C.)  the  custom  of  ob- 
serving on  the  meridian  seems  to  have  been  in  common  use;  we 
know  positively  that  it  was  followed  by  Hipparchus;  and  Gem- 
inus, his  contemporary  and  associate,  must  have  followed  the 
same  method. 

Moreover,  we  know  perfectly  well  on  general  principles  that 
the  ancients,  in  studying  the  constellations  (which  they  knew  far 
better  than  the  average  even  of  intelligent  moderns,  because  they 
lived  more  under  the  open  sky  and  because  their  ideas  of  the 
gods  naturally  led  them  to  be  continually  contemplating  the 
stars)  would,  in  the  nature  of  things,  come  to  know  the  appear- 
ance of  the  stars  not  when  they  were  on  the  horizon  but  when 
high  in  the  heavens.  The  ancients  do  not  call  Vega  and  Jupiter 
red,  neither  have  I  seen  any  case  in  which  they  are  called  fiery. 
Cleomedes  says*  Aldebaran  and  Antares  are  of  the  same  size  and 
color  as  Mars;  moreover  the  ver\'  name  Antares  means  ** rival  of 
Mars,"  and  the  body  is  spoken  of  by  a  number  of  writers  as  a 
*•  burning  star"  (ardenti  astro). 

Mars  was  given  the  name  nvpoiis,  and  connected  with  the  god 
of  war,  because  its  color  suggested  blood.  In  the  same  way  (in 
the  opinion  of  the  writer,  at  least),  the  Dog  Star  was  named 
Sinus  because  its  deep  red  color  suggested  **burning."t  Venus 
was  named  from  her  beaut\',  and  Jupiter  (originally  the  god  of 
the  clear  sky)  from  his  clear,  brilliant  light  (**salutar\'  influ- 
ence") and  stately  motion;  Saturn  from  his  pallid  color  and 
very  slow  motion  among  the  stars,  and  Mercur\'  because  of  his 
swiftness  and  appearance  at  dusk.  Hyginus  (reflecting,  no 
doubt,   the  observation  of   some  astrologer),  says  Saturn  and 

•  Di«rovcrcd  since  writing  ni\' pa|)cr  on  Sirius. 

^  Aratus  savs  the  star  "  most  nercelv  burns:  and  mortals  call  him  Sirius." 


Betelgeux,  Jupiter  and  Vega,  Mars,  and  fire  are  of  the  same 
color.  Pliny  assigns  correct  colors  to  all  the  planets,  and  dis- 
tinguishes between  the  color  of  the  Sun  when  rising  and  when 
high  in  the  heavens;  calls  Sinus  ''burning**  and  says  Canopus  is 
**huge  and  bright."  Seneca  says  Sinus  was  redder  than  Mars, 
and  that  Jupiter  has  no  color  at  all,  Cicero  says  the  Dog  Star 
'*  shines  fer^'idly  with  a  ruddy  light;**  and,  speaking  intelligenrij 
of  the  planets,  declares  that  Mars  is  **  i*ndd3*  and  terrible  to  tlie 
earth."  Germanicus  says  Sinus  is  **  hurled  in  a  ruddy  course 
through  the  sky,**  and  alludes  to  An  tares  as  burning  in  the 
breast  of  the  Scorpion;  Manillius  says  the  **Dog  rages  in 
its  fire**  and  speaks  of  the  ''shining  Scorpion  with  a  burning 
star."  Hesiod  says  Sinus  ** burns  the  face  and  knees,**  and 
Homer  says  it  is  an  **evi1  omen,  bringing  much  fever  (something 
fiery)  to  wi^etched  mortals.*'  Euripides  alludes  to  Sirius  as  send- 
ing ** flames  of  fire**  from  the  heavens,  and  Ap.  Rhodius  speaks 
of  the  star  as  *'  burning  the  Islands  of  Minos  **  (meaning  some  of 
the  Cyclades).  Aratus  calls  the  Dog  Star  **  colored**  and  Horace 
refers  to  the  **red  Dog,*^  while  Virgil  speaks  of  both  Sirius  and 
Antares  as  **  burning.**  At  the  Floralia  Ox-id  tells  us  dogs  were 
offered  up  on  account  of  the  Dog  in  the  sky,  and  Festus  says  they 
were  of  a  niddy,  nearly  red,  color,  and  sacrificed  to  placate  the 
(angry)  Dog  Star  in  order  that  the  blooming  fruits  might  be 
brought  to  maturity'.  Columella  compares  roses  to  Tyrian  pur 
pie,  the  rising  Sun,  ruddy  Mars,  and  ** Sirius  fire;**  while  Eratos- 
thenes says  Venus  and  Vega  are  white,  and  that  Mars  is  of  the 
'*  nature  of  fire,**  Geniinus  says  all  stars  have  the  same  influence 
on  the  earth,  and  (indirectly)  that  the  great  multitude  are 
** clear**  w*hile  Sirius  is  *'fierv.''  Lastly,  Ptoleni}"^  says  Aldeb- 
aran,  Arcturus,  Betelgeux,  Pollux,  Antares  and  Sirius  are**  fiery 
red."  Do  these  facts  indicate  that  the  ancients  were  ignorant, 
careless,  or  color-blind,  or  that  they  observed  the  heavenly  bod- 
ies on  the  horizon?  There  is  evidently  not  the  least  logical 
ground  for  such  a  supposition,  and  those  who  adhere  to  the  facts 
and  follow  the  legitimate  principles  of  historical  research  will 
reach  the  correct  conclusion  res|>ecting  the  ancient  color  of 
Sirius. 
Royal  Observatory,  Berlin,  May  24th,  1892. 

Note*  —  Some  corrections  and  chanj^s  by  the  author  will  be  found  under 
Notes  and  News. — [Ed.] 
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ON  A  PRETENDED  EARLY  DISCOVERY  OF  A  SATELLITE  OF  MARS. 


RALPH  COPELAND,  Ph.D. 


In  the  Crawford  Library  of  the  Edinburgh  Royal  Observatory 
is  a  quarto  pamphlet  of  ten  leaves,  the  complete  title  of  which 
is:  **Eberhard  Christian  Kindermanns,  Konigl.  Pohl.  und  Chur- 
fiirstl.  Sachszl.  Hof-Matb.  und  Astronomic  Astronomishe  Bes- 
chreibungund  Nachricht  von  dem  Cometen  1746.  Und  denen 
noch  kommenden,  welche  in  denen  innen  besagten  Jahren  er- 
scheinen  werden. — Dreszden,  zu  finden  bey  Gottlob  Christian  Hil- 
schem,  Hof-Buchhandler,  1746."  Although  Kindermann*  thus 
held  the  post  of  astronomer  to  the  King  of  Poland,  who  was  at 
the  same  time  Electoral-Prince  of  Saxony,  the  few  observations  he 
has  placed  on  record  have  hitherto  proved  of  very  little  value. 
Doubts,  indeed,  have  at  various  times  been  expressed  as  to  their 
general  trustworthiness ;  nor  is  it  quite  certain  that  the  comet  of 
which  the  little  book  under  consideration  professes  to  treat  ever 
really  existed,  although  Kindermann  gives  the  names  of  two 
persons  and  mentions  a  third  by  whom  he  alleges  it  to  have  been 
seen,  as  well  as  b3'  himself.  Dr.  Hind,  however,  has  suceeded  in 
deriving  a  rough  orbit  from  the  fuller  particulars  given  by 
Struyck,  to  whom  Kindermann  had  communicated  them.  The 
tract  also  contains  predictions  of  the  return  of  three  several 
comets,  amongst  them  that  of  1661,  of  which  the  elements,  com- 
puted long  previousl3'  by  Halley,  resemble  those  of  the  comet  of 
1532.  Probably  it  was  this  resemblance  which  led  Kindermann 
to  assume  their  identity  with  a  period  of  129  years  and  a  conse- 
quent return  in  1790,  a  conjecture  which,  it  is  needless  to  say, 
was  never  realized. 

These  particulars  are  now  of  little  moment,  except  in  so  far  as 
they  characterize  the  writer  of  the  book,  the  frontispiece  of 
which  is  sufficiently  striking,  containing,  as  it  does,  a  little  figure 
professing  to  show  the  orbit  of  a  satellite  of  Mars  discovered  by 
the  author.  The  encircling  legend  runs:  **Yia  Luna  (sic)  Martis 
entdecket  vom  Autore  den  10.  lul:  1744."  On  the  face  of  the 
planet  are  various  distinct  markings,  amongst  which  it  is  easy 
to  recognize  the  long  **  dumb-bell,"  drawn  by  Divini  and  Cassini, 
and  figured  in  the  first  volume  of  the  Philosophical  Transactions. 
The  satellite  is  only  removed  about  2^^  radii  of  Mars  from  the 

•  The  Pulkowa  Library  contains  three  of  his  books,  including  the  one  des- 
cribed above. 


centre  of  the  planet.  The  satellite  is  nearly  four-tenths  of  the  di- 
ameter of  the  primary,  and  both  bodies  are  liberally  pro^Hded 
with  atmospheres. 

It  may  l3e  mentioned  that  GuIJiver*s  Travels  were  given  to  the 
world  in  1726-7,  while  Voltaire *s  Micromegas  seems  to  have 
been  published  about  1752.  The  sUitements  they  contain  about 
the  moons  of  Mars  are  widely  known  through  Professor  HalFs 
memoir;  Kindermann*s  **  discovery  **  is  thus  intermediate,  in 
point  of  date»  between  the  felicitous  conceptions  of  the  great 
satirists —Afo/JtA/j  Notices,  Mav,  1892 > 


PHOTOGRAPHIC  SEARCH  FOR   A   PLANET   BEYOND  THE  ORBIT  OP 

NEPTUNE, 


ISAAC  ROBERTS,  F,R.S- 


The  hypothesis  that  one  or  more  planets  exist  beyond  the  orbit 
6f  Neptune  has  been  long  entertained  by  astronomers,  and  Pro- 
fessor Forbes,  in  a  remarkable  paper  on  **  Comets  and  ultra- 
Neptunian  Planets/*  which  he  read  before  the  Royal  Society  of 
Edinburgh  at  the  beginning  of  the  year  1880^  predicted  with 
considerable  confidence  that  one  or  two  such  planets  exist,  and 
in  the  pajier  referred  to  he  gave  very  fully  his  reasons. 

The  prediction  was  based  upon  the  recorded  positions  of  the 
aphelia  of  a  number  of  comets.  He  said,*  **  That  there  could  be 
no  longer  a  doubt  but  that  two  planets  revolve  in  orVnts  cxter* 
nal  to  that  of  Neptune,  one  about  100  times,  the  other  about 
300  times  the  distance  of  the  Earth  from  the  Sun/* 

In  1887»  November,  I  wrote  to  Professor  Forbes  to  ask  him  if 
he  had  further  considered  the  hypothesis  concerning  the  supposed 
planets,  and  that  I  was  prepared  to  make  a  search  for  them  by 
photographic  methods.  In  his  reply  he  stated  that  the  present 
position  of  one  of  the  hypothetical  planets  is  11^'  48 '"  R.  A.  and 
3^  N.  Declination,  and  he  l)eHeved  that  a  range  of  5"^  each  way 
in  R.  A.  and  of  2  or  3*^  in  Declination  ought  to  find  the  planet 
if  it  is  thei*e.  The  motion  of  the  planet  he  computed  at  one  de* 
gree  in  2;96  years. 

I  thereupon  commenced  the  search*  but  soon  found  that  tlic 
cHmate  of  Maghull  was  so  unfavorable  for  celestial  photographic 
work  of  this  character  that  my  task  was  nearly  hopeless;  but 
since  the  removal    f>f  my   Observatory  lo  Crowborough   I   re* 
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sumed  the  search  under  conditions  suflSciently  favorable  to  com- 
plete the  work,  which  was  conducted  on  the  following  plan : — 

A  chart  was  made  of  the  region  indicated  by  Professor 
Forbes  between  R.  A.  ll*^  24"  and  R.  A.  12»»  12"  with  Declina- 
tion 0°  0'  to  6°  0'  North.  This  region  was  covered  by  eighteen 
photographic  plates,  each  of  more  than  four  square  degrees  in 
area,  and  allowed  of  suflScient  overlap  to  show  a  number  of  the 
same  stars  on  two  or  more  contiguous  plates.  Two  sets  of 
photo-plates  of  the  region  were  taken  with  an  interval  of  not 
less  than  seven  da3's  between  the  exposures,  which  were  of 
ninety  minutes  duration,  and  the  dual  photographs  were  sub- 
sequently compared  three  times  over  by  superposition,  in  order 
to  see  if  any  star  appeared  on  one  plate  which  was  not  on  the 
other,  or  to  see  if  change  in  the  position  of  any  star  had  taken 
place  in  the  interval  between  the  dual  exposures.  In  this  way 
the  whole  of  the  plates  covering  the  region  were  very  carefully 
examined,  and  it  now  only  remains  for  me  to  report  that  no 
planet  of  greater  brightness  than  a  star  of  the  15th  magnitude 
exists  on  the  sky  area  herein  indicated,  nor  is  there  on  the  plates 
any  abnormal  appearance  to  which  it  is  necessary  here  to  draw 
special  attention.  It  is  a  region  where  the  stars  are  not  excep- 
tionally numerous,  and  they  are  mostly  faint.  Monthly  Notices, 
May.  1892, 

Crowborough  Hill,  Sussex,  1892,  April  12. 


PHYSICAL  OBSERVATIONS  OF  MARS.* 

DR.  TBRBY,  LouvAix,  France. 


On  the  13th  of  May,  from  8»»  7'"  to  9"  40'",  I  again  saw 
the  black  thread ;  my  drawings  again  show  the  displacement  of 
the  satellite  polar  spot  by  rotation;  I  satisfied  myself  that  the 
companion  spot  was  less  brilliant  and  less  white  than  the  polar 
spot  properly  so-called;  in  other  words  the  white  light  was  at 
its  maximum  in  the  larger  polar  spot,  and  about  which  the  satel- 
lite spot  effected  its  movement  of  rotation.  At  9''  3'"  the  western 
extremity  of  the  smaller  spot  was  near  the  central  meridian 
which  corresponds  to  a  longitude  of  185°. 6. 

These  observations  then  give  us  as  approximate  results:  Mar- 
tian longitude  of  the  western  extremity  of  the  satellite  polar 
spot,  185°. 6.  Martian  longitude  of  the  eastern  extremity, 
215^.3.  Mean,  or  longitude  of  the  middle,  200°.45.  Martian 
•  Continutrd  Irom  No.  106,  pnge  480. 


longitude  of  the  middle  from  direct  observation,  204*^,3  We 
must  not  forgot  that  these  data  are  deduced  from  our  drawings 
and  not  from  observations  made  directly  to  this  end.  The  agree- 
ment between  the  mean  of  the  results  obtained  for  the  two  ex- 
tremities of  the  spot  and  the  result  obtained  b}"  the  drawing  for 
the  middle  of  the  supplementary  snowy  mass  is  nevertheless  very 
remarkable;  and  we  can  attribute  to  the  middle  of  the  satellite 
spot,  as  a  close  approximation,  the  longitude  of  about  200'^, 

On  the  18th,  I  again  observed  the  little  companion  of  the  polar 
spot,  aiwa3's  less  white  and  less  brilliant  than  the  principal  spot. 
On  the  20th  of  May,  it  was  even  visible  with  the  power  of  180 
diameters. 

Whenever  Elysium  or  the  Trivium  Charontis  occupy  the  east- 
ern half  or  right  of  the  apparent  disk,  I  have  always  perceived 
on  the  western  or  left  limb,  and  on  the  prolongation  of  Erebus. 
some  points  or  little  white  dots  more  or  less  brilliant,  to  the 
number  of  three  under  the  most  favorable  conditions,  occupying 
the  vertices  of  a  triangle;  these  points  figure  in  twelve  of  my 
drawings. 

These  brilliant  points  have  only  been  seen  w^hen  they  approach 
the  w^est  limb  of  the  disk»  and  they  become  more  and  more  visi- 
ble, more  and  more  white  and  shining,  in  proportion  as  they  ap- 
proach it  more,  until  they  end  by  passing  beyond  it  by  irradia- 
tion like  the  polar  spot>  We  have  not  observed  them  in  the  vi- 
cinity of  the  central  meridian,  nor  on  the  east  limb,  and  I  only 
know  how  to  fix  their  position  in  a  very  approximate  manner  by 
the  following  process  :  on  the  9th  of  May,  from  9'*  10""  to  9''  29"'. 
these  brilliant  points  were  found  on  the  extreme  limb  when  the 
longitude  of  the  central  meridian  was  225'^.5;  they  could  then 
have  an  approximate  longitude  of  135'.  Further  the  prolonga- 
tion of  Erebus  crosses  this  longitude  in  a  Martian  latitude  of 
about  -h  4-0°.  These  snowy  points  are  then  found  in  a  region 
near  enough  to  that  where  M.  Schiaperelli,  in  1879,  proved  the 
existence  of  a  snowy  and  brilliant  prolongation  of  the  polar  spot 
and  even  an  isolated  snowy  spot  which  he  called  Nix  Olympica. 

We  find  that  in  1888  we  have  verified  at  Louvain  the  existence 
of  the  following  canals,  properly  so-called ;  some  canals  remain 
ing  doubtful  are  marked  with  an  interrogation  point. 

Artusapes,  Phison,  Typhonius,  Orontes,  Protonilus,  Deuteroni- 
lus,  Callirhoe,  Euphrates  (tielow  Lake  of  Ismenius),  Hiddekel  and 
Gehon  (traces),  Indus,  Oxus,  Tanais,  Jaxartes,  Ganges,  Nilokeras^ 
Nilus*  Ceraunius,  Agathodcemon,  Nectar,  Gigas  (?),  Phlege- 
thon  (?),  Acheron  (?),  Pyriphlegethon  (?),  Hadest,  Erebus,  Ccr* 


ttil 


Dr.  Terby,  557 

berus,  Styx,  Eunostos,  Hyblaeus,  Antaeus,  Cyclops  (?),  Triton, 
Lethes,  Nepenthes,  Thoth. 

I  observed  Phison  three  times;  the  29th  of  April,  the  first  of 
June,  and  the  second  of  June.  The  first  time  the  canal  appeared 
as  a  large  rosy  ribbon,  very  pale,  perfectly  straight ;  this  obser- 
vation, though  diflScult,  did  not  leave  the  slightest  doubt.  The 
second  and  third  time  the  ribbon  appeared  divided  into  two 
finer  parts,  perfectly  straight  and  parallel ;  the  diflSculty  of  the 
observation  gave  rise  to  a  slight  doubt,  but  nevertheless  such 
was  the  impression  received. 

As  a  proof  of  the  impartiality  with  which  these  observations 
have  been  made,  I  will  mention  here  that  M.  Schiaparelli,  by  a 
letter  of  the  28th  of  May,  informed  me  of  the  existence  of  a  very 
marked  doubling  in  his  18-inch,  that  of  the  Euphrates,  asking 
me  to  verify  it.  I  expended  every  effort,  after  that  date,  to  suc- 
ceed in  seeing  the  doubling  of  the  Euphrates,  but  the  canal  itself 
has  totally  escaped  me,  with  the  exception  of  a  piece  of  it  which 
I  saw  under  the  Lake  Ismenius  on  the  31st  of  May,  and  further, 
I  have  only  identified  this  last  in  studying  my  drawings  long  af- 
terwards and  in  beginning  the  preparation  of  this  memoir. 

The  results  deposited  in  this  memoir  are  very  small  if  one  com- 
pares them  to  those  which  M.  Perrotin  has  obtained  at  the  Ob- 
servatory of  Nice,  by  the  aid  of  the  mammoth  30-inch  telescope, 
the  second  instrument  of  the  world,  and  to  those  which  M.  Schi- 
aparelli  has  himself  realized  at  Milan  with  his  admirable  18-inch, 
especially  in  what  concerns  the  doubling  of  the  canals.  I  have 
said  at  the  beginning  that,  in  conditions  so  unfavorable,  one 
could  only  hope  for  less  still  when  using  a  simple  8-inch,  however 
excellent  it  may  be.  But  these  results  have  an  incontestible  value 
in  the  presence  of  the  incredulity  with  which  certain  astronomers 
still  consider  the  beautiful  discoveries  of  Milan.  Who  would  be- 
lieve it?  In  spite  of  the  beautiful  drawings  of  M.  Perrotin,  one 
reads  still  that  the  discoveries  of  M.  Schiaparelli  have  not  been 
confirmed  by  the  largest  instruments.* 

We  are  then  happy  to  bring  our  mite  to  the  defense  of  the  truth. 
Our  excellent  equatorial,  comparable  to  that  with  which  M. 
Schiaparelli  made  his  first  discoveries,  has  permitted  us  to  verify 
the  existence  of  a  sufficiently  great  number  of  canals,  and  to  get  a 
glimpse  of  the  doubling  of  one  of  them,  in  spite  of  the  combina- 
tion of  deplorable  circumstances  which  annihilated  a  great  part 
of  its  power;  above  all  it  has  caused  us  to  even  admire  the  gen- 
eral exactitude  of  the  chart,  to  prove,  for  example,  that  not  a 
•  English  Mechanic,  Jan.  1889,  page  368. 
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single  one  of  the  white  and  brilliant  spots  which  we  liave  re- 
marked on  the  limbs  of  the  planet,  as  all  observers  have  done  for 
a  long  time,  remained  inexplicable  to  one  who  was  provided  with 
this  almost  infallible  guide. 

After  what  we  have  seen  we  dare  to  affirm  that  henceforth  the 
progress  of  areograpln^  will  be  in  the  hands  of  those  alone  who, 
freeing  themselves  from  the  shackles  of  doubt,  will  resolutely  en- 
gage in  the  way  traced  by  the  celebrated  astronomer  of  Milan: 
A  new  era  is  begun  in  tlie  study  of  Mars  by  the  discovery  of 
canals  and  of  their  doubling,  and  by  the  micrometric  determina- 
tion of  114  hindamental  points  of  the  map,  an  era  succeeding  to 
that  which  w^as  inaugurated  a  half  century  ago  by  the  construe- J 
tion  of  the  first  two  hemispheres  of  Mars  and  by  the  approximate] 
fixing  of  fourteen  points  by  Maedler, — Translated  from  the  French 
by  Roger  Spragve,  Berkley,  CaL 
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a.  W.  BURNHAM. 


The  proposed  new  lens  by  Dallmeyer  for  making  an  enlarged 
picture  on  the  plate  has  attracted  considerable  attention.  It  has 
been  given,  somewhat  in  advance  of  any  practical  test  of  its  use- 
fulness, the  rather  complicated  name  of  "  telephotographic  lens." 
Briefly  stated  it  consists  in  the  use  of  a  double  concave  lens 
through  which  the  light  is  passed,  after  transmission  through  the 
usual  photographic  objective,  and  distributed  over  a  greater  area 
of  the  plate,  and  thus  giving  an  enlarged  image,  the  scale  of 
which  will  depend  upon  the  relative  focal  lengths  of  the  two 
lenses  and  the  distance  between  them. 

In  the  first  place  there  is  nothing  new  in  the  proposed  device. 
A  great  many  people  who  have  gone  into  photographic  experi- 
ments, the  winter  among  the  number  have  tried,  with  more  or 
less  success  to  get  enlarged  pictures  of  distant  objects  by  photo- 
graphing with  an  eye-piece  placed  between  the  principal  lens  and 
the  plate.  The  most  common  instruments  used  in  this  way  have 
probably  been  the  ordinary  lens  with  an  ej'e-piece  of  some  form, 
and  the  ordinary  pocket  telescope  or  spy-glass  wHth  its  correcting 
eye-piece.  The  late  Dr.  H.  D.  Garrison  and  the  writer  tried  a 
good  many  experiments  with  instruments  of  the  last  named  form, 
but  as  the  pictures  were  never  quite  sharp,  the  matter  was  aban- 

•  From  The  Beacon,  April,  1892. 
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doned  as  not  worth  following  up.  We  did  not  try,  so  far  as  I 
now  remember,  the  double  concave  eye-piece.  The  proposed  Dall- 
meyer  lens  is  simply  an  objective  fitted  with  a  double  concave 
eye-piece;  in  other  words,  an  opera  glass,  and  nothing  else. 
Doubtless  a  skillful  optician  will  be  able  to  figure  these  lenses  so 
that  the  resulting  picture  will  be  some  sharper  than  that  which 
would  be  made  with  a  field  or  opera  glass.  How  far  any  such 
combination  will  stand  a  severe  test  remains  to  be  seen,  but  there 
is  nothing  new  in  the  idea,  and  probably  nothing  new  in  the  at- 
tempt  to  put  it  in  practical  shape. 

In  the  second  place,  anyone  who  chooses  to  take  a  little  trouble 
can  at  least  roughly  test  the  principle  for  himself  at  practically  no 
expense  at  all.  There  is  no  reason  why  such  a  photographic  lens, 
made  in  the  usual  way  by  manufacturing  opticians,  should  cost 
much,  if  any,  more  than  the  ordinary  rectilinear  combination,  and 
especially  if  a  single  achromatic  can  be  used,  as  is  probably  the 
case,  in  place  of  the  more  expensive  doublet. 

I  have  tried  a  few  experiments  in  the  last  day  or  two  with  my 
ordinary  Laveme  lens,  which  I  have  used  in  the  camera  for  all 
purposes  during  the  past  five  or  six  years.  This  has  a  focal 
length  of  about  8%  inches.  I  found  among  my  possessions  two 
double  concave  lenses,  one  which  was  formerly  the  eye-piece  of 
a  cheap  opera  glass,  and  the  other  a  lens  out  of  which  I  made 
some  years  ago  a  finder  for  my  camera.  This  was  before  finders 
of  this  form  were  to  be  had  in  the  market.  A  measurement  of 
these  lenses  gave  for  the  respective  foci  — 1.6  and  +  2.0  inches.  A 
trial  of  the  first  showed  that  it  was  inferior  to  the  other,  for  the 
reason  that  its  diameter  was  so  small  onh^  a  small  part  of  the 
plate  was  covered,  and  therefore  the  other  trials  were  made  with 
the  second  lens.  I  send  with  this  a  print  from  a  negative  made 
with  the  Laveme  lens  in  the  regular  way,  and  attached  to  it  a 
print  from  an  enlarged  view  of  a  small  portion  of  the  other 
picture.  This  was  made  placing  the  double  concave  lens  at  the 
proper  distance  behind  the  other  lens  for  this  enlargement.  This 
gives  a  magnifying  power  of  about  seven  diameters,  and  is  there- 
fore equivalent  in  size  to  a  picture  made  with  an  ordinary  lens  of 
sixty  inches  focus.  This  was  the  maximum  enlargement  which 
could  be  made  with  the  l>ellows  extension  of  my  camera.  A 
greater  enlargement  probably  could  have  been  made  without 
sensibly  affecting  the  sharpness  of  the  picture.  The  plate  in  this 
picture  was  about  nineteen  inches  from  the  principal  lens. 

Of  the  success  of  the  experiment  it  is  unnecessary  to  speak,  as 
the  reproduced  positive  will  show  for  itself.    As  a  crude  attempt, 


with  no  accurate  adjustment  of  the  axes  of  the  two  lenses,  to  say 
nothing  of  the  best  relative  foci,  it  is  perhaps  not  unsatisfactonyv 

Anyone  wishing  to  tty  his  lens  in  this  way  can  easily  do  it  by 
getting  at  any  optician's  or  dealer  in  lenses  a  double  concave  lens 
of  one-half  to  one-fourth  the  focal  length  of  that  of  the  other  lensJ 
to  be  used  with  it.    This  will  only  cost  a  dollar  or  two,  and  is 
all  the  outlay  required.    It  will  be  better  to  set  the  photographic 
lens  forward  of  its  usual  place  in  the  front  board  by  nearly  its. 
focal  length,  and    use    the  cone  or   projecting  tube  as  a  sup-" 
port  for  the  concave  lens,  which  should  be  arranged  to  slide  for  a 
lieiited  distance  toward  or  frt)m  the  front  lens.    As  will  be  seen 
hereafter,  a  slight  change  in  the  position  of  the  former  will  make 
a  great  difference  in  the  scale  or  magnification  of  the  image. 

My  friend,  Dr.  Henry  Crew,  of  the  Lick  Observatory-,  \\*ho  is  an] 
authority'  on  all  theoretical  and  practical  questions  relating  to 
optics,  has  calculated  the  formula  which  govern  the  combination 
and  use  of  lenses  of  this  character.  From  these  formula^  anyone- 
with  very  Httle  mathematical  training  can  find  for  himself  what 
lenses  to  use,  and  how  they  should  be  combined  to  produce  a 
given  result.    This  will  be  clear  from  the  following: 

A  =  focal  length  of  the  combination,  that  is»  of  a  lens  which  i^ould  give  a  picture 

on  the  same  scale  as  the  enlarj^cd  picture. 
F  =^  focal  length  oi  the  iVout  double  or  single  lens. 
f^  focal  length  of  the  concave  lens, 
d  =:  distance  between  the  two  lenses* 

Then, 

FXf 


A  — 


F +  /'—</ 


By  substituting  the  known  values  of  F  and  C  ^nd  assuming  a 
value  for  (7,  we  fjet  at  once  the  focal  length  of  a  single  lens  which 
would  give  a  picture  of  the  same  size  as  that  made  by  the  new 
combination,  and  by  dividing  that  quantity  by  the  focal  length  of  j 
the  front  lens,  we  have  the  magnification  given  by  the  concave" 
lens  at  this  particular  distance  from  the  other.    It  must  be  re- 
membered that  the  focal  length  of  the  concave,  or  negative,  lens  is 
a  negative  or  minus  quantity,  and  the  resulting  value  of  A  must  i 
always  be  a  positive  or  plus  quantity.    The  practical  use  of  the 
formula    will  be  apparent  from   the   following  example,  based 
upon  the  lenses  which  I  have  used  in  the  experiments  referred  to, 
where  F  and  /"are  respectively  +  8,5  and  —  2  inches.    Let  the  as- 
sumed distance  between  the  lenses  l>e  7  inches  and  w*e  have: 

,  _(+8.5)X(~2)_-17  _  .   oj. 
'^~      8.5-2-7      "-aS"^"^ 
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It  IS  evident  that  the  distance  between  the  two  lenses  must 
always  be  greater  than  the  difference  between  the  two  focal 
lengths,  or,  in  this  case  more  than  6Vi  inches;  and  that  the  maxi- 
mum enlargement  will  be  when  the  separation  is  nearest  this 
limit,  whatever  maybe  the  relative  focal  lengths  of  the  two  lenses. 
In  the  above  example  the  photographic  image  would  be  magni- 
fied four  times.  If  the  assumed  distance  between  the  lenses  had 
been  6.6  inches,  the  resulting  value  would  have  been  170  inches, 
:giving  a'magnifying  power  of  twenty.  In  the  accompanying  pic- 
ture,* where  the  power  is  seven  diameters,  the  lenses  must  have 
been  separated  about  6.8  inches.  It  will  be  seen  that  shifting  the 
position  of  the  concave  lens  by  only  one- tenth  of  an  inch  produces 
a  large  difference  in  the  scale  of  the  picture  on  the  plate.  It  will 
also  be  observed  that  a  highly  magnified  image  can  be  obtained 
by  reducing  the  difference  between  the  focal  length  and  the  two 
lenses.  For  example,  if  I  had  used  a  concave  lens  of  six  inches 
focus,  instead  of  two,  and  placed  the  lenses  2.6  apart,  the  picture 
on  the  ground  glass  would  have  been  on  the  same  scale  theoretic- 
ally, as  if  a  single  lens  had  been  used  of  500  inches  focus.  In 
practice,  of  course,  the  range  of  power  would  be  limited,  but  I  am 
unable  to  say  how  far  it  could  be  carried  with  any  given  lens  be- 
fore the  image  would  become  too  indistinct  and  blurred.  Doubt- 
less the  optician,  by  figuring  these  lenses  with  reference  to  their 
combination,  will  be  able  to  produce  a  sharper  magnified  picture. 

Another  of  the  formulae  mentioned  is  important  in  this  connec- 
tion in  order  to  determine  the  distance  of  the  plate  from  the  front 
whether  the  extension  of  the  camera  will  be  sufficient.  If  Y  ==  the 
distance  from  the  plate  to  the  rear  lens,  then, 


v  =  a(J1^) 


Substituting  the  values  of  these  quantities  as  used  in  the  experi- 
ment referred  to,  we  have, 


Y  ^  60  ( — ^"5  — )  =  12  inches. 


Therefore  the  concave  lens  was  12  inches  from  the  plate  and,  of 
course,  the  front  lens  6.8  inches  farther. 

In  making  these  enlarged  pictures  it  is  hardly  necessary  to  say 
that  the  time  of  exposure  is  much  increased.  In  the  picture 
shown    the    exposure    was    about    four    or   five   seconds    on  a 

slow  plate,  with  the  front  lens  stopped  down  to  ^ .    Without 

•  Frontispiece  in  The  Beacon  for  .\pril,  1892. 


the  concave  lens  probably  half  a  second  was  about  the  time  for 
the  other  picture  with  the  same  aperture  and  light.  By  using  a 
larger  lens  in  front,  if  the  necessary  definition  can  be  obtained  in 
that  way,  the  time  can  be  considerably  redticed. 

The  most  useful  and  practical    application    of  this   principle 
would  seem  to  be  in  fitting  a  properly  corrected  double  concave 
lens  to  the  rear  of  the  ordinary  rectilinear  lens  coraraonb^  used 
by  all    photographers.     The  former   should   be  attached    to    a 
tube  which  could  be  screwed  into  the  rear  part  of  the  mounting 
of  the  doublet.    The  concave  lens  should  have  a  sliding  motion  | 
in  this  tube  to  give  the  desirable  range  of  magnifying  power, 
which  would    be  indicated    by  a  graduated  scale.    As  I   have 
shown,  this  change  in  the  position  of  the  rear  lens  would  bej 
limited  to  a  small  distance.    A  system  of  lenses  arranged  in  thiai 
way  would  possess  the  great  advantage  of  allowing  the  doublet  j 
to  be  used  in  the  usual  way,  and  when  the  increased  focal  length 
was  desired  the  rear  lens  could    be   screwed    into    place    in    a 
moment. 


THE  TOTAL  SOLAR  ECLIPSE.  APRIL  15-16,  1893,* 


The  total  eclipse  of  the  Sun,  which  will  take  place  during  the  j 
month  of  April  next  year»  will  most  probably  be  very  widely  oh-  ' 
served,  not  only  because  the  shadow  of  the  moon  passes  over  such 
a  great  stretch  of  land,  but  because  the  phenomenon  occurs  at  the  | 
period  when  a  sun-spot  maximum  is  approaching,  at  which  time, 
of  course,  tlie  disturbed  state  of  the  atmosphere  of  the  Sun  is  on 
the  increase.    The  maximum  time  of  totality  is  also  in  this  case] 
considerable,  amounting  to  as  much  as  4'"  46\ 

Path  of  Shadow.— Th^  gcuera\  trend  of  the  path  of  the  shadow 
will  be  gathered  from  the  accompanying  diagram  (Fig.  1).  This 
track  cuts  through  Chili,  passes  to  the  north  of  the  Argentine 
Republic,  skirts  the  provinces  of  Bolivia  and  Paraguay,  and  runs 
through  the  heart  of  Brazil.  The  centre  of  the  shadow  leaves 
South  America  near  the  town  of  Ceara  or  Fortaleza,  and  travels 
across  the  Atlantic  Ocean,  striking  the  African  coast  between 
Cape  Verde  and  Bathurst. 

Probable  Points  for  06servat/ofjs,  — The  special  points  for  ob- 
servations may  be  said  roughly  to  be  three,  viz,:  the  region 
about  Chili,  the  northeast  corner  of  Brazil,  /.  e.,  the  region  of 
Ceara,  and  the  Senegambian  coast.  These  localities  are  so  situ- 
ated on  the  line  of  central  and  total  eclipse  that  photographs  of 
•  From  Natarc,  Jatie  30, 1892, 


would  be  available.    This  place,  Rosario  de  la  Frontcra,  lies  to 
the  north  of  Tucanian.and  to  the  south  of  Juju^'.its  approximate 
position  being  longitude  65    7',  latitude  25-  48'  S.    The  duration  * 
of  totality  here  amounts  to  3""  8%  the  local  time  of  its  commence- 
ment being  April  15,  20*^  40'".     This  place  should,  if  possible,  be 
made  use  of,  for,  besides  being  easily  accessible,  the  probabilities] 
from  all  accounts  seem  to  be  in  favor  of  fine  weather.    From  ob-i 
serrations  gathered   from    the  nearest    meteorological    station, 
Saita,  the  mean  annual  temperature  is  found  to  be  03  .0  F.,  and 
the  rainfall  22,8  inches;  the  chances  for  clear  weather  at  this  J 
season  being  estimated  at  two-thirds/ 

Following  the  track  of  the  shadow  across  Brazil,  nu  suitable 
^pots  are  reached  until  the  coast  is  approached;  the  most  favor^J 
able  place  he^-e  is  no  doubt  Fortaleza  or  Ceara,  tlie  capital  of 
the  province  of  Ceara,  and  a  city  of  20,000  inhabitants.  Fara 
Curu  is  also  another  ver>^  favorable  point.  lying  nearly  in  thc| 
centre  of  the  line  of  central  eclipse;  its  position  is  longitude  38^ 
30\  latitude  3^  42'  S.,  and  the  local  time  of  the  l>eginning  of  the 
eclipse  is  April  15»  23^*  40"\  the  time  of  its  duration  being  4'"  44*. 

With  regard  to  the  weather  in  this  neighborhood,  the  chancer 
for  clear  skies  seem  unfortunately,  very  small.  The  rainfall  is 
reckcned  as  over  100  inches  i>er  annum,  while  even  in  April  10 
inches  has  V>een  usually  recorded.  For  the  last  five  years  fifteen 
days  on  an  average  in  this  month  havL'  !>een  rainv,  ihc  nnndn-r 
in  one  year  reaching  twenty-om 

Taking  into  account  the  easy  accessibility  ot  the  place,  and  its* 
important  position  on  the  line  of  totality,  it  seems  desirable  that 
at  any  rate  there  should  be  some  obser\'crs  there, 

Following  the  shadow  over  the  Atlantic  Ocean,  we  arrive  at 
the  shores  of  West  Africa^  on  which,  probably  both  I'rench  and, 
English  expeditions  will  take  up  their  respective  positions.  The^ 
accompanying  map  (Fig.  2)  shows  the  coast-line  of  this  region; 
AB,  CD,  and  EF  indicating  the  line  of  central  eclipse  and  the  north- 
em  and  southern  limits.  The  places  which  seem  at  present  to  be 
the  most  favorable  are  Joal  and  Palmerin,  on  the  coast,  if  ob- 
servations there  are  more  convenient  than  others  made  inland. 

The  prospect  of  fine  weather  seems  to  be  more  probable  here 
than  in  America.  December,  January,  and  February  are  the 
cloudy  months,  the  weather  during  March  and  April  being 
usually  fine;  the  rains  begin  about  May;  sometimes  tornadoes 
occur  at  intervals  of  five  or  six  days,  being  accompanied  by 

•  The  information  for  the  most  part  concerning  the  American  stations  t9 
gathered  from  Mr,  H.  S.  Pritchett^s  article,  **Tlie  Tota»  Solar  Eclipse,  April  1.V16, 
18&3,"  ill  the  Juoc  numl^r  of  AsTR'ivnvtv   and  Astro  Fhvsics. 
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heavy  rain,  lasting  generally  from  one  to  two  hours,  leaving  the 
atmosphere  afterwards  bright  and  clear.  The  wind  called  the 
"Harmattan"  during  the  first  three  months  of  the  year  is  gen- 
erally from  the  northeast  and  dry.  It  comes  from  the  Sahara 
Desert,  and  brings  with  it  consequently  minute  particles  of  sand, 
tending  to  give  the  atmosphere  a  yellowish  tint.  In  April  the 
prevailing  wind  is  westerly  to  northwesterly,  and  not  usually 
very  strong. 

The  route  which  the  English  expedition  will  take  has  up  to  the 
present  not  been  definitely  settled.  Several  lines  of  steamers  run 
to  Teneriffe  and  Grand  Canary,  and  if  one  of  Her  Majesty's 
ships  picked  the  expedition  up  at  Teneriffe  and  carried  them 
either  to  Bathurst  or  directly  to  the  Salum  River,  the  matter 
would  be  simplified;  but  failing  this  the  only  available  route 
seems  to  be  that  by  the  British  and  African  Steam  Navigation 
Company.  These  steamers,  touching  at  Madeira,  Teneriffe, 
Grand  Canary,  Goree,  and  Dakar,  naturally  require  much  time  to 
get  to  Bathurst.  Of  the  return  conditions  it  seems  impossible  to 
get  any  information  at  present. 

Taking  into  account  the  accessibility  and  proximity  to  the  line 
of  totality,  perhaps  Palmerin  and  other  places  on  the  same  river 
(River  Salum)  offer  the  greatest  advantages.  The  bar  at  the 
mouth  of  the  river  would  prevent  a  man-of-war  of  deep  draft 
from  proceeding  up  the  river.  As  the  region  here  is  all  under 
French  protection,  the  necessary  official  letters  will  of  course 
have  to  be  obtained. 

There  are  one  or  two  other  points  relating  to  this  region  if  it 
should  by  any  chance  be  ultimately  settled  upon.  Luxuries  in 
the  way  of  tea,  sugar,  milk  (condensed),  cocoa  and  milk,  condi- 
ments, wine  or  spirits,  flour,  biscuits,  soups,  and  preserved 
meats,  should  all  be  brought  from  England ;  rice,  fowls,  sheep, 
goats,  and  bullocks  being  always  procurable  from  the  native  vil- 
lages. 

Cement  and  lime  should  also  be  taken  out,  and  it  seems  proba- 
ble that  the  huts  for  the  instruments  should  be  constructed  at 
home  and  carried  out  there  in  pieces.  The  necessary  housing  of 
the  observers  (and  escort,  if  any)  would  not  prove  very  difficult, 
for  either  room  could  be  found  in  the  villages,  or  bamboo  and 
grass  huts  could  be  quickly  run  up  by  the  natives;  it  might  be 
advisable  to  take  one  or  two  small  tents,  as  they  might  prove 
very  serviceable  just  after  landing. 

With  regard  to  the  packing  of  the  necessary'  instruments,  it 
may  be  said  that  the  carriers*  loads  var3'  from  ^O  to  65  pounds ; 


case  capable  of  being  slung  on  a  bamboo  can  weigh  as  much  as 
J50  pounds,  while  to  carry  a  weight  of  one  hundredweight  the 
services  of  two  men  would  be  required.  Their  wages  would,  of 
course,  depend  on  whether  they  were  obtained  from  Bathurst  or 
the  trading  wharf  on  the  river  at  the  point  of  disembarkation, 
as  in  the  latter  case  the\'  could  t>e  discharged  as  soon  as  the  se- 
lected spot  had  been  reached. 


NOTES  ON   NEW  AND   OLD  NEBULA/ 


LEWIS  SWIFT. 


In  the  February  number  of  Observatory  Mr.  Denning  published 
an  article  with  the  above  caption  to  which  I  immediately  replied, 
but  for  some  unknown  reason  my  answer  has  never  ap|>eared  in 
that  journal.  Speaking  of  a  bright  ne!)ula  he  had  discovered 
about  2^  S.  E,  of  Gamma  Camelopardisi  of  which  the  New  Gen- 
eral Catalogue  contains  no  record,  he  says,  "There  is  probably 
not  another  nebula  so  plain  as  this  remaining  to  be  discovered 
north  of  the  equator/'  I  began  comet-seeking  in  1857  with  my 
present  4V2-inch  telescope*  and  constantly  encountered  nebula 
which,  as  I  possessed  no  catalogue,  I  inferred  were,  of  course,  well 
known,  From  the  start  I  marked  their  places  by  estimation  on 
an  old  Burritt's  Astronomical  Atlas,  for  future  reference,  and  from 
that  date  until  my  assumption  of  the  directorship  of  the  Warner 
Observatory  in  1883,  I  had  recorded  some  two  hundred  and  fifty 
of  these  objects  with  no  suspicion  that  a  single  one  of  them  writ- 
ten down  before  1879  was  new.  Consulting  this  map  1  find  for- 
ty*eight  recorded  within  25^  of  the  pole,  one  being  nearly  2^  S.  K, 
of  Gamma  of  the  constellation  named.  I  cannot  recall  its  appear- 
ance or  brightness  or  the  year  of  its  record,  hut  to  have  been  seen 
with  so  small  a  telescoi>c  it  could  not  have  been  very  faint.  In 
comet  sweeping  for  so  many  j^ears  I  must  have  run  across  it 
many  times.  Some  ten  years  since  when  comet  seekers  allotted 
to  themselves  a  certain  region  for  their  quest,  I  notified  thera 
that  1  would  mark  their  Burritt*s  maps  with  all  tlte  netiula;  1  had 
discovered  during  more  than  twenty  years,  which  I  did,  and  on  all 
the  fifteen  or  more  Atlases  thus  treated,  including  Professor  Bar- 
nard's, the  above  nebula  will  be  found.  As  a  twenty-two  foot 
equatorial  is  an  inconvenient  instrument  for  sweeping  the  polar 
regions,  and  as  I  supposed  all  of  the  forty-eight  objects  alluded  to 
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were  old,  I  have  attempted  to  verify  but  few  of  them.  These  re- 
marks have  been  suggested  by  a  paper  in  Astronomische  Nacb- 
ricbten,  No.  3097,  by  Professor  Barnard  on,  "Two  probably  va- 
variable  nebulse, "  one  of  them  being  the  identical  one  under  dis- 
cussion. After  mentioning  Mr.  Denning's  discovery  on  Nov,  7, 
1890,  he  says,  "I  had  previously  discovered  this  nebula  on  Au- 
gust 23,  1889.  It  is  1^  in  diameter,  round,  and  in  appearance  is 
very  much  like  a  comet.  .  .  .  From  its  brightness  it  is  not 
possible  that  it  has  been  so  conspicuous  for  any  great  length  of 
time,  or  it  would  have  been  found  by  Swift  and  others.  The  fact 
that  Mr.  Denning  and  I  independently  found  it  within  a  little 
over  a  year  is  another  proof  that  it  must  be  brighter  than  in  pre- 
vious years."  He  gives  the  place  of  the  nebula  for  Jan.  1, 1890, 
as  Right  Ascension  3»»  56*"  17%  Declination  north  69°  30'  38''. 

I  can  conceive  of  no  cause  for  the  variability  of  nebulce,  and  find 
no  real  evidence  that  any  such  exist,  though,  provided  the  purity 
of  the  atmosphere  were  the  same  on  all  occasions,  the  variability 
of  his  second  suspect  seems  plausible.  A  slight  change  in  this  re- 
spect, which  in  a  bright  nebula  would  not  be  noticeable, 
could  easily  be  detected  in  a  very  faint  one.  The  same  applies  to 
bright  and  faint  stars  suspected  or  known  to  be  variable. 

I  find  some  twenty  or  more  nebulae  marked  on  my  Burritt's 
chart  in  the  vicinity  of  his  second  nebula,  though  none  in  the  ex- 
act place  of  the  object  discovered  by  him  on  Nov.  30,  1888,  in 
R.  A.  0»»  37™  55«.71 ;  Decl.  south  8°  48'  6".5. 

Warner  Observatory,  Rochester,  N.  Y.,  July  13,  1892. 


THE  nebular   hypothesis.* 


When  we  look  up  at  the  clear  sky  at  night,  the  stars  and  the 
planets  seem  to  be  equalh'  distant,  for  the  judgment  of  the  eye  is 
at  fault  for  objects  so  remote;  but  astronomy  teaches  us  that  the 
Sun  is  a  star,  like  the  stars  that  we  see  in  the  sky,  and  that  the 
planets,  including  the  earth,  revolve  around  him  in  obedience  to 
the  laws  of  gravitation,  at  distances  which  are  insignificant  in 
comparison  with  the  vast  intervals  which  separate  the  stars 
from  one  another.  The  Sun  and  planets,  therefore,  form  a  closely 
connected  system  isolated  in  space;  they  are  members  of  one 
family,  and  their  contiguity  alone  points  to  an  identity  of 
origin.  We  shall  find  many  other  facts  bearing  out  the  conclu- 
sion which  we  thus  anticipate. 

*  A  lecture  by  James  E.  Kceler,  Allegheny  Observatory,  delivered  before  the 
Academy  of  Science  and  Art,  of  Pittsburg,  onNov.  6,  1891. 
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So  far  as  we  can  know  the  manner  in  which  the  works  of  God 
are  perfected » it  is  by  a  slow  process  of  evolution  rather  than  by 
special  creation.  The  nebular  hypothesis,  which  is  our  subject 
for  this  evening,  seeks  to  explain  the  origin  of  the  solar  system, 
not  by  referring  it  to  a  special  creative  act  of  the  Deity»  but  by 
regarding  the  Sun  and  planets  as  the  result  of  development  from 
a  pre-existing  form  of  matter,  by  the  action  of  forces  which  are 
still  in  operation.  The  origin  of  matter  is  a  mystery  \\  liich  the 
nebular  hypothesis  makes  no  attempt  to  solve. 

It  is  evident  that  we  are  here  outside  the  provuicc  ol  astron- 
omy considered  as  an  exact  science,  and  are  in  the  realms  of  hy- 
pothesis and  speculation;  but  our  speculations  must  be  held 
tightly  in  check;  they  must  be  well  within  the  bounds  of  proba- 
bihty»  they  must  contradict  no  single  natural  law,  and  they 
must  run  in  harmony  with  the  whole  course  of  the  teachings  of 
ph3'sical  science;  hence  they  can  be  profitably  indulged  in  onh'  by 
those  profoundly  versed  in  the  laws  of  nature,  and  not  by  anv 
one  who  chooses  to  give  a  loose  rein  to  his  imagination. 

We  have  seen  that  the  Sun  is  a  star.  Let  us  then  look  to  the 
heavens  above,  to  see  if  among  the  thousands  of  his  com|X'ers  we 
can  find  something  which  will  assist  us  in  tracing  the  history  of 
his  past. 

If,  when  you  go  out-doors  this  evening,*  you  will  look  up 
at  the  sky  overhead,  you  will  see  in  the  constellation  Androm* 
eda  at  a  point  which  I  will  presently  describe  more  defi- 
nitely, a  very  faint,  almost  imperceptible,  patch  of  light.  If  you 
will  look  at  this  object  with  an  opera  glass,  or  better  yet,  with 
a  large  field  glass,  you  will  find  that  it  is  elongated,  bright  in  the 
center,  and  fading  gradually  away  at  the  edges  until  it  is  lost  in 
the  sky.  This  is  the  nebula  of  Andromeda,  type  of  one  of  the 
two  great  classes  into  which  the  singular  objects  known  as 
nebula?  may  be  divided. 

Faint  as  this  nebula  appears  to  the  naked  eye,  it  is  one  of  the 
brightest  and  largest  in  the  heavens,  so  that  it  is  sometimes 
called  the  "  ijueen  of  the  Nebula?/*  It  is  the  only  real  nebula  which 
was  known  before  the  invention  of  the  telescoi>e.  Its  real  dimen- 
sions  must  be  enormous.  If  we  suppose  the  distance  of  the 
nebula  to  be  no  greater  than  that  of  the  nearest  star  we  see,  its 
length  must  be  more  than  30,000  times  the  distance  from  the 
Earth  to  the  Sun,  so  that  the  whole  orbit  of  Neptune  is  insignifi* 
cant  compared  with  it.  How  much  larger  the  nebula  actually  is 
than  this,  we  have  no  means  of  telling.    Prolessor  G.  P.  Bond^ 
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one  of  the  early  directors  of  Harvard  College  Observatorj',  dis- 
covered two  dark  rifts  or  channels  running  along  one  side  of  the 
nebula,  at  places  which  are  indicated  in  this  diagram. 

What  is  this  nebula?  It  is  the  first  and  most  natural  question 
which  it  would  occur  to  any  one  to  ask ;  I  must  tell  you  at  once 
that  this  question  cannot  yet  be  definitely  answered,  but  I  shall 
trj'  to  tell  you  some  of  the  interesting  facts  that  are  known 
about  the  nebulce.  The  last  few  years  have  added  ver3''  much  to 
our  store  of  information. 

It  was  once  supposed  that  the  nebulse  were  aggregations  of 
stars,  so  immensely  distant  that  with  the  largest  telescopes  the 
individual  stellar  components  could  not  be  distinguished.  In  the 
constellation  Hercules  is  an  object  which  with  a  field-glass  looks 
exactly  like  a  nebula,  but  on  employing  a  larger  telescope  it  is 
resolved  into  a  globular  cluster  of  something  like  two  thousand 
minute  stars.  It  was  thought  that  all  nebulse,  if  sufiicient  opti- 
cal power  could  be  brought  to  bear  on  them,  would  be  similarly 
resolved  into  stars,  but  this Was  an  error,  for  we  now  know  that 
many  of  the  nebulse  are  not  made  up  of  stars  at  all. 

No  telescope  revealed  to  the  eye  much  more  of  the  nature  of  the 
Andromeda  nebula  than  what  I  have  indicated  in  the  diagram.* 
The  principal  reason  for  this  is  that  the  field  of  view  of  a  large 
telescope  is  limited,  so  that  the  whole  nebula  cannot  be  seen  at 
once.  It  was  reserved  for  photographj'  to  reveal  the  true  struct- 
ure of  this  great  nebula.  We  will  project  a  view  of  it  on  the 
screen,  and  at  the  same  time  illustrate  the  disadvantage  of  a 
small  field. 

The  first  photograph  which  showed  the  structure  of  the  An- 
dromeda nebula  was  made  by  Mr.  Roberts, of  England.  The  one 
which  we  have  in  the  lantern  was  taken  by  Mr.  Barnard,  of  the 
Lick  Observatory,  with  a  comparatively  small  telescope,  but  it  is 
of  such  exquisite  sharpness  that  it  shows  everything  on  the  larger 
photographs.  Over  the  slide  I  have  placed  a  piece  of  tin,  in  which 
there  is  a  round  hole.  You  therefore  see  upon  the  screen  only  a 
small  part  of  the  nebula,  but  the  size  of  the  hole  is  such  that  the 
small  circle  of  light  on  the  screen  contains  as  much  of  the  sky 
as  can  be  seen  at  once  with  the  great  Lick  Telescope.  By  moving 
the  piece  of  tin  about  we  can  bring  different  parts  of  the  nebula 
into  view,  but  \'Ou  see  that  in  this  wa\'  it  is  difficult  to  form  an 
idea  of  the  true  sha|)e  of  the  object  behind  it.  Wc  now  remove 
the  tin,  and  the  whole  magnificent  object  is  visible  at  a  glance. 
Only  one  of  the  thousands  of  stars  dotted  over  the  screen  is  visi- 
ble to  the  naked  eye.  Here  are  Bond's  dark  lanes,  which  you  now 
recognize  as  elliptical,  or  rather  spiral,  ritts,  extending  completely 
around   the  nebula.     At  this  place,  near   the  center,  a  new   star 

•  See  Cliamf)crs'  .\siron«»my.  Vol.  HI.  pni^c  To.  AKo,  Vnun^^'s  Oneral  As- 
tronomy, ])l*il€  .*»04. 


Antlrumcdn  NchuJn  troni  al'hoto^raiih  hy  Mr  K<*hrrts  copied  from  HimtncI 
and  Brdc,  Set',  nisn.  Sithrent  Mcsaenger,  VoL  IX*  Frontispiece.  Cut  riocs  ROt 
show  small  ftckl  uf  Ihr  Orcat  Lick  TclescDpc. 

Yoli  will  notice  that  the  whole  aspect  of  the  nebula  suggests 
condensation  toward  the  center^  and  that  the  arrangement  of 
many  stars  in  lines  following  the  outlines  of  the  nebula  leaves  lit- 
tle room  for  doubt  that  these  stars  and  the  nebula  are  in  somcj 
wav  related. 

[to  be  continued.] 
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ON   NOVA  AURIGA.* 


WILLIAM  HUGGIN8.  P.R.S..  AND  MRS.  HUGGINS. 


W«  had  the  honor  in  February  last  of  communicating  to  the 
Royal  Society  a  short  preliminary  note  on  the  remarkable  spec- 
tnun  of  this  temporary  star.  We  beg  now  to  present  a  fuller  ac- 
count of  our  observations,  together  with  two  maps  of  the  spec- 
tmm  of  this  star,  and  some  theoretical  suggestions  as  to  its 
nature.  One  map  represents  the  result  of  our  work  by  eye  in  the 
visible  region ;  the  other  map  has  been  drawn  from  a  photograph 
of  its  spectrum,  taken  without  its  light  having  passed  through 
glass,  and  which  extends  into  the  ultra-violet  nearly  as  far  as  the 
absorption  of  our  atmosphere  permits  even  the  solar  rays  to 
pass. 

Oo  the  Visible  Region  of  the  Starts  Spectrum. 

The  kindness  of  Professor  Copeland  in  sending  us  a  special  tele- 
gram on  February  1  enabled  us  to  commence  our  observations 
of  the  star  on  February  2,  when  it  was  of  about  the  4.5th  mag- 
nitude. These  observations  were  continued  on  the  following 
evening,  and  on  the  5th,  6th,  22nd,  and  24th  February,  and  on 
the  15th,  18th,  19th,  20th,  and  24th  March,  when  the  sky  was 
more  or  less  sufficientl3''  clear  for  further  observations  to  be  made 
by  )Bye.  On  the  two  ends  of  the  spectrum  the  obser\'ations  were 
usually  made  with  a  spectroscope  containing  one  dense  prism  of 
60°,  but  the  comparisons  in  the  brighter  parts  of  the  spectrum 
were  obsen'ed  with  a  more  powerful  spectroscope  containing 
two  compound  prisms. 

Comparisons  with  Hydrogen. —Three  bright  lines  of  great  bril- 
liancy, about  the  positions  H/y,  Hft,  and  Hy,  left  little  doubt 
that  they  were  due  to  hydrogen.  The  corresponding  lines  of  a 
hydrogen  vacuum  tube  were  found  to  fall  upon  these  lines,  show- 
ing that  the}'  had  their  origin  in  this  gas ;  but  the  line  in  the  star 
at  F,  which  could  be  best  observ-ed,  showed  a  large  shift  of  posi- 
tion towards  the  red.  The  line  from  the  vacuum  tube  lell  not 
upon  the  middle  of  the  line,  but  near  its  more  refrangible  edge. 
The  star  line  was  brighter  on  the  more  refrangible  side,  so  much 
so,  indeed,  that  our  first  impression  was  that  this  side  of  the 
line  only  might  be  truly  H/J^,  and  the  less  bright  part  towards 
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doubt  tiiat  tbongii  th^  prtscnted  tlie  mmsital  charai 
imc  double,  and  aometinMs  triple,  tbej  wtre  doe  wholly  to  hydro- 
gen.    Th»e  lines  wcfic  rather  broad,  bat  defined,  r^       '   '^^  so  on 
tbe  fDore  rdraogible  edge.    Stmilarly  to  what  i»  oi  tn  the 

apeetrvm  of  terrestrtal  hydrogeti,  C  wa*  narrower  than  F,  which 
ngssm  was  kns  broad  than  Hy  near  G. 

The  ronarfcabie  phenomenon  presented  itself  that  all  tbe  bright 
hydrogen  lines  and  some  other  of  the  bright  lines  wert  doubled 
by  a  dark  line  of  absorption  of  the  same  gas  on  the  bhic  side, 
Tbe  #hift  of  tbe  dark  hydrogco  Kocs  towards  tbe  bine  showed  a 
▼dodty  of  approach  of  this  cooler  $tas  somewhat  greater  than 
the  reccsrion  of  the  gas  emittinj^:  the  bright  lines.  Our  estimates 
of  thenrlatire  relocity  would  place  it  at  about  550  mites  a  sec- 
ond, whteh  ui  in  good  accordance  with  the  result  obtained  by 
Profcssor  V'ogel  from  the  measuremcot  of  his  p'  r»hs. 

So  fer  as  our  iustrumetits  enabled  us   to  dti  j  the  point 

Bttidcr  the  unfavorable  condition  of  the  rapidly  waning  light  of 
the  star,  no  material  change  in  the  relative  motion  of  the  gases 
producing  tbe  bright  and  dark  lines  took  place  from  February  2 
to  about  March  7,  when  the  star's  light  became  too  faint  for 
soch  obsen-ations — a  result  which  we  believe  to  be  in  accordance 
with  successive  photographs  taken  at  Potsdam.  Cambridge 
(U.  S-),  Stony  hurst,  and  some  other  observatories. 

Comparison  with  Sofliutn. — A  bright  line,  which  uti  one  oc- 
casion we  glimpsed  as  double,  appeared  about  the  position  of  1). 

Direct  comparisons  with  a  sodium  flame,  while  leaving  no 
doubt  that  the  line  was  due  to  this  substance,  showed  that  it 
was  shifted,  similarly  to  the  bright  hydrogen  lines,  towards  the 
red.  Perhaps  we  should  state  that  at  the  time  we  had  the  im- 
pression that  this  line  was  not  shifted  to  so  large  ati  amount  rel- 
atively to  sodium  as  was  the  F  line  relatively  to  hydrogen.  As 
tbe  comparison  was  more  difficult  at  this  part  of  the  spectrum, 
and  one  prism  only  was  used,  we  do  not  attach  importance  to 
thi>  observation, 

CompBrisoas   with   Nitragtn  nad  Lead.— There  can  l>e  little 
doubt  that  one  of  the  four  brilliant  lines  in  the  green  is  the  same 
line  which  appeared  in  the  Nova  of  18Tt>.  and  was  at  that  time 
suspected  of  Ijeing  the  chief  nebular  line.    Very  great  pains  w 
taken  to  ascertain  its  exact  posiii<in  iitul  character. 

For  this  purj^iose,  on  February  2,  and  again  on  February  3,  d 
rtct  comparisons  were  made  with  the  more  powerful  spectro* 
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the  red,  a  line  of  some  other  substance  falling  near  it.  Subse- 
quent observations  of  the  hydrogen  lines  in  the  star  left  no 
doubt  that  though  they  presented  the  unusual  character  of  be- 
ing double^  and  sometimes  triple,  they  were  due  wholly  to  hydro- 
gen. These  lines  were  rather  broad,  but  defined,  especially  so  on 
the  more  refrangible  edge.  Similarly  to  what  is  observed  in  the 
spectrum  of  terrestrial  hydrogen,  C  was  narrower  than  F,  which 
again  was  less  broad  than  H;'  near  G, 

The  remarkal»le  phenomenon  presente<l  itself  that  all  the  bright 
hydrogen  lines  and  some  other  of  the  bright  lines  were  doubled 
b^^  a  dark  line  i»f  alisorption  of  the  same  gas  on  the  blue  side. 
The  shift  of  the  dark  hydrogen  lines  towards  the  blue  showed  a 
velocity  of  approach  of  this  cooler  gas  somewhat  greater  than 
the  recession  of  the  gas  emitting  the  l)right  lines.  Our  estimates 
of  the  relative  velocity  would  place  it  at  about  550  miles  a  sec- 
ond, which  is  in  good  accordance  with  the  result  obtained  by 
Professor  Vogel  from  the  measurement  of  his  [ih(»tographs. 

So  far  as  our  instruments  enabled  us  to  determine  the  point 
under  the  unfavorable  condition  of  the  rapidly  waning  light  of 
the  star,  no  material  change  in  the  relative  motion  of  the  gases 
producing  the  bright  and  dark  lines  took  place  from  Fel>ruary  2 
to  about  March  7,  when  the  star's  light  became  too  faint  for 
such  observations — a  result  which  we  believe  to  be  in  accordance 
with  successive  photographs  taken  at  Potsdam,  Cambridge 
(U.  S.),  Stonyhurst,  and  some  other  observatories. 

Compnrison  with  Sorlitiw. — A  bright  line,  which  on  one  oc- 
casion we  glimpsed  as  double,  appeared  aliout  the  position  oft). 

Direct  comparisons  with  a  sodium  flame,  while  leaving  no 
doubt  that  the  line  was  due  to  this  substance,  showed  that  it 
was  shiftetl,  similarly  to  the  bright  hydrogen  Irnee,  towards  the 
red.  Perhaps  we  should  state  that  at  the  time  we  had  the  im- 
pression that  this  line  was  not  shifted  to  so  large  an  amount  rel- 
atively to  sodium  as  was  the  F  line  relatively  to  hydrogen,  As 
the  comparison  was  more  difficult  at  this  part  of  the  s{>ectrum, 
and  one  prism  only  was  used»  we  do  not  attach  importance  to 
this  observation. 

Comparisons  with  Nitrogen  and  Leac/.— There  can  be  little 
doubt  that  one  of  the  four  brilliant  lines  in  the  green  is  the  same 
line  which  appeared  in  the  Nova  of  lh7*»,  and  was  at  that  time 
suspected  of  being  the  chief  nebular  line.  Very  great  pains  were 
taken  to  ascertain  its  exact  position  and  character. 

For  this  purpose,  on  February  2,  and  again  on  February  3,  dt* 
rect  comparisons  were  made  with  the  more  powerful  spectro- 
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scope  of  the  star's  line  with  the  brightest  double  line  of  the  ni- 
trogen spectrum,  and  also  with  a  line  of  lead,  to  which  line  the 
near  relative  position  of  the  nebular  line  is  accurately  known. 
Comparisons  on  both  nights,  and  with  both  lines,  showed  that 
the  star  line  was  certainly  less  refrangible  than  the  chief  nebular 
line,  and  by  a  much  larger  amount  than  the  shift  of  F  relatively 
to  hydrogen.  A  similar  conclusion  has  been  arrived  at  by  Pro- 
fessor Young,  Professor  Vogel,  Professor  Campbell,  at  the  Lick 
Observatory,  Father  Sidgreaves,  Dr.  Becker,  and  M.  B€lop61sky, 
at  Pulkova.  The  position  of  the  line  in  the  star  is  about  A.  5014 
and  the  line  may  well  be  one  about  this  position  which  is  fre- 
quently seen  bright  at  the  Sun's  limb. 

It  may  be  added  that  though  three  faint  bright  lines  are  to  be 
seen  in  the  star's  spectrum,  not  far  from  the  place  of  the  second 
nebular  line,  no  one  of  them  can  be  regarded  as  that  line.  Indeed 
no  certain  evidence  exists  that  the  chief  nebular  line  occurs  with- 
out the  second  line.  In  some  cases  of  my  early  observations  on 
the  nebulae  in  which  I  recorded  the  spectrum  as  consisting  of  one 
line  only,  I  have  since  with  better  instruments  been  able  to  see  the 
second  and  third  lines  as  well.  The  origin  of  the  second,  as  well 
as  that  of  the  chief  nebular  line,  is  not  known.  Professor  Keeler 
has  shown  that  the  second  nebular  line  is  not  coincident  with  the 
double  line  of  iron,  which  is  very  near  it. 

The  conclusion  that  the  spectrum  of  the  Nova  has  no  relation- 
ship with  that  of  the  bright-line  nebulae  would  be  strengthened,  if 
further  confirmation  were  needed, by  the  absence  in  a  photograph 
we  took  of  the  spectrum  of  the  New  Star  of  a  very  strong  ultra- 
violet line  which  is  usually  found  in  the  spectrum  of  the  nebula  of 
Orion. 

Comparison  with  the  Hydrocarbon  Flame  and  Carbon  Oxide, 
— The  brightest  line  in  the  spectrum  of  the  Nova,  with  the  excep- 
tion of  F,  falls  near  the  brightest  edge  of  the  green  fluting  of  the 
hydrocarbon  flame.  Direct  comparisons  showed  the  star  line  to 
fall  a  little  to  the  red  side  of  the  edge  of  the  fluting;  but,  allowing 
for  a  shift  of  the  star's  spectrum,  the  place  of  the  line  would  be 
near,  though  not  coincident  with,  the  brightest  edge  of  the 
fluting. 

The  character  of  the  star  line  leaves,  however,  no  doubt  on  this 
point,  for  it  is  multiple  with  the  brightest  and  most  defined  line 
on  the  blue  side,  contrary  to  the  fluting  which  is  defined  on  the 
red  side,  and  gradually  falls  off  towards  the  blue.  If  an3'  uncer- 
tainty could  be  supposed  still  to  remain,  it  was  wholly  removed 
when  we  found  no  brightenings  in  the  star's  spectrum  corres- 


ponding  to  the  other  flutings  of  the  hydrocarbon  flame.  A  bright 
band  in  the  blue  falls  just  beyond  the  fluting  in  this  region.  This 
band  may  have  the  same  origin  as  a  similar  band  in  certain  of  the 
Wolf-Rayet  stars. 

We  conclude  that  the  spectrum  of  the  Nova  has  no  relationship 
with  the  usual  spectrum  of  comets. 

We  found  from  direct  comparison  that  the  different  set  of  flut- 
ings characteristic  of  the  carbon  oxide  spectrum  was  not  repre- 
sented by  any  corresponding  brightenings  of  the  spectrum  of  the 
Nova. 

Comparison  with  Magnesium. — It  was  not  unreasonable  to 
suppose  that  the  star  line  might  have  its  origin  in  magnesium,  the 
triple  line  of  which  at  b  falls  almost  at  the  same  place.  The  com- 
parison showed  the  stellar  line  falling  upon  the  more  refrangible 
pair  of  the  magnesium  triplet,  and  to  overlap  it  slightly  on  both 
sides,  but  rather  more  on  the  blue  side.  Considering  that  with 
the  resolving  power  used  the  three  lines  of  the  triplet  were  well 
separated,  and  that  we  sought  in  vain  for  a  similar  triplet  in  the 
star;  and,  further,  that  if  the  probable  shift  of  the  star's  spec- 
trum towards  the  red  be  taken  into  account,  the  star  line  would 
ftill  rather  more  to  the  blue  side  of  the  more  refrangible  pair  of 
the  triplet,  w*e  consider  it  probable  that  the  star  line  has  some 
other  origin.  The  stellar  line  is  multiple,  but  it  was  found  difli* 
cult  to  observe  it  with  a  sufficiently  narrow  slit.  A  thin  and  de* 
fined  bright  line  was  clearly  seen  at  the  blue  side  of  the  rather 
broad  stellar  line,  but  the  remaining  and  less  bright  part  of  the 
line  was  not  certainly  inade  out,  but  on  one  occasion  it  was 
more  than  suspected  of  consisting  of  several  lines. 

We  consider  the  evidence  to  be  against  the  star  line  having  its 
origin  in  magnesium,  especially  as  no  correspondingly  bright 
lines  were  observed  in  the  Nova  at  the  positions  of  the  other 
strong  lines  of  the  spark  spectrum  of  magnesium,  nor  in  our  pho- 
tograph at  the  position  of  the  strong  magnesium  triplet  a  little 
more  refrangible  than  H. 

The  third  bright  line  in  the  green  of  the  Nova  w^hich  is  nearest 
to  F,  and  the  least  brilliant  of  the  lines  in  this  region,  was  found 
to  have  a  wave-length  of  about  A  4921.  A  large  number  of  bright 
lines  were  seen  in  the  spectrum  besides  those  which  have  been 
entered  on  the  map. 

The  lines  only  of  which  we  were  able  to  fix  the  position  with 
approximate  accuracy  are  drawn  across  the  sfjectrum.  The 
places  of  the  lines  drawn  partly  across  the  map  are  from  estima- 
tions only. 
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We  observed  a  line  a  little  more  refrangible  than  D,  of  which 
the  position  when  corrected  for  the  shift  of  the  spectrum,  is  at  or 
very  near  that  of  D,.  Also  a  bright  line  below  C,  and  others  be- 
tween C  and  D. 

On  February  2  and  February  3  groups  of  numerous  bright  lines 
crowded  the  spectrum  between  b  and  D,  which  were  less  easily 
seen  as  the  star  waned. 

The  continuous  spectrum  extended,  when  the  star  was  bright- 
est, below  C,  and  as  far  into  the  blue  as  the  eye  could  follow  it,  at 
this  time  to  a  little  distance  beyond  G. 

The  visible  spectrum  of  the  Nova,  and  especially  the  reversal  of 
H  and  K,  and  of  the  complete  series  of  the  hydrogen  lines  in  the 
ultra-violet,  together  with  the  probable  presence  of  D„  suggests 
strongly  a  state  of  things  not  unlike  what  we  have  in  the  hotter 
erupted  matter  at  the  solar  surface.  In  a  photograph  of  a 
prominence  taken  on  March  4,  1892,  which  I  have  received  from 
M.  Deslandres,  not  only  H  and  K  and  the  complete  series  of  hy- 
drogen lines  are  reversed,  but  three  bright  lines  appear  beyond 
which  may  be  more  refrangible  members  of  the  same  series* 

Pbotograpb  oi  the  Ultra-Violet  part  of  the  Spectrum.— On  Feb- 
ruary 22  and  March  9  we  took  photographs  of  the  star  with 
mirror  of  speculum  metal  and  a  spectroscope  of  which  the  optical 
part  is  made  of  Iceland  spar  and  quartz. 

The  photographs  taken  on  February  22  with  an  exposure  of 
1%  hour  surprised  us  in  showing  an  extension  of  the  star  spec- 
trum into  the  ultra-violet,  almost  as  far  as  the  limit  imposed 
upon  the  light  of  celestial  bodies  by  the  absorption  of  our 
atmosphere. 

Not  only  the  hydrogen  lines  near  G  and  at  A,  but  also  H  and  K, 
together  with  the  complete  series  which  appear  dark  in  the  white 
stars,  came  out  bright,  each  with  its  corresponding  absorption 
line  on  the  blue  side.  There  are  some  inequalities  of  brightness 
in  these  lines,  especially  in  the  line  (J,  which  is  brighter  than  y  or  /^, 
which  probably  arises  from  lines  of  other  substances  falling  near 
them.  On  this  night  K  was  followed  by  a  strong  absorption, 
which  was  less  intense  than  the  absorption  at  H. 

Beyond  the  hydrogen  series  the  spectrum  is  rich  in  bright  lines, 
which,  in  most  cases,  are  accompanied  by  lines  of  absorption. 
Necessarily,  from  the  long  range  of  spectrum  included  on  the 
plate,  the  scale  is  small,  and  for  this  reason,  and  from  the  faint- 


•  M.  Deslandres  informs  me  that  his  measures  of  the  position  of  the  three 
lines  falls  into  Balmer's  formula  for  the  hydrogen  series.  We  must  regard  them, 
therefore,  as  members  of  that  series,  and  due  to  hydrogen.    June  1. 


ness  of  the  more  refrangible  portion  of  the  spectrum  when 
observed  under  the  measuring  microscope,  the  positions  given  to 
the  stronger  groups,  which  alone  have  been  inserted  in  the  map, 
must  be  regarded  as  approximate  only. 

Below  the  spectrum  of  the  Nova,  the  spectrum  of  Sirins  has 
been  drawn  for  comparison.  The  group  near  the  more  refrangible 
limit  of  the  s|)ectrura*  has  been  drawn  in.  Numerous  other  lines 
between  this  group  and  the  end  of  the  hydrogen  series  have  been^ 
detected  in  our  photographs  of  Sinus,  but  have  not  yet  been  ^ 
measured  with  sufficient  accuracy  to  justify  us  in  putting  them 
into  the  map. 

In  this  map  the  shift  of  the  spectrum  of  the  Nova  has  not  been 
attempted  to  be  shown.  The  bright  lines  in  the  star  have  been 
put  at  the  places  of  the  hydrogen  lines. 

To  the  extreme  limit  of  the  spectrum  a  faint  continuous  si>ec- 
trum  shows  itself 

The  photograph  of  March  9,  exposed  lor  IV2  hour,  was  rathci 
faint,  as  the  state  of  the  sky  was  unfavorable. 

The  apparently  Multiple  Character  of  the  Lmes,— On  February 
2  we  noticed  that  the  F  line  was  not  uniform  throughout  its 
breadth,  and  soon  came  to  the  conclusion  that  it  was  divided, 
not  quite  symmetrically,  by  a  very  narrow  dark  line.  The  niorei 
refrangible  component  was  brighter,  and  rather  broader  than  the 
other.  Later  on  in  February  we  were  sure  that  small  alterations 
were  taking  place  in  this  line,  and  that  the  component  on  the  blue 
side  no  longer  maintained  its  superiority.  We  suspected,  indeed, 
at  times  that  the  line  was  triple,  and  on  towards  the  end  of  Feb- 
ruary and  in  the  beginning  of  March  we  had  no  longer  an^'  doubt 
that  it  was  occasionally  divided  into  three  bright  lines  by  the  in- 
coming of  two  very  narrow  dark  lines. 

Similar  alterations,  giving  a  more  or  less  apparent  multiple 
character  to  the  lines,  are  to  be  seen  not  only  in  the  bright  lines, 
but  also  in  those  of  absorption  in  contemporary  photographs 
taken  of  the  spectrum  of  the  star.  I  may  mention  those  taken  at 
Potsdam,  Stonyhurst,  and  the  Lick  Observatory-.  They  were 
specially  watched  and  measured  by  M,  Belop61sky  at  Pulkova, 

Professor  Pickering  informs  me  that  on  a  photograph  taken  at 
Cambridge.  U.  S.,  on  February  27,  H.  K,  and  fit  are  triple,  and 
that  Miss  Maury  recorded,  *'the  dark  hydrogen  lines  rendered 
double,  and  sometimes  triple,  by  the  appearance  of  fine  bright 
threads  superposed  upon  the  dark  bands." 

To  explain  these  appearances  on  the  assumption  that  each  com- 
•  Moy.  Soc.  Proc,  vol.  48,  p.  216. 
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ponent  of  the  bright  and  dark  lines  is  produced  by  the  emission  or 
absorption  of  hydrogen  moving  with  different  velocities  would 
require  a  complex  system  of  six  bodies  all  moving  differently. 

A  much  more  reasonable  explanation  presents  itself  in  the 
phenomena  of  reversal,  which  are  very  common  on  the  erupted 
solar  surface  and  in  the  laboratory.* 

Professor  Liveing  informs  me  that  he  and  Professor  Dewar,  in 
their  researches  with  the  arc-crucible,  met  with  cases  in  which, 
through  the  unequal  expansion  of  the  bright  line  on  the  two 
sides,  the  narrow  reversed  dark  line  did  not  fall  upon  the  middle 
of  the  broader  bright  line,  but  divided  it  unsymmetrically.  This 
effect  was  notably  shown  in  photographs  which  they  took  of  the 
spectrum  of  zinc.  Unsy mmetrical  division  of  the  lines  by  reversal 
would  also  come  in,  if  the  cooler  and  hotter  portions  of  the  gas 
were  possessed  of  relative  motion  in  the  line  of  sight. 

These  observers  met  also  with  double  reversals  which  gave  a 
triple  character  to  the  expanded  single  line.  In  one  experiment, 
when  sodium  carbonate  was  introduced  into  the  arc,  the  reversed 
D  lines  were  seen  as  a  broad  dark  band  with  a  bright  difiiise  band 
in  the  middle.  As  the  sodium  evaporated  the  band  narrowed, 
and  the  bright  line  in  the  middle  showed  a  second  reversal  within 
it.    This  was  a  case  of  threefold  reversal. 

There  would  seem  to  be  little  doubt  but  that  the  more  or  less 
divided  character — sometimes  unsymmetrically — of  the  bright 
and  dark  lines  of  the  Nova,  which  appeared  to  be  undergoing 
continual  alterations,  was  due  to  the  incoming  upon  the  broader 
lines  of  nan'ow  reversed  lines,  bright  or  dark,  as  the  case  might 
be.  Provision  mu^t  therefore  be  made  for  conditions  favorable 
for  such  reversals  in  any  hypothesis  which  is  suggested  to 
account  for  the  phenomena  of  the  new  star. 

Waning  of  the  Star.— The  first  record  of  this  star  was  its 
appearance  as  a  star  of  the  5th  magnitude  on  a  plate  taken  at 
Cambridge,  U.  S.,  on  December  10,  1891.  No  star  so  bright  as 
the  9th  magnitude  was  found  at  its  place  on  a  plate  taken  by 

*M.Dcslandre8  permits  me  to  quote  the  results  of  his  recent  observations  on  this 

Point.  **  Lorsque  Ton  diri^e  sur  la  fente  d'un  spectroscope  de  grande  dispersion 
image  d'une  facule  du  Soleil  on  a  invariablement  avec  les  raies  H  et  K  du  calcium 
tin  renversement  triple.  M^me,  lorsque  les  facules  sont  larges  et  intenses,  on  ob- 
tient  encore  un  renversement  triple  avec  les  raies  brillantes  centrales,  plus  faibles 
il  est  vrai,  si  Ton  envoie  dans  le  spectroscope  la  lumi^re  de  tous  les  points  du  Sol- 
eil, comme  c'est  le  cas  pour  les  ^toiles;  par  example  en  dirigeant  le  collimateur 
vers  le  Soleil  sans  Tin  termed  iai  re  d*nucun  objectif,  ou  encore  en  le  dingeant  vers 
un  point  qoelquonque  du  ciel.  Si  elles  sont  au  centre  la  raie  centrale  est  k  sa  place 
normale,  ti  elks  sont  k  Test  ou  k  Touest  la  raie  centrale  est  deplac^  l^g^rement 
{2  kH.  an  plus)  mats  deplac^  surement.  Au  point  de  vue  pratique  cette  propri^t^ 
fonmit  an  moyen  de  reconnoitre  I'^tat  g^n^ral  de  la  surface  solaire  lorsque  le  Sol- 
eil est  cach^  par  les  nuages." 


Dr,  Max  Wolf  on  December  8,  Combining  the  photographic 
magnitudes  obtained  at  Greenwich  with  the  \isual  ones  made  at 
the  l^niversity  Obser\'atory,  Oxford,  and  by  Mr.  Stone  and  Mr. 
Knott,  we  find  that  throughout  February  and  the  first  few  days  of 
March  the  light  of  the  star  declined  very  slowly,  but  with  con- 
tinual and  considerable  fluctuations,  from  about  the  4, 5th 
magnitude  down  to  the  Oth  magnitude.  After  March  7,  the 
remarkable  swayings  to  and  fro  of  the  intensity  of  its  liglit,  set 
up  probabl_v  by  commotions  attendant  on  the  causes  of  its  out- 
burst, calmed  down,  and  the  star  fell  rapidh'  and  with  regularity 
to  about  the  11th  magnitude  by  March  24,  and  then  dow^  to 
nearly  the  14.4th  magnitude  by  April  1.  On  April  26,  however, 
it  was  still  visible  at  Harv^ard  Observatory  as  a  star  of  the  14.5 
magnitude  on  the  scale  of  the  meridian  photometer. 

We  observed  its  spectrum  for  the  last  time  on  March  24,  when 
It  had  fallen  to  nearly  the  11th  magnitude.  We  were  still  able  to 
glimpse  the  chief  features  of  its  spectrum,  The  four  bright  lines 
in  the  green  were  distinctly  seen,  and  appeared  to  retain  their 
relative  brightness;  F  the  brightest,  then  the  line  near  6,  followed 
by  the  lines  about  \  5015  and  4921. 

Traces  of  the  continuous  spectrum  were  still  to  be  seen.  Con- 
sidering the  much  greater  faintness  of  the  continuous  spectrum 
when  the  star  was  bright  on  February  2  than  the  brilliant  lines 
falling  upon  it,  we  are  not  prepared  to  say  that  the  falling  off  of 
the  continuous  spectrum  was  greater  than  might  well  be  due  to 
the  waning  of  the  starts  light. 

Professor  Pickering  infonns  me  that  in  his  plates  **  the  princi- 
pal bright  lines  faded  in  the  order  K,  H,  <^y,  F,  h,  and  G,  the  lat- 
ter line  becoming  much  the  brightest  when  the  star  was  faint.'* 
The  calcium  lines,  K  and  H,  showed  signs  of  variation  during  the 
whole  time  of  the  star's  visibility,  and  I  may  remark  that  the 
order  of  the  other  lines  agrees  with  the  relative  sensitiveness  of 
the  gelatine  plate  for  these  parts  of  the  spectrum.  Professor 
Pickering's  photographic  results  appear  to  us  to  agree  with  those 
we  arrived  at  by  eye,  in  not  showing  any  material  alteration  in 
the  nature  of  the  star's  light,  notwithstanding  a  very  large  fall  of 
intensitik\ 

General  Conclusions. 

Among  the  principal  conditions  which  must  be  met  by  any  the- 
cry  put  forward  to  ac*count  for  the  remarkable  phenomena  of  the 
new  star  stands  the  persistence  without  any  material  alteration 
— though  probably  with  small  changes — of  the  great  relative  ve- 
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locity  of  about  550  miles  a  second  in  the  line  of  sight  between  the 
hydrogen  which  emitted  the  bright  lines  and  the  cooler  hydrogen 
producing  the  dark  lines  of  absorption. 

If  we  assume  two  gaseous  bodies,  or  bodies  with  gaseous  at- 
mospheres, moving  away  from  each  other  after  a  near  approach, 
in  parabolic  or  hyperbolic  orbits,  with  our  Sun  nearly  in  the  axis 
of  the  orbits,  the  components  of  the  motions  of  the  two  bodies  in 
the  line  of  sight,  after  they  had  swung  round,  might  well  be  as 
rapid  as  those  observed  in  the  new  star,  and  might  continue  for 
as  long  a  time  without  any  great  change  of  relative  velocity. 
Unfortunately  information  as  to  the  motions  of  the  bodies  at  the 
critical  time  is  wanting,  for  the  event  through  which  the  star  be- 
came suddenly  bright  had  been  over  for  some  forty  days  before 
any  observations  were  made  with  the  spectroscope. 

Analogy  from  the  variable  stars  of  long  period  would  suggest 
the  view  that  the  near  approach  of  the  two  bodies  may  have 
been  of  the  nature  of  a  periodical  disturbance,  arising  at  long  in- 
tervals in  a  complex  system  of  bodies.  Chandler  has  recently 
shown  in  the  case  of  Algol  that  the  minor  irregularities  in  the 
variation  of  its  light  are  probably  caused  by  the  presence  of  one 
or  more  bodies  in  the  sj'stem,  besides  the  bright  star  and  the 
dusky  one  which  partially  eclipses  it.  To  a  similar  cause  are 
probably  due  the  minor  irregularities  which  form  so  prominent  a 
feature  in  the  waxing  and  waning  of  the  variable  stars  as  a  class. 
We  know  that  the  stellar  orbits  are  usually  ver3'  eccentric.  In 
the  case  of  y  Virginis  the  eccentricit}'  is  as  great  as  0.9,  and  Au- 
wers  has  recenth'  found  the  very  considerable  eccentricity  of  0.63 
for  Sirius. 

The  great  relative  velocity  of  the  component  stars  of  the  Nova, 
however,  seems  to  suggest  rather  the  casual  near  approach  of 
bodies  possessing  previously  considerable  motion ;  unless  we  are 
willing  to  concede  to  them  a  mass  very  great  as  compared  with 
that  of  the  Sun.  Such  a  near  approach  of  two  bodies  of  great 
size  is  very  greatly  less  improbable  than  would  be  their  actual 
collision.  The  phenomena  of  the  new  star  scarcely  permit  us  to 
suppose  even  a  partial  collision ;  though  if  the  bodies  were  very 
diffuse,  or  the  approach  close  enough,  there  may  have  been  pos- 
sibly some  mutual  interpenetration  and  mingling  of  the  rarer 
gases  near  their  boundaries. 

A  more  reasonable  explanation  of  the  phenomena,  however, 
may  be  found  in  a  view  put  forward  many  years  ago  by  Klinker- 
fties,  and  recently  developed  by  Wilsing,  that  under  such  circum- 
stances of  near  approach  enormous  disturbances  of  a  tidal  nature 


would  be  set  up.  amounting  it  may  well  be  to  partial  deforma- 
tion in  the  case  of  gaseous  bodies,  and  producing  sufficiently 
great  changes  of  pressure  in  the  interior  of  the  bodies  to  give  rise 
to  enormous  eruptions  of  the  hotter  matter  from  within,  im- 
mensely greater,  but  similar  in  kind,  to  solar  eruptions. 

In  such  a  state  of  things  we  should  have  conditions  so  favor- 
able for  the  production  of  reversals  undergoing  continual  change, 
similar  to  those  exhibited  by  the  bright  mid  dark  lines  of  the  No- 
va»  that  we  could  not  suppose  them  to  be  absent ;  while  the  inte- 
gration of  the  light  from  all  parts  of  the  disturbed  surfaces  of  the 
bodies  would  give  breadth  to  the  lines,  and  might  account  for 
the  varying  inequalities  of  brightness  at  the  two  sides  of  the 
lines. 

The  sources  of  the  light  of  the  continuous  spectrum  upon  which 
were  seen  the  dark  lines  of  absorption  shifted  towards  the  blue, 
must  have  remained  behind  the  cooler  absorbing  gas;  indeed 
must  have  formed  with  it  the  body  which  was  approaching  us, 
unless  we  assume  that  both  bodies  were  moving  exactiv  in  the 
line  of  sight,  or  that  the  absorbing  gases  were  of  enormous  ex- 
tent. 

The  circumstance  that  the  receding  body  emitted  bright  lines, 
while  the  one  approaching  us  gave  a  continuous  spectrum  with 
broad  absoq)ti<>n  lines  similar  to  a  white  star,  may,  perhaps,  be 
accounted  tor  by  the  two  bodies  being  in  diflerent  evolutionan,' 
stages,  and  consecjuently  differing  in  diffuseness  and  in  tempera- 
ture. Indeed  in  the  variable  star  /i  L^'rse,  we  have  probably  such 
a  binary  system,  of  which  one  component  gives  bright  lines,  and 
the  other  dark  lines  of  absorption.  We  must,  however,  assume  a 
similar  chemical  nature  for  both  bodies,  and  that  they  existed  un- 
der conditions  sufficiently  similar  for  equivalent  dark  and  bright 
lines  to  appear  in  their  respective  s^^ctra. 

We  have  no  knowledge  of  the  distance  of  the  Nova,  but  the  as- 
sumption is  not  an  improbable  one  that  its  distance  was  of  the 
same  order  of  greatness  as  that  of  the  Nova  of  1876»for  which  Sir 
Robert  Ball  failed  to  detect  any  parallax.  In  this  case,  the  light- 
emission  suddenly  set  up,  certainly  within  two  days  and  possibly 
within  a  few  hours,  was  probably  much  greater  than  that  of  our 
Sun ;  yet  within  some  fifty  days  after  it  had  been  discovered,  at  the 
end  of  January,  its  light  fell  to  about  ^fi^  part,  and  in  some  three 
months  to  nearly  the  ruhn  part*  As  long  as  its  spectrum  could  be 
observed  the  chief  lines  remained  without  material  alteration  of 
relative  brightness.  Under  what  conditions  could  we  suppose  the 
Sun  to  cool  down  sufficiently  for  its  light  to  decrease  to  a  similar 
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extent  in  so  short  a  time,  and  without  the  incoming  of  material 
changes  in  its  spectrum.  It  is  scarcely  conceivable  that  we  can 
have  to  do  with  the  conversion  of  gravitational  energy  into  light 
and  heat.  On  the  theory  we  have  ventured  to  suggest,  the  rapid 
calming  down,  after  some  swaying  to  and  fro  of  the  tidal  disturb- 
ances and  the  closing  in  again  of  the  outer  and  cooler  gases,  to- 
gether with  the  want  of  transparency  which  might  come  in 
under  such  circumstances,  as  the  bodies  separated,  might  account 
reasonably  for  the  very  rapid  and  at  first  curiously  fluctuating 
waning  of  the  Nova;  and  also  for  the  observed  absence  of  change 
in  its  spectrum. 

I  may,  perhaps,  be  permitted  to  remark  that  the  view  suggested 
by  Dr.  William  Allen  Miller  and  myself,  in  the  case  of  the  Nova  of 
1866,*  was  essentially  similar,  in  so  far  as  we  ascribed  it  to 
erupted  gases  .The  great  suddenness  of  the  outburst  of  that  star, 
within  a  few  hours  probably,  and  the  rapid  waning  from  the  3.6 
magnitude  to  the  8.1  magnitude  in  nine  days,  induced  us  to  throw 
out  the  additional  suggestion  that  possibly  chemical  actions  be- 
tween the  erupted  gases  and  the  outer  atmosphere  of  the  star 
may  have  contributed  to  its  sudden  and  transient  splendor;  a 
view  which,  though  not  impossible,  I  should  not  now,  with  our 
present  knowledge  of  the  light-changes  of  stars,  be  disposed  to 
suggest. 


PRINOSHEIMt  ON  KIRCHHOFF'S  LAW.t 
HENRY  CREW. 

It  will  be  remembered  that  in  the  demonstration  which  Kirch- 
hoff  gave  (Pogg.  Ann.,  Bd.  109,  pp.  275-301,  1860)  for  his  law 
connecting  the  absorption  and  emission  of  radiant  energy,  he 
made  the  whole  of  his  mathematical  deduction  rest  upon  the  ex- 
perimental basis  that  a  body,  placed  within  an  enclosure  whose 
walls  are  held  at  a  constant  temperature,  will  assume  and  main- 
tain the  temperature  of  the  walls,  whatever  be  their  nature  or 
the  disposition  of  their  parts.  But,  as  Kirchhoff  then  pointed 
out,  this  demonstration  does  not  hold  when  the  radiation  ab- 
sorbed by  apy  body  is  transformed  into  any  kind  of  energy  other 
than  heat;  nor  is  it  valid  for  radiation  produced  by  any  means 
other  than  simple  heating. 

•  Roy.  Soc.  Proc.,  vol.  15,  p.  14-6. 
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If,  for  instance,  the  incident  radiation  were  changed  into  any 
other  form  of  energy  than  heat»  it  would  not  be  registered  on  the 
thermometer.  Likewise,  if  the  radiation  emitted  by  the  body 
were  at  the  expense^  say  of  chemical  energy,  a  decrease  of  tempe- 
rature corresponding  to  the  energy  radiated  would  not  be  regis- 
tered on  the  thermometer. 

A  glance  at  the  text  books,  e.  g,  Wtillner's  Experimental  Physik, 
snffices  to  show  that  Kirchhofl^s  law  has  generally  been  illus- 
trated by  the  solar  spectrum  and  the  spectra  of  the  fixed  stars,  as 
well  as  by  luminous  flames.  All  assumptions,  however,  regard- 
ing the  constitution  of  the  stars  are  based  upon  evidence  ob- 
tained from  flames  in  the  laboratory.  In  view  of  these  facts,  the 
paper  w-hich  Mr.  Pringsheim  prints  in  the  current  numl>er  of 
Wiedemann  s  Aimakn  h^Qom^^  oxi^  oi  more  than  ordinary  inter- 
est, not  that  it  will  in  any  degree  affect  present  views  regarding 
the  physical  constitution  of  the  stars,  but  rather  because  it 
throws  new  light  on  the  manner  in  which  stellar  constituents  are 
made  known  to  us.  It  must  not  l>e  forgotten  that  the  solitary 
basis  of  interpretation  of  stellar  spectra  is  laboratory  work. 
Stars  can  be  observed,  but  experiments*  cannot  be  tried  upon 
tbem. 

After  pointing  out  that  our  knowledge  of  highly  heated  gases 
is  ver}'  meager,  and  that  there  is  no  evidence  for  thinking  that 
gases  become  luminons  when  merely  heated,  Mr,  Pringsheim  pro- 
poses for  solution  these  two  questions. 

(1.)  Do  gases  possess  the  property  of  becoming  luminous  by  a 
simple  increase  of  temperature? 

(2).  Is  there  any  gaseous  source  of  liglit  known  which  lulfills 
the  conditions  of  Kirchhoft^s  Law  ? 

The  first  of  these  problems  was  attacked  by  heating  sodium 
vapor  in  a  long  porcelain  tube  which  w*as  placed  in  a  specially 
designed  gas  furnace  capable  of  producing  temperatures  consider- 
ably above  one  thousand  degrees.  At  first  the  substances  to  be 
examined  were  introduced  into  the  tube  while  c  Id.  On  the  ends 
of  this  porcelain  tube  were  then  cemented  plane  parallel  glasses 
and  portions  of  the  tube  near  the  end  were  cooled  by  running 
water:  so  that  the  cemented  ends  served  to  make  the  tube  air- 
tight. A  small  side  tnbe»  containing  a  four- way  stop-cock, 
branched  oft*  from  the  porcelain  tube.  By  this  means,  the  tuljc 
could  be  emptied  of  air  and  filled  with  a  neutral  gas,  such  as  nitro- 
gen or  carbon  dioxide.  This,  of  course,  was  for  the  prevention  of 
chemical  action  during  the  heating.  For  observing  the  absorp- 
•  Sec  Maxweir»  SdeatiHc  Papers,  Vol.  II.,  p.  505^ 
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tion  spectra  an  argand  burner  was  placed  before  the  far  end  of  the 
porcelain  tube.  The  continuous  spectruiyi  of  this  flame  could  be 
viewed,  through  the  heated  vapor,  by  means  of  a  spectroscope 
placed  at  the  near  end  of  the  tube.  Careful  precautions  were 
taken  to  shut  oflF  all  direct  radiation  from  the  walls  of  the  porce- 
lain tube  to  the  slit  of  the  collimator. 

On  thus  heating  sodium  carbonate  and  sodium  chloride  it  was 
found  that  the  highest  available  temperature  of  the  furnace  failed 
to  give  the  slightest  trace  of  the  D  lines  in  either  the  emission  or 
absorption  spectrum. 

Metallic  sodium,  on  the  contrary,  showed  the  D  lines  in  both 
spectra.  Mr.  Pringsheim  thinks,  however,  that  it  is  quite  impos- 
sible to  prepare,  at  present,  any  of  the  neutral  gases  so  free  from 
oxygen  that  the  spectroscope  will  not  detect  some  chemical  reac- 
tion with  metallic  sodium.  The  results  just  given  are  equally 
true  whether  the  substances  are  heated  in  nitrogen,  carbon 
dioxide  or  air. 

The  next  step  was  to  heat  these  salts  in  one  of  the  so-called 
**cold  flames."  A  mixture  of  carbon  bisulphide  and  air  was 
chosen.  This  flame  can  be  ignited  by  a  glass  rod  heated  to  149° 
C,  The  temperature  of  the  flame  was  varied,  (by  changing  the 
proportions  of  the  mixture,)  until  the  characteristic  spectrum  of 
sodium  was  just  visible  in  a  direct-vision  spectroscope  of  small 
dispersion.  The  temperatures  of  the  porcelain  tube  and  of  this 
flame  were  measured  by  a  Platinum — Palladium  couple. 

The  result  was  that  sodium  salts  gave  the  two  yellow  lines  in 
the  flame  at  temperatures  at  which  not  the  faintest  trace  of  lum- 
inosity could  be  detected  when  the  same  salts  were  heated  in 
neutral  gases. 

The  natural  conclusion  is  that  the  luminosity  of  sodium  chlor- 
ide in  flames  is  due  to  some  form  of  energy  other  than  that  of 
heat,  probably  chemical.  The  following  variations  were  intro- 
duced to  find  if  possible  what  this  chemical  action  might  be.  The 
fact  that  sodium  salts,  when  heated  in  a  closed  porcelain  tube 
filled  with  air,  do  not  become  luminous  would  seem  to  indicate 
that  the  chemical  process  is,  at  least,  not  one  of  oxidation.  Re- 
ducing agents  were,  therefore,  tried.  The  four-way  stop-cock 
mentioned  above  was  connected  by  one  outlet  to  a  supply  of  hy- 
drogen, b^'  another  to  a  supply  of  coal  gas.  It  was  then  found 
that  a  large  number  of  sodium  salts — all,  indeed,  that  were 
tried — when  heated  in  an  atmosphere  of  either  of  these  gases 
gave  the  usual  emission  and  absorption  s|>ectra. 
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On  pumping  out  the  hydrogen,  or  illuminating  gas,  these  spec- 
tra diminished  greatly  in  intensity.  The  introduction  of  air,  in 
place  of  h3^drogen,  sufficed  to  entirely  quench  all  luminous  radia- 
tion. 

A  bit  of  charcoal  introduced  along  with  the  neutral  gases 
would  bring  out  the  sodium  lines.  A  small  piece  of  iron  had  the 
sameeflect. 

In  ever\^  case,  it  will  be  observed,  the  presence  of  a  reducing 
agent  appears  to  produce  luminous  radiation.  The  fact  that 
charcoal  in  the  presence  of  air  does  not  have  this  effect  is  e\'i- 
dently  because  the  carbon  is  all  used  up  on  the  oxygen  in  the  air. 
In  the  ordinary  Bunsen  flame,  therefore^  it  would  apjjear  that  the 
molecules  of  the  salt  are  not  broken  up  by  oxidation,  nor  yet  by- 
dissociation  due  to  heat,  but  rather  in  consequence  of  reduction 
b}'  illuminating  gas  and  carbon  monoxide. 

If  this  view  be  correct, — and  it  is  not  an  entirely  new*  one, — 
one  would  expect  that  the  introduction  of  NaXO,  into  the  heated 
tube  filled  with  hydrogen  would  bring  the  sodium  lines  suddenly 
into  view.  The  withdrawal  of  the  sodium  salt  ought  then  to 
make  these  lines  as  suddenly  disappear. 

This  test  was  accordingly  made  with  several  gases.  For  plac* 
ing  the  substance  in  the  heated  part  of  the  tube  quickly,  an  iron 
spoon  was  used.  The  salt  was  placed  in  this  spoon  before  the 
tube  was  sealed  u]). 

An  eIectro*magnet  was  used  to  draw  the  loaded  spoon  alter- 
nateh'  into  and  out  of  the  heated'portion. 

The  results  are  indicated  in  the  accompanying  figure: 


^ 


Hydrogen, 


Since  the  porcelain  tube,  except  when  used  for  the  first  time,  is 
always  covered  with  a  glaze  of  sodium  silicate  the  mere  intro* 
duction  of  hydrogen  sets  up  a  process  of  reduction  which  gives 
the  D  lines  as  pictured  in  fig,  a. 

The  same  thing  happens  when  the  iron  spoon  remains  in  the 
cold  part  of  the  tube.  If  now  the  salt  be  drawn  into  the  hot 
portion  of  the  tube*  the  spectrum  suddenly  assumes  the  appear- 

•  Voc;£L :  Spectralan&fyse  irdtscher  Stoife,  p,  104. 
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ance  of  £g,  b.    On  withdrawing  the  salt  the  spectrum  immedU 
ately  retnms  to  £g,  a. 

Carbon  dioxide. 

In  this  gas,  the  D  lines  cannot  be  seen  at  all  until  the  sodium 
carbonate  is  pushed  into  the  hot  part;  they  then  show  them- 
selves as  in  £g.  c:  but,  on  withdrawing  the  salt,  they  do  not 
disappear  completely,  but  become  sharp  as  in  fig.  e. 

Air. 

In  air,  there  is  no  spectrum  seen  until  the  salt  is  drawn  into  the 
region  of  high  temperature,  when  fig.  d  represents  the  appear- 
ance.  As  soon  as  the  carbonate  is  drawn  out  the  spectrum 
disappears  completely. 

The  trend  of  these  experiments  is  evident.  They  were  in- 
tended to  furnish  an  answer  to  this  question :  Does  the  vapor  of 
a  salt,  having  been  broken  up  into  its  chemical  constituent  atoms 
by  means  of  a  reducing  agent,  become  luminous  by  the  heat 
alone  or  is  the  luminosity  due  to  the  chemical  reaction  ?  If  it  be 
due  to  heat  alone,  the  spectrum  of  the  vapor  in  the  heated  tube 
should  disappear  more  or  less  gradually  when  the  remaining 
solid  salt  is  withdrawn.  Such,  however,  is  the  case  only  with 
carbon  dioxide  in  which  the  spectrum  drops  gradually  from  c  to 
e.  And  this,  the  author  thinks  is  only  an  apparent  anomalj'. 
But  the  chemical  explanation  which  he  offers  does  not  appear 
perfect^  satisfactory. 

The  outcome  of  the  whole  matter  is  that  Mr.  Pringsheim*s  ex- 
periments have  made  it  highly'  probable  that  gases  become  lumin- 
ous only  at  the  moment  of  some  chemical  change.  Indeed,  as 
Siemens  pointed  out  more  than  ten  years  ago,  we  have  as  yet  no 
evidence  that  any  gas  will  radiate  light  in  consequence  of  high 
heating. 

As  to  the  case  of  the  electric  spark  and  the  Geissler  tube,  these 
are  confessedly  complicated  by  electrical  phenomena  which  are, 
at  present,  inseparably  connected  with  the  heating  effect.  The 
recent  and  numerous  experimental  verifications  of  the  electro- 
magnetic theory  of  light  and  the  exceedingly  low  temperature  of 
the  Geissler  tube  both  lead  one  to  think  that  the  luminosity  of 
the  spark  may  owe  more  to  electrical  than  to  purely  thermal 
processes. 

The  author  closes  with  the  interesting  remark  that  his  experi- 
ments show  in  a  qualitative  way,  at  least,  just  the  phenomena 


which  one  might  predict  from  KtrchhofTs  Law,  jet  without 
satis fving  the  conditions  ot  that  law.  The  classical  mechanical 
explanation^  resonance,  is  the  one  offered-  Following  is  Mr. 
Pringsheim*s  own  summary : 

(1.)  There  are  no  luminons  gases  known  which  satisfy  the  con- 
ditions ofKirchhotTs  La  w, 

{2,)  It  is  possible  to  produce  iuminous  gases  whose  tempera- 
tures fall  below  150''  C. 

(3.)  Sodium  salts,  in  flames,  become  luminous  only  in  conse- 
quence of  chemical  processes, 

{4.)  Metallic  sodium,  heated  in  neutral  gases  ^  is  luminous  only 
in  consequence  of  chemical  processes, 

(5.)  The  assumption  that  gases  can  become  luminous  by  mere 
increase  of  temperature  is  an  hypothesis,  demanded  neither  by 
experiment  nor  by  theory. 

This  piece  of  work  strikes  one  as  having  been  very  carefully  and 
skillfully  performed.  But  the  author  will  probably  find  some  of 
his  deductions  questioned*  For  instance,  it  will  be  remembered 
that  Mr.  Pringsheim  measures  his  temperatures  with  a  thermopile 
whose  dimensions,  compared  with  the  size  of  the  flame,  are  small 
b :  sure ;  but,  when  compared  with  molecular  sizes  and  distances, 
they  are  practically  infinite.  So  that  he  uses  what  one  might 
style  an  **  integrating  thermometer/'  May  not  the  temperature, 
developed  in  the  immediate  vicinitv  of  those  molecules  in  which 
chemical  action  (reduction)  is  going  on, be  very  much  higher  than 
that  registered  on  the  thermopile?  Is  it  not  possible  that  local 
temperatures  thus  produced  in  cold  flames  ma^-  give  rise  to  intra- 
molecular* motions  which  are  sufficient  to  produce  radiation? 
Wiillner  has  shown  that  this  is  what  actually  happens  in  Geissler 
tubes  when  the  pressure  exceeds  a  certain  fraction  of  one  atmos- 
phere. A  rotating  mirror  shows  that  only  slender  filaments  of  the 
gas  are  heated  at  each  passage  of  the  spark.  So  that,  in  two 
tubes  where  the  amount  of  heat  generated  per  second  is  the  same 
in  each,  the  local  temperature  produced  by  the  sharp  linear  dis- 
charge appears  to  be  much  higher  than  those  produced  in  the  low 
pressure  tubes  where  the  discharge  is  diffuse,  Ma^^  it  not  be  the 
same  with  chemical  reactions  in  the  flame  ? 

This  is  by  no  means  the  first  time  that  doubt  has  been  cast  upon 
Kirchhoff 's  Law.    Sec  Schuster's  article  on  Spectroscopy  in  the 

*  I  take  it  for  granted  thnt  liglit  is  due  rather  to  the  relative  motions  of  the 
parts  nt  the  ni«»lt"cuk,  thnn  the  nnut«in  i>l  the  molecule  as  a  whole.  On  any  other 
supposition,  one  would  find  the  inmost  difficulty  in  explaining  tbclarjfe  number 
of  spectral  lines  produced  by  single  substances. 
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Encyclopedia  Britannica  where  he  sets  forth  some  experimental 
evidence  for  thinking  that  this  law  does  not  tell  the  whole  story. 
See  also  E.  Wiedemann's  paper  on  the  Mechanics  of  Light  (Wied. 
Ann.,  Bd.  37,  p.  185),  where,  after  pointing  out  the  limitations  of 
the  law,  he  distinctly  avows  his  belief  that  it  holds  '*for  an  ideal 
case  only.'* 
Lick  Observatory,  18th  of  May,  1892. 


NOTES  ON  THE  SPECTRA  OF  SUN-SPOTS.* 


A.  L.  CORTIE. 

As  we  have  now  arrived  at  a  period  in  the  Sun-spot  cycle, 
when  large  spots  may  be  expected  to  be  frequently  seen  on  the 
Sun,  it  ma^'  be  well  to  call  the  attention  of  solar  observers  to 
some  lines  in  the  red  end  of  the  spectrum  which  the  experience  of 
the  Stonyhurst  observers  has  so  far  shown  to  be  much  widened 
in  the  spectrum  of  large  spots.  Many  of  these  lines  are  faint 
lines,  not  recorded  by  Angstrom  in  his  map,  and  accordingly  re- 
quire a  high  dispersion  for  their  detection.  The  wave-lengths  of 
lines  which  are  given  in  the  present  paper  are  taken  from  a  mag. 
nificent  set  of  prints  from  enlarged  positives  of  the  region  D  to 
A  6677,  which  have  recently  been  presented  to  the  writer  by  Mr. 
George  Higgs  of  Liverpool,  as  specimens  of  the  photographic 
studies  of  the  normal  solar  spectrum  on  which  he  is  at  present 
engaged.  These  prints  are  on  about  one-third  the  scale  of  Profes- 
sor Rowland's  well-known  maps,  and  are  founded  upon  his  wave- 
lengths. A  careful  comparison  of  the  two  maps  over  the  region 
indicated  has  shown  a  perfect  agreement  in  the  wave-length 
numbers,  so  that  possessors  of  Rowland's  maps  will  be  easily 
able  to  identify  the  lines  presently  to  be  mentioned.  Much  use, 
also,  has  been  made  of  Mr.  McClean's  excellent  comparative 
photographic  spectra  of  the  high  and  low  Sun  lately  presented 
by  him  to  the  Stonyhurst  Observatory.  In  the  observations  of 
Sun-spot  spectra  made  at  Stonyhurst,  the  full  battery  of  twelve 
prisms  of  60*^  in  a  Browning  automatic  spectroscope  is  generally 
employed. 

Ou-  plan  will  be  to  follow  the  spectrum  from  D  to  C,  and 
to  call  attention  to  some  salient  points  as  we  advance. 
For  these  notes  are  by  no  means  intended  to  be  exhaustive, 
but  rather  t\'pical  of  what  may  ])c  seen  by  a  diligent  observer, 

*  Communicated  bv  the  author. 


even  in  this  small  portion  of  the  solar  spectrum.  We  begin 
with  a  double  at  A  5978.0  and  A  5978.8.  the  former  of 
which  lines  both  Thollon's  and  McClean's  maps  show  to  be  an 
air  line,  while  the  latter  is  a  faint  titanium  line.  A  peculiarity 
noted  in  this  line  in  Sun-spot  spectra  is  that  it  is  one  of  those 
which  are  most  affected  in  the  penumbra  of  spots.  At  times  it  has 
been  traced  as  a  widened  line  to  a  considerable  distance  on  the 
disc.  At  A  6042,4p  6056,2, 6065.8  and  6078.8  are  four  well'TOarked 
iron  lines.  Each  of  these  lines  is  preceded  by  some  faint  lines  of) 
which  A  604U,0,  6053.95.  6063.1,  6077.1  are  the  most  conspicu- 
ous. All  these  lines  are  solar  lines,  as  both  the  maps  of  Thollon 
and  McC lean  give  them  of  the  same  intensity  in  both  high  and 
low  Sun.  Of  the  four  famt  companion  lines  to  the  iron  lines  Ang- 
strom only  draws  one,  a  line  in  his  map  corresponding  to 
A  6077.1.  Yet  this  line  is  the  faintest  of  the  four,  and  my  own 
experience  is  corroborated  by  the  photographs  of  Higgs  and 
McClean*  and,  except  perhaps  for  the  line  A  6040,0,  by  Rowland's 
chart.  ThL'se  faint  lines  are  remarkably  and  persistently  widened 
in  Sun-spots,  irrespective  of  size  or  period  in  the  cycle. 

Between  the  line  6079,2  and  the  triplet  at  6102.9,  of  which 
the  outer  components  are  due  to  iron  and  the  middle  line  to  cal- 
cium according  to  Thollon,  thus  furnishing  one  among  many 
examples  of  the  resolution  of  a  *' basic**  line,  occurs  a  group  of 
faint  solar  lines,  the  number  of  lines  in  which  has  been  variously 
estimated  by  different  observers.  Of  these  faint  lines  two  are  due 
to  iron,  and  two  to  titanium,  the  line  of  this  latter  metal  at 
6088.05  l>eing  frequently  very  much  widened.  At  A  6160.95  and 
6161,4  occurs  a  double  of  which  either  one  or  both  components 
are  due  to  sodium.  It  just  precedes  a  dark  calcium  line  at 
6162.3-  W  a  moderate  dispersion  be  employed  these  three  lines 
will  form  but  one  and  will  be  found  to  be  greatly  widened  in 
spots.  But  when  the  three  lines  are  separated  by  higher  disper* 
sion  the  widening  in  general  is  seen  to  be  principally  due  to  the 
sodium  lines,  which  present  at  times  fjuite  the  appearance  of  a 
fuzzy  band. 

The  next  point  of  interest  is  to  be  found  in  the  neighborhood  of 
the  fine  double  iron  line  at  A  6191,4  and  91.7,  which  is  followed  by 
another  strong  iron  line  at  6200.5.  In  the  intervening  space  the 
map  of  Thollon  gives  two  groups  each  of  three  faint  lines,  groups 
which  in  this  instance  are  rather  better  seen  in  Rowland's  than 
in  Higgs*  map.  The  first  of  these  groups  ends  with  a  line  at 
A  6196.4.  and  the  second  has  a  mean  position  at  about  A  6199.5. 
In   the  instrument   I  have  employed  each   of  these  gi< 
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appeared  as  a  single  faint  line,  and  of  these  the  line  representing 
the  group  at  mean  position  6199.5  has  been  very  much 
widened.  A  fairly  strong  line  at  A.  6204.9  is  also  conspicuous  in 
Sun-spots. 

The  group  of  lines  extending  between  A  6230  and  the  head 
of  the  a  band  contains  several  strong  iron  lines  and  a  tit€^n- 
ium  line.  These  iron  lines,  especially  those  on  each  side  of  the 
comparatively  bright  gap  in  the  spectrum,  whether  due  to  con- 
trast or  really  bright,  at  6250  are  much  widened  in  Sun-spots. 
It  is  to  be  noticed,  however,  that  the  strong  lines  at  6252.8, 
54.3,  and  56.4  are  preceded  by  faint  companions.  Although  I 
can  just  separate  these  companions  from  the  stronger  lines,  in 
spots  the  widening  is  as  of  single  lines,  and  it  is  not  a  tall  unlikely, 
from  analog3'  with  other  parts  of  the  spectrum,  that  the  greater 
share  of  the  widening  may  be  due  to  these  faint  lines.  A  greater 
dispersion  should  show  this.  The  question  often  arises  as  to 
whether  changes  have  occurred  in  the  solar  spectrum  since  it  has 
been  studied  and  mapped  with  care.  Comparison  with  Ang- 
strom's normal  maps  brings  to  light  several  discrepancies  with 
what  is  now  to  be  seen  in  this  portion  of  the  spectrum.  As  an 
example  we  will  select  a  fairly  strong  line  which  Angstrom 
draws,  and  which  Burton  in  the  British  Association  Catalogue 
for  1878  places  at  6262.68,  but  for  which  he  gives  no  intensity 
or  width.  On  Rowland's  scale  the  position  of  the  line  would  be 
about  6263.68,  but  at  this  position  there  is  no  trace  of  a  line 
either  on  his  or  Higgs'  maps.  I  have  looked  for  the  line  several 
times  and  have  failed  to  see  it.  The  only  possible  lines  which 
occur  between  6261.3  and  6265.3,  the  places  of  two  other  strong 
lines,  are  three  faint  lines,  partly  solar  and  partly  atmospheric, 
which  occur  on  Thollon's  maps,  Plate  VI,  No.  12,  at  scale  readings 
307.77,  308.43,  and  310.38.  These  faint  lines  do  not  seem  to  be 
in  Rowland's  map;  there  is  a  slight  suspicion  of  something  at 
6262.5  in  a  photograph  of  Higgs',  solar  altitude  48°,  and  a  line 
is  to  be  seen  somewhat  in  this  position  in  McClean's  low  Sun 
photograph.  Either  Angstrom  made  a  mistake,  or  it  may  be 
possible  that  his  strong  line  is  represented  by  these  approxi- 
mately near  faint  lines. 

But  of  all  the  Sun-spot  lines  in  this  region  the  most  remarkable 
for  widening  is  a  faint  line  given  by  Rowland  and  Higgs  at 
6243.2  preceded  by  a  very  faint  line  at  6243.0.  Angstrom  does 
not  give  either  line.  The  appearance  of  6244.0  in  Sun-spots 
led  me  to  suspect  the  presence  of  6243.2  in  the  solar  spectrum. 
For  at  times  6244.0  seemed  just  as  if  it  had  been  pricked  on  the 


more  refrangible  side  and  a  bead  of  black  matter  had  exuded. 
Either  then  6244'.0  was  ver\'  much  displaced,  or  the  bead  was, 
due  to  the  widening  of  a  fainter  line  which  I  had  so  far  failed  ta  ' 
trace  in  the  solar  spectrum.  The  latter  turned  out  to  be  the  cor- 
rect explanation.  This  lineis  on  Thollon*s  chart  at  Plate  VII,  No. 
13,  scale  reading  G3,44,  while  the  still  fainter  line  at  6243.0  is  at 
scale-reading  64,70.  The  lines  are  solar,  for  Thollon  drawls  them 
of  the  same  intensity  throughout  the  four  horizons  of  his  map, 
and  6243.2  is  also  of  the  same  intensity  in  McClean's  high  and 
low  Sun  photographs.  My  dispersion  does  not  show^  me  whether 
the  widening  is  wholly  attributable  to  6243.2  or  to  this  line  and 
6243, o  conjointly  On  flashing  a  Sun-spot  across  the  slit  of  a 
grating  spectrometer  of  14,438  lines  to  the  inch  and  using  the 
second  order,  it  was  possible  to  see  that  both  these  lines  were 
widened. 

The  ot  band  is  full  of  ver>'  interesting  details  in  Sun-spots,  al- 
though it  is  greatly  complicated  by  the  presence  of  atmospheric 
lines.  And  this  leads  to  a  remark  with  regard  to  the  possible  cause 
of  the  widened  appearance  of  telluric  lines  in  Sun-spots,  for  such 
lines  are  to  be  seen  among  the  lines  thus  affected  by  spots.  When 
a  tuzzy  set  of  telluric  lines  arc  seen  across  a  spot,  one  optical  effect 
is  that  of  widening,  although,  except  in  the  case  of  hands  of  lines, 
this  is  not  very  marked.  But  the  case  we  are  considering  is  that 
of  isolated  telluric  lines  which  are  seen  widened  even  when  the 
Sun  is  at  a  good  altitude  above  the  horizon.  This  is  probably 
due  to  the  presence  of  a  solar  line  so  close  to  the  air  line  that 
none  but  the  greatest  dispersion  will  separate  them.  Of  such  a 
composite  nature  is  probably  the  line  between  the  D  lines  at 
5891.9  often  seen  widened  in  Sun  spots.  The  nickel  line  too 
between  the  D  lines  has  a  telluric  companion  so  close  that  in  a 
photograph  of  Higgs  of  the  E  and  W  limbs  of  the  Sun,  they  form 
one  line  on  the  W  limb  picture,  and  are  well  separated  on  that  of 
the  E  limb-  In  fact  this  observer  has  suggested  the  obser\'ing  of 
telluric  lines  in  Sun-spots  as  a  further  means,  in  addition  to  that 
of  observing  the  lines  for  intensity  at  various  solar  altitudes,  for 
determining  the  presence  of  faiut  solar  lines  which  are  exceeding- 
ly close  to  air  lines.  But  to  return  to  the  ce  band.  The  two  lines 
at  6305.95  and  6306.8  would  well  repay  attention.  Higgs*  pho- 
tographs of  this  portion  of  the  spectrum  are  superb,  especially 
one  taken  with  a  low^  Sun.  With  regard  to  these  two  lines  a  com- 
parison of  the  observer's  high  and  low  Sun  pictures  show  that 
they  are  at  least  in  part  due  to  our  atmosphere.  They  are  much 
darker,  too,  in  McClean*s  low  than  in  his  high  Sun  photograph. 
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Turning  now  to  Thollon,  the  lines  are  at  scale-readings  139.96 
corresponding  to  A  6305.95,  and  137.05  corresponding  to 
X  6306.8,  on  Plate  VI,  No.  12.  But  while  6305.95  is  continued  to 
the  fourth  horizon,  showing  that  it  is  partly  solar  in  origin, 
6306.8  is  terminated  in  the  third  horizon,  indicating  a  purely  tel- 
luric line.  In  the  Bulletin  Astronomique,  Vol.  I,  p.  74,  will  be 
found  a  study  by  M.  Comu  of  the  rays  of  this  band,  in  which 
these  two  lines  are  attributed  to  oxygen  in  the  Earth's  atmos- 
phere. Mr.  Higgs  also  independently  was  led  by  his  studies  to 
attribute  them  to  the  same  source.  Curiously  enough  I  too,  be- 
fore I  had  consulted  any  of  these  maps  or  Cornu's  memoir,  found 
that  while  6305.95  was  very  greatly  widened  in  some  Sun-spots, 
6306.8  was  not  widened  at  all.  In  Comu*s  paper  his  method  is 
described  of  determining  the  solar  or  atmospheric  character  of  a 
line  by  oscillating  the  solar  image  across  the  slit.  His  result  is 
that  both  these  lines  are  air  lines,  and  due  to  oxygen,  thus  differ- 
ing from  Thollon,  who  draws  one  as  partly  due  to  the  Sun,  which 
one  was  independently  seen  widened  in  Sun-spots.  Is  it  possible, 
then,  that  there  is  a  line  in  the  Sun  so  close  to  the  position  of  an 
oxygen  line  in  our  air,  that  neither  Comu's  oscillation  method 
nor  the  great  dispersions  of  Thollon,  Rowland  and  Higgs  will 
separate  them  ?  With  regard  to  the  widening,  however,  it  is  just 
possible  that  a  very  faint  line  which  Thollon  gives  at  scale-read- 
ing 142.03,  and  which  is  \  6305.6  on  Higgs'  and  Rowland's 
maps,  may,  with  the  dispersion  I  employ,  have  some  part  in  the 
result. 

Telluric  lines  complicate  the  spectrum  from  this  to  C.  For  in- 
stance there  is  a  group  of  five  lines  extending  from  6361.05  to 
6363.05,  of  which,  as  Mr.  Higgs  informs  nie,  the  first,  fourth  and 
fifth  are  solar,  and  the  second  and  third  are  air  lines.  On  Row- 
land's maps  the  three  solar  lines  are  well  given,  while  McClean's 
map  brings  out  the  fact  very  well  that  the  group  is  much 
darker  in  thejlow  Sun.  Yet  Thollon,  in  Plate  VI,  No.  11,  readings 
254.47  to  246.92,  draws  them  all  of  the  same  intensitj'  through- 
out, so  that  according  to  this  observer  they  are  purely  solar  lines. 
In  the  large;Sun-spot  of  September,  1891,  I  found  the  three  solar 
lines  affected,  while  the  other  two  were  not.  Among  the  five  lines 
is  an  example  of  a  variable  line  at  5862.6,  a  zinc  line  which  ac- 
cording to  Mr.  Lockyer  had  dropped  out  of  the  solar  spectrum  in 
1873,  although  it  was  present  in  Kirchhoff 's  time.  Angstrom 
has  it  at  6361.16,  so  has  Burton,  Rowland,  Higgs,  Thollon ;  so 
too  probably  has  Fievez  at  6361.2,  and  Piazzi  Smyth.  It  was 
therefore  in  the  Sun  in  1861,  1868,  1878,  1882,  1884,  1888,  and 
we  may  say^ever  since.    In  1873  it  had  gone. 


The  region  from  this  on  to  C  is  one  that  is  very  rich  in  spectro- 
scopic  details.  There  are  several  chroniospheric  lines  of  Young's 
catalogue  to  be  found  here,  some  strong  iron  and  calcium  lines  at 
times  much  affected  in  spots,  and  also  some  faint  lines  which  will 
well  repay  study-  At  A  G415.2  and  64-17.1  are  two  lines  which  I 
have  observed  on  more  than  one  occasion  to  be  obliterated  when 
they  crossed  a  spot.  This  too  is  the  region  where  the  spot-bands 
were  seen,  similar  to  those  previously  discovered  by  Young  and 
Maunder.  The  evidence  so  far  collected  would  seem  to  indicate 
that  their  appearances  in  the  spot-spectra  are  to  be  looked  for  at 
that  period  of  the  spot  cycle  when  the  curve  has  attained  its  max- 
imum and  has  commenced  its  decline.  Although  my  own  observ- 
ations since  1889  have  l:)een  somewhat  desultory,  yet  in  such  ob- 
servations as  I  have  been  able  to  make  I  have  not  seen  these 
bands  since  the  well-marked  drops  in  the  Sun-spot  curve  in  1886. 

In  large  Sun-spots  the  C  line  is  always  an  object  of  interest,  and 
no  very  great  dispersion  is  needed  to  observe  its  changes.  The 
Stonyhurst  observations  would  seem  to  show  that  in  spots,  or  in 
their  neighborhood,  it  is  generally  when  not  reversed  less  dark,  or 
if  widened,  only  slightly  so.  Reversals  too  are  to  be  expected  both 
in  the  umbra  and  in  the  jx*numbra,  and  in  the  facul^  surrounding 
spots.  In  this  connection  wx  would  offer  in  concluding  these 
notes  a  remark  with  regard  to  the  interesting  observations  of 
Professor  Hale  and  Dr,  Crew  on  the  C  line  in  the  big  spot  of  Feb- 
ruary, 1892.  (Astronomy  and  Astro-Phvsics,  April,  1892.) 
Considering  the  difference  in  dispersion  employed  by  the  American 
observers  and  by  myself  I  am  induced  t<j  tliink  that  the  appear- 
ance which  I  observed  in  the  spot  of  September,  1891,  and  which 
was  reported  in  the  ^'  Obser%'ntorv'"  for  November,  1891,  as  a 
thin  hair-like  line  adhering  to  the  C  line,  turned  towards  the  red, 
and  forming  an  angle  of  about  30^  with  the  C  line,  was  a  very 
similar  appearance  to  that  observed  by  Dr.  Crew  and  Professor 
Hale  in  the  February,  1892,  spot.  With  regard  too  to  the  lines, 
possibly  three  on  Rowland's  map,  which  occur  between  C  and 
the  iron  line  at  X  6569.3,  and  across  some  of  which  the  appear- 
ance extended,  both  Higgs'  photographs  and  Thollon's  maps 
show  altogether  seven  lines.  Two  of  these  are  quite  close  up  to 
C,  and  one  of  them  is  well  shown  on  Rowland's  map.  Of  the 
other  five  one  is  slight]}^  in  advance  of  the  iron  line.  The  four  re* 
maining  lines  are  very  faint  lines  given  by  Thollon.  Plate  V,  No.  9, 
between  the  readings  181.98  and  190.98,  and  drawn  of  equal  in* 
tensity  in  all  four  horizons,  thus  indicating  their  purely  solar 
origin.    But  while  on  Higgs'  maps  three  of  these  four  lines  are 
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traceable  at  solar  altitude  45°,  the  same  three  are  well 
marked  and  the  fourth  is  visible  at  solar  altitude  13°.  Referring 
to  McClean  there  are  no  lines  between  C  and  the  iron  line  in  the 
btgh  Sun  photograph,  but  the  three  well  marked  lines  of  Higg's 
low  Sun  photograph  are  also  quite  black  and  conspicuous  in  Ale- 
Clean 's  low  Sun  map.  Photography  would  then  indicate  that 
these  lines  are  partialh',  if  not  wholh-,  air  lines. 
Stokyhurst  Observatory,  April  22, 1892. 


ON  THE  NEW  STAR  IN  THE  CONSTELLATION   AURIGA.* 


PsoPBstOR  RALPH  COPELAND.  AftTROXOMBK  Royal  POk  Scotland. 


Together  with  Observations  of  the  Same  by  Dr.  L.  Becker. 

(Read  15th  February,  1802.) 

The  discoverer  of  Nova  Aurigae  is  the  Rev.  Thomas  D.  Anderson 
of  Edinbai^h,  D.  So.  in  Classical  Philology.  Dr.  Anderson  is  **  al- 
most certain"  that  he  saw  the  star  at  2  a.  m.  on  January-  24  of 
this  year;  it  was  then  slightly  brighter  than  x  Aurigae.  Unfor- 
tunately he  mistook  it  for  26  Auriga,  which  it  precedes  by  about 
B"^  39*.  merely  remarking  to  himself  that  the  star  was  brighter 
than  he  had  previously  thought  it  to  be.  Twice  in  the  following 
week  he  made  the  same  observation  at  about  thesame  hour  of  the 
night.  At  last  on  the  morning  of  January-  31,  it  flashed  upon  him 
that,  after  all,  the  star  was  not  26  Auriga?,  and  that  26  Auriga? 
had  a  much  greater  right  ascension.  He  consulted  a  small  star 
map,  and  the  discovery  was  mack.  Regretting  that  he  had  not 
earlier  compared  theniap  with  the  heavens,  and  thinking  that  the 
litar  might  be  well  known  to  astronomers,  Dr.  Anderson  wrote 
an  anonymous  post  card  to  me  on  the  same  morning  bearing  the 
words:  "Nova  in  Auriga.  In  Milky  Way,  about  two  degrees 
south  of  X  Aurigje,  i>receding  26  Auriga*.  I'ifth  magnitude, 
«lightly  brighter  than  X-^'  I  may  add  that  l>r.  Anderson's  plant 
consists  of  a  small  hand  spyglass  adajiled  to  astronomical  pur- 
poses by  removing  the  front  i)air  of  lenses  from  the  eyepiece.  In 
this  state  it  magnifies  about  ten  times,  and,  of  course,  gives  in- 
verted images.  Dr.  Anderson  hoi)es  that  amateurs,  although 
pro\ided  with  only  the  most  modest  appliances,  may,  by  his  un- 
expected success,  Ix;  induced  to  i)ersevcre  in  their  observations. 

1  have  examined  a  large  number  of  star  maps  and  catalogues, 

•  CotiJinunicateH  by  the  author,  bv  iKTinission  iA  the  Kov.'M  S(xict>*  of  Edin- 


ancient  and  modem,  without  finding  any  previous  record  of  the 
new  star.  Several  stars  are  mentioned  b3^  Sufi  as  being  visible  in 
the  tenth  century'  which  we  cannot  now  identify,  but  they  seem 
certainly  to  have  no  connection  w4th  the  Nova.  The  two  fstars 
named  **  the  Shaker/'  and  **  the  excellent  Milch  Camel ''  may,  how- 
ever, possibly  be  identified  by  a  study  of  certain  Arabian  authors 
referred  to  by  Sufi, 

As  to  our  observations  of  the  Nova  at  the  Royal  Observaton,% 
its  place  has  been  found  by  differential  methods  by  Mr,  Heath* 
First  Assistant  Astronomer,  using  the  transit  instrument,  and  by 
Mr.  J.    A.  Ramsey,  student  of  astronora3%   observ^ing  with  the  | 
Mural  Circle.    The  mean  coordinates  for  1892.0  derived  by  them  ' 
are : — 

R.  A.  :=  5^  25"^  3',2o  ±  0',02  (9  oba.). 

Dec!.  =  +  30°  21'  48".76  ±  0".09.    (7  ob».). 

Already  on  the  night  of  Februar\'  1,  a  small  sj)ectroscope  re- 
vealed the  presence  of  bright  lines,  of  wliicli  some  account  w^as 
at  once  telegraphed  to  the  Central  Station  for  Astronomical  Tele- 
grams at  Kiel,  and  also  to  the  Presidentof  the  British  Associa* 
tion,  Dr.  W.  Muggins.  Already  in  the  daytime,  before  the  star 
was  visible,  a  message  had  been  forw^arded  to  Greenwich  Obsers-- 
atory. 

The  remarkable  nature  of  the  starts  spectrum  once  established, 
Dr.  Becker  immediately  set  about  packing  the  most  suitable  ap- 
paratus to  take  to  Dunecht,  where  the  15-inch  refractor  is  f(»rtu- 
nately  still  in  perfect  adjustment.  Meanwhile  I  arranged  to  keep 
a  record  of  the  stars  magnitude,  and  try  what  could  be  done 
with  the  apparatus  at  Calton  Hill.  Owing  to  the  great  loss  of 
light  in  the  universal  spectroscope  of  the  24-inch  reflector,  it  soon 
became  evident  that  only  a  few  of  the  very  brightest  lines  of  the 
spectrum  could  be  measured  therewith,  while  it  was  impossible  | 
when  using  it  to  obtain  a  good  general  idea  of  the  spectrum  and 
its  possible  changes.  Eventually  I  returned  to  a  small  instru- 
ment of  VogeKs  pattern,  which  had  proved  useful  on  former  occa- 
sions.* With  it  w^ere  obtained  on  February  9,  a  set  of  measures 
which  eventually  yielded  the  following  rough  approximations  to 
the  positions  of  the  principal  bright  lines  in  the  spectrum  of  the 
Nova: — 


•  Sec  Coptrnkas,  toI.  ii.  p.  105,for  a  description  of  this  instrument. 
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Wave- 

Relative 

length. 

Brightness. 

mmni. 

657.1 

10 

645 

.  .* . 

594.2 

2 

562.1 

3 

534.5 

6 

519.3 

10 

503.2 

5 

495.25 

3 

487.1 

4 

450.8 

1 
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Remarks. 

C. 

Edge  of  black  band  extending  from  C. 

Possibly  an  inaccurate  place  of  D. 

Possibly  carbon  band  or  magnesinm. 

Bright  band  near  nebular  line  but  not  identical  therewith. 

Near  nebular  line,  but  also  distinct  therefrom. 

F. 

Extremely  faint ;  place  very  uncertain. 

Respecting  the  brightness  or  "magnitude"  of  the  star  there 
is  a  telegram  from  Professor  Pickering  of  Harvard  College, 
Cambridge,  Mass.,  dated  February  5: —  "Nova bright  on  photo- 
graph December  tenth,  faint  December  first,  maximum  December 
twenty,  spectrum  unique."  This  is  understood  to  mean  that  the 
star  could  be  detected  on  a  photograph  taken  on  December  1, 
that  it  was  brighter  on  December  10,  and  brighter  still  on  De- 
cember 20.  At  least  this  is  the  very  probable  reading  oflFered  by 
Professor  Krueger  of  Kiel.  So  far  as  is  known,  there  is  no  certain 
record  of  the  star's  having  been  seen  or  photographed  previous 
to  December  1,  1891.  A  faint  star  seen  by  Krueger  near  to  the 
spot,  1858,  March  23,  in  one  of  the  revisional  zones  of  Argeland- 
er's  Atlas,  has  been  identified  in  the  heavens  near  to  the  Nova. 
Then  we  have  Dr.  Anderson's  observations,  Jan.  23  to  January 
30— Nova  slightly  brighter  than  x  Aurigae,  4.8  magnitude. 

From  February  1  to  11, 1  have  a  complete  set  of  estimations. 
These  indicate  a  maximum  about  the  7th  or  8th.  [Compare  the 
curve  in  fig.  3  and  the  table  on  page  2,  which  have  been  extended 
so  as  to  include  the  subsequent  observations.]  Not  one  of  the 
four  Novae  of  modern  times  has  exhibited  a  curve  of  this  charac- 
ter, at  least  as  far  as  one  can  judge  from  the  present  available 
data  for  Nova  Aurigae. 

From  Dr.  Becker  I  have  received  the  most  satisfactory  results, 
'derived  from  observations  made  on  February  3,  4,  and  5,  and 
again  on  the  10th  and  11th.  [These  results  were  exhibited  to  the 
Society  in  a  graphic  form,  but  it  is  here  preferable  to  give  Dr. 
Becker's  written  account  of  the  observations  as  received  from 
him  on  February  16.] 

Observations  of  the  Bright  Lines  in  the  Spectrum  of  Nova  Au- 
rigae^ made  at  Dunecht  by  Dr.  L.  Becker. 

The  day  after  the  discovery  of  the  new  star  was  announced,  I 
left  for  Dunecht  Observatory  in  order  to  observe  its  spectrum 
with  the  15-inch  refractor.    The  large  spectroscope  by  Cooke, 


with  a  collimator  24  inches  in  length,  haWng  already  been  re- 
moved to  Edinburgh,  I  employed  in  my  observations  the  smaller  i 
spectroscoiJte  b^^  Cjrubb,  the  same  with  which  Professor  Copeland 
had  made  the  greater  part  of  his  former  observations.    The  colli- 
mator of  this  instrument  has  7  inches  focal  length,  and  ao  effee*! 
live  pencil  of  light  O.G  inch  in  diameter;  the  viewer  is  10  inches 
in  length,  and  turns  by  a  worm-screw  with  a  divided  head  work- 
ing  against  a  sector  which  can   be  clamped   to  the  prism-box. 
The  prism  is  kept  in  a  fixed  position.    In  these  observations  a 
compound  prism  was  used  at  the  minimum  deviation  for  6.    On 
the  first  night,   February  3,  a  power  of  14  diameters  was  used 
but  on  the  following  nights  one  of  7.    For  comparison  I  em- 
ployed the  sodium  and  lithium  lines,  and  the  lines  of  the  zinc- 
lead  spark  spectrum,  as  produced  by  a  five  inch  induction  coil  in 
connection  with  a  Ley  den-jar.    The  light  from  the  spark  passes 
through  a  lens,  and  is  reflected  to  the  upper  and  lower  part  of 
the  slit  by  a  small  silver  mirror,  which  is  fixed  in  front  of  the  slit 
and  has  an  opening  for  allowing  the  light  from  the  object-glass 
to  pass.    The  same  battery  which  works  the  coil  serves  to  illum- 
inate the  field  of  view  by  reflection  from  the  last  surface  of  the 
prism,  and  also  to  produce  bright  wire  illumination.    By  means 
of  a  small  rheostat,  which  is  clamped  to  the  sector,  the  light  may 
be  moderated,  while  a  switch  enables  the  observer  to  put  either 
the  incandescent  lamps  or  the  coil   into  circuit.     This    arrange- 
ment, which  I  introduced  in  the  last  weeks  of  my  stay  at  Dunecht 
in  1889,  is  very  convenient  if  the  observer  has  to  obser\'e  without 
assistance.    In  reducing  the  observations  to  wavedengths  (Pots- 
dam system)  I  first  determined,  once  for  all,  4  constants  of  Ket- 
teler*s  formula  of  dispersion  from  measures   of  four  solar  lines 
ec^uidistant  between  A  and  H,  and  computed  a  table  giving  the 
wave-length  as  a  function  of  the  readings  of  the  screw.    The  de- 
viations of  this  curve  from  the  one  given  by  the  obser\'ations  of 
solar  lines  are  so  small  that  they  may  be  determined  with  great 
accuracy  by  the  graphical  metho<l.    The  lines  of  the  spark  spec- 
trum were  measured  along  with  the  solar  lines,  the  latter  l>eing 
at  the  center  part  of  the  slit,  the  former  below  and  above.    Al- 
though the  values  of  their  wave-lengths  thus  determined  are 
erroneous  by  the  amount  of  curvature  of  the  lines»  they  have  to 
be  employed  in  the  reductions  of  the  star  observations  in  order 
to  reduce  the  lines  of  the  stellar  spectrum  to  w^ave-lengths. 

In  the  night  observations  I  measured  at  the  beginning  and  end 
of  each  set  the  prominent  spark-lines  in  the  part  of  the  spectrum 
under  observation,  always  turning  the  screw  in  such  a  manner 
that  the  viewer  moved  opposite  to   the   direction    of  gravity. 
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Their  readings  thus  being  known,  I  could  then  also  pick  them  up 
while  observing  the  stellar  lines  without  being  obliged  to  turn 
the  screw  in  the  opposite  direction.  The  first  observations  serve 
to  correct  the  reduction-table,  the  second  to  determine  the 
changes  of  the  zero  point.  Since  the  spectroscope  is  not  rigid 
enough  for  taking  several  pointings  of  one  line,  without  observ- 
ing each  time  the  spark  spectrum,  I  measured  through  one  region 
of  the  stellar  spectrum  without  turning  back.  For  this  reason 
all  the  observations  of  any  one  line  are  quite  independent.  Al- 
most all  the. measures  were  taken  in  bright  field  illumination.  It 
is  needless  to  say  that  the  observations  of  most  of  the  lines  were 
very  difiicult,but  I  have  not  the  least  doubt  that  those  repeatedly 
observed  refer  to  real  bright  lines,  and  are  not  merely  an  effect  of 
contrast  produced  by  dark  lines  on  the  continuous  spectrum. 
There  are  302  observations,  belonging  to  71  lines,  made  on 
February  3,  4,  5,  10  and  11.  Afterwards  I  made  arrangements 
for  photographing  the  spectrum,  but  the  sky  did  not  clear  up  be- 
fore my  return  to  Edinburgh. 

The  mean  values  of  the  wave-lengths  A.  and  their  intensity  I 
(where  1  stands  for  faint,  6  for  very  bright)  are : 


No. 

No. 

1899. 

off  Ob«. 

X 

I 

18»3. 

of  ()b«. 

A 

I 

Feb.  4*  5*  10 

S 

657.0 

Feb.  4.  S 

S 

540.7 

3 

"     3.  4. 10 

5 

640.5 

••    S 

5.^± 

*•     4.  5. 10 

4 

632-5 

•*     4.  5 

6 

5374'* 

"     5. 10 

2 

624  ± 

"     3.  4.  5 

6 

Its* 

"      4.  10 

i 

620.3 

"     3.4.5 

I 

*•     3.  5. 10 

6I5.I 

•*     3.  4.  5 

524.6 

"     3.  4.  S.  10 

s 

6o9.q                 I 

••     3.5 

I 

5196 

*•     3.  ^.  10 

7 

60^.7 

*•     3.  4.  5.  ii 

517.45  ±  0.12t 

••     3.  4.  5.  10 

I 

5^0 

3  1 

"     3 

1 

513  ± 

"     3.  4.  5. 10 

5934 

't  1 

"     3.4.11 

4 

;il.l 

••      3.40 

»3 

5^-7  ±0.15 

"     3.4 

2 

508.2 

••      3.  40 

4 

=S3-8 

•       3.    4.  5.   M 

6 

5o2.68±o.iit 

"     3.^ 

3 

:8o.;                 ' 

**      4 

I 

501  ± 

•      4o 

3 

577-1                 1 

•*      4.  >l               ' 

2 

497-9 

•       4.5 

3 

572-9                ' 

"      3.  4. 

2 

4947 

**     3. 4.  5 

4 

^68.7 

••      3.  4.5. 10,1  i, 

6 

493-i7±o.i7t 

•     3.40 

4 

564.9 

"     3                  1 

1 

490  ± 

••     3.  4.  5 

-60.0 

"     3. 4. 5. 10. 11 

9 

486-88±o.oSt 

••     3.  4.  5 

h 

5:70 

10 

4836 

I 

r.  ^^ 

z, 

552-4                1 

••     3.4.5.10.11 

6 

482.0                j  2 

4 

2 

5ri-o                1 

*•     4. 5 

2 

480.7             ;  2 

"3.4                1 

i 

54ii.8 

"     3.  4.  10        1 

I 

478.8              2 

"3.4.5          ' 

544-6                  i 

••     4.  ^  >o,  11  I 

477-48                 3 

*      '                 1 

I 

543  ±              ' 

* 

••     4.  5.  10 

4 

4757 

4 

•  Many  close  lines  in  this  part  of  the  spectrum,  of  which  this  is  the  most 
prominent. 

t  On  Feb.  10  it  was  recorclefl  that  the  bri/jht  line  517.4-  was  vcrj'  broad,  and 
that  the  intensity  leil  off  ^jradually  towards  the  red,  while  it  was  cut  off  abruptly 
at  the  more  refrangible  edjjc. 

t  It  was  noted  on  Feb.  3  that  the  three  lines.  502.7,  493.2,  and  486.9.  "look 
as  if  they  are  double."  On  Feb.  4  the  line  493.2  is  entered  as  the  **  middle  of  two 
lines." 

•*  Dark  spaces  between  the  verv  bright  lines"  were  seen  on  ever3'  night  of  ob- 
servation from  Feb.  3  to  Feb.  11.' 

S  More  lines  in  this  place. 
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No, 

No. 

iw^. 

ot  Qbs, 

k 

1 
2 

IfilkSt. 

ol  Obs. 

A 

I 

Feb,  10 

a 

4748 

Pcb.  4,  5,  10 

6 

4':4  1 

*'     3.4o.'o.n 

7 

4717 

"     4»  ?.  10 

4S7.S 

*•       10.11 

; 

47t7 

"     40 

4?J8 

"     5.  ti 

3 

4702 

'*     4o 

•*      4*  lo 

3 

Uy'l 

"      4»^ 

451  4 

"     5. 10 

3 

1 

•'     5 

"     5 

ai:S 

"     4^  5.  10.  II 

4^M 

"     4.5 

44--t/ 

"     5.  io»  n 

5 

464J 

"     4.? 

441- 1 

*'     4*  to            1 

4 

463^3 

"     5 

4-fJ  * 

:; 

*'     S.  n 

3 

46a.3 

^ 

*'     5 

4 

435  3 

4 

o     4.  5.  »o.  " 

c, 

460  3 

JL 

The  lines  marked  d  are  double.  All  the  measured  lines  are  shown 
in  fig.  1,  where  the  fainter  grades  are  indicated  b^^  shortening  the 
lines.  In  fig.  2  an  attempt  has  been  made  to  represent  the  rela- 
tive intensity  of  the  various  parts  of  the  spectrum. 

In  the  spectrum  the  sodium  line  (D),  and  the  two  hydrogen 
lines  C  and  F»  are  present;  Hy  is  very  probabl^'^  435.5,  which 
was  just  at  the  limit  of  visibility.  All  these  lines  show  a  decided 
shift  towards  the  red,  from  which  I  find  the  tbllowing  velocity  of 
the  body  per  second  relatively  to  the  solar  system : — 

C,  +  211  miles,    D,  +  135  (±47)  miles,    F,  290  (±31)  miles. 

The  very  bright  line  517.45  Hes  within  the  magnesium  lines  b^, 
fcj,  />^,  and,  considering  the  shift  of  the  lines,  lies  close  to  the  iron 
lines  b^,  b^.  However,  the  great  intensity  of  the  line  compared 
with  that  of  the  other  lines  of  the  spectrum,  if  iron  be  supposed  to 
be  present,  also  the  gradual  falling  away  of  the  light  towards  the 
red,  are  in  favor  of  magnesium.  The  remaining  two  bright  lines 
are  not  the  nebulous  lines. 

As  the  great  intensity  of  the  spectrum  in  the  green,  due  to 
numerous  lines,  many  of  which  I  was  not  able  to  measure,  sug- 
gests the  presence  of  iron  in  the  Nova,  I  have  entered  in  the  second 
line  o^  the  diagram  the  most  prominent  lines  of  the  iron  urc*s[jec- 
trum  for  the  sake  of  comparison.  Although  a  nuraber  of  the  lines 
fall  together  with  those  of  the  Nova,  one  cannot  lay  much  stress 
upon  those  coincidences,  owing  to  the  great  number  of  lines  in 
iron  and  the  Nova  scattered  over  the  whole  visible  spectrum. 

It  is  noteworthy  that  some  of  the  brightest  lines  given  above 
were  observed  by  me  at  Duneeht  in  the  s|>ectra  of  R  Andromeda^ 
and  R  Cygni  on  October  28,  1889,  on  an  intimation  by  the  Rev. 
T.  E.  Espin  that  the  F  line  appeared  bright  in  the  spectra  of  these 
stars.  Although  the  observations  of  these  stars  could  not  be 
completed  on  account  of  m3''  removing  to  Edinburgh  shortly  af- 
terwards, I  give  the  wave-lengths  of  all  the  brighter  Hnes  in  their 
spectra,  all  of  which,  it  will  be  seen,  agree  closely  with  prominent 
lines  in  the  spectrum  of  the  Nova.  R  Andromedae  was  observed 
the  with  slit  rather  open. 
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R  Andromedte. 

R  Cygni. 

Nova  Aurigae. 

A       Intensity. 

X       Intensity. 

X       Intensity. 

532.3           4 

533.0           4 

528.6          3 

528.9           3 

5280           3 

517.1  •        4 

517.0           4 

517.4           5 

494.5           4 

t 

493.2           5 

486.7           6 

486.0           6 

486.9           6 

Postscript  added  14tb  March,  1892, 

The  new  star  still  continuing  bright  enough  to  be  observed 
with  the  spectroscope,  I  returned  to  Dunecht  on  February  24, 
but  was  very  unfortunate  with  the  weather.  On  March  4,  I 
found  that  the  intensity  of  the  spectrum  had  much  decreased,  but 
that  the  bright  lines  were  still  easily  seen.  From  C  to  550  I 
again  measured  all  the  brighter  lines,  while  between  550  and  F 
I  obtained  almost  every  line  that  is  given  above.  Thirty-eight 
lines  in  all  were  re-measured,  but  the  results  are  not  combined 
with  those  already  given.  Beyond  F  the  light  was  too  faint  for 
measuring.  The  results  agree  with  the  earlier  ones  as  closely  as 
the  size  of  the  spectroscope  entitles  one  to  expect.  The  power  14 
was  employed.  The  intensity  of  some  of  the  lines  relatively  to 
each  other  appeared  to  be  changed.  Certainly  F  was  no  longer 
the  brightest  line,  the  line  517.5  considerablj-  surpassing  any  of 
the  others.  I  was  not  able  to  detect  any  narrow  dark  lines  which 
had  been  announced  in  the  meantime,  but  I  measured  the  middle 
of  the  dark  spaces  to  the  violet  of  some  of  the  brightest  lines, 
which  formerh'  I  had  attributed  to  the  effect  of  contrast.  The 
wave-lengths  of  the  brightest  lines  in  the  green-blue,  and  their 
relative  intensities  (the  brightness  in  Februar)-  is  given  in  paren- 
theses), were  observed  as  follows :— 


Number  of 
Observations. 

A 

Intensity. 

1 

Remarks. 

2 

533.4 

1        -^ 

(4) 

2 

528.7 

4 

(3) 

2 

524.6 

'        4 

(2) 

2 

517.5 

6 

(5) 

2 

502.7 
501.2 

5 

(5) 

Breadth,  0.5 

Middle  of  dark  space;  breadth,  2.0. 

3 

493.0 

4 

(5) 

Dark  bands  to  the  red  and  violet. 

5 

487.1 
484.8 

4 

(6) 

Middle  of  dark  space;  breadth,  3.6. 

•  A  companion  on  either  side  1.5  nimm  off.    t  One  ver^*  bright  line  missed  (ac- 
cording to  note-book)  near  F  towards  the  red. 


Further  Remarks  on  Nova  Aurigse.    Professor  Ralph  Copeland, 
(Communicated  21st  Marcli,  1892.) 

The  most  remarkable  additional  fact  that  I  have  to  communi- 
cate is  a  sudden  diminution  in  brightness  that  seems  to  have  set 
in  about  the  7th  of  March.  Throughout  the  month  of  February 
the  Nova  exhibited  continual  and  irregular  changes  of  brightness, 
which  are  shown  by  the  dots  in  the  diagram.  The  state  of  the 
sky  was  unusually  favorable  during  the  earlier  part  of  Februar>% 
and  later  on  still  offered  occasional  opportunities  of  comparing 
the  star  with  its  neighbors.  Unfbrtunateh%  on  March  8,  I  had 
the  misfortune  to  lose  the  very  fine  binocular  that  had  up  to  that 
time  been  used  in  these  observations.  Hoping  that  it  might  l>c 
recovered,  and  not  apprehending  that  any  very  surprising  change 
in  the  star's  brightness  was  about  to  occur,  I  did  not  attempt  to 
replace  it  until  the  18th,  when,  on  examining  the  heavens  with  a 
good  opera-glass,  I  was  unable  to  identify  the  star.  It  was, 
however,  readily  found  with  a  3H-iiieh  refractor,  but  had  declined 
to  the  8.6  magnitude.  [See  fig.  3,  and  the  table  on  page  601.]  On 
the  19th  it  had  lost  a  further  0"\3,  w^hile  last  night  it  had  so  far 
faded  as  only  to  be  of  the  9,1  magnitude.  We  thus  see  that  on 
Februan,^  7  the  Nova  was  about  132  times  as  bright  as  it  was 
last  night,  Its  brightness  on  the  8th  and  20th  are  in  the  ratio  of 
14  to  1. 

Last  night,  March  20,  Nova  being  about  one  magnitude 
brighter  than  the  small  star  close  to  it,  which  was  observed  at 
Bonn  34  years  ago»  it  was  still  practicable  to  analyse  its  light 
with  the  small  spectroscope.  The  spectrum  was  strongly  contin- 
uous in  the  _vellow,  green,  and  blue,  with  several  in  tenser  parts 
that  probably  represented  bright  lines.  No  trace  of  the  bright  C 
line,  formerly  so  conspicuous,  could  be  made  out.  It  does  not 
seem,  at  present,  that  the  spectrum  is  likely  to  become  reduced  to 
a  single  bright  line  as  was  the  case  with  the  Nova  of  1876,  but  it 
seems  rather  to  resemble  the  continuous  spectrum  of  Nova 
Coronse^  as  it  appeared  in  1866,  when  the  bright  lines  were  super- 
posed on  the  continuous  spectrum. 

Note  added  April  1 7. 

The  further  history  of  this  star,  as  seen  in  the  Edinburgh  re- 
flector, is  one  of  steady  and  continued  decline.  The  magnitudes  on 
the  days  of  observation  are  given  below  until  April  1.  when  it 
was  seen  for  the  last  time.  The  place  was  examined  in  a  hazysky 
on  April  14,  and  again  on  the  18th,  when  the  night  was  clear. 
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with  the  exception  of  a  little  inevitable  smoke ;  on  neither  of  these 
occasions  was  a  trace  of  the  star  discernible.  Its  spectrum  was 
"continuous  with  traces  of  dots"  on  March  25,  the  star  be- 
ing estimated  of  the  10.7  magnitude.  The  brighter  magnitudes 
have  been  apportioned  in  accordance  with  the  Durcbmustemng^ 
and  some  Harvard  measures.  The  fainter  part  of  the  scale  has 
been  formed  on  the  assumption  that  the  "Bonn  star"  is  9".9^ 
while  the  small  star,  which  forms  an  equilateral  triangle  with  it 
and  the  place  of  the  Nova,  is  set  down  as  12".7. 

On  March  28,  when  it  had  fallen  to  11°*.9,  it  could  no  longer  be 
seen  through  a  prism  which  gave  a  distinct  spectrum  of  the 
neighboring  9™.9  Bonn  star.  Hence  we  may  certainly  conclude 
that  on  this  day  the  light  of  Nova  Aurigae  was  far  from  mono- 
chromatic, or  it  would  have  been  visible  through  a  prism. 

Observed  Magnitudes  of  Nova  Aurigas. 


Day. 


1892 
Feb.    1 


2 
3 
4 
5 
6 
7 

8 

9  I 
10  j 
11 

16  I 

17  1 

I 


Hoar. 


h 
6.1 


8.1 

5.56 

9.4 

5.13 

8.1 

5.0 

7.3  to  9.8 

4.65 

6.5  and  7.8 

4.55 

12.0 

3.80 

6.0  and  11.1 

4.09 

7.8 

5.03 

8.8  and  11.1 

5.0 

10.0 

5.0 

8.3  and  8.8 

5.87 

6.9  to  12.2 

5.43 

Mag.     Comparison  Stars  and  Remarks. 


5.56 


"     18  ' 

7.8  to  12.4 

5.38 

"     19  1 

8.3  and  9.2 

5.10  1 

*•     22  1 

11.1 

5.76  , 

..     29  ' 

7.9 

5.76 

Mar.  5  , 

9.6 

5.58 

"       8  ' 

9.7 

6.26 

"    18  ; 

8.9  and  9.3 

8.58 

"     19  1 

9.8 

8.9 

"     20  j 

9.0  and  9.5 

9.1 

u     23 

9.4 

9.7 

"     24 

11.6 

10.0 

"     25 

10.8 

10.7 

"     28  , 

8.7 

11.9 

"     29 

9.0 

12.4 

"     30  : 

9.0 

126 

Apr.    1  j 

9.1 

12.9       : 

1 

26  Anrigce ;  Nova  strong  yellow. 

F.G. 

Image   strictly   stellar  after- 

wards in  the  24-in.  telescope. 

26.  Nova  seen  with  naked  eye. 

<i 

26  and  x  Aurigae. 

<( 

26  and  x- 

it 

X' 

*t 

X,  moon  very  near;    Nova  seen 

•' 

with  unaided  eye. 

26  and  X- 

n 

26  and  x- 

♦• 

26  and  x- 

It 

X' 

ii 

26  and  D.M.  +  30°  898. 

O.G. 

26,898,  and  x\  Nova   certainly 

F.G. 

brighter  than  last  night. 

26  and  x- 

** 

X' 

•< 

X' 

•i 

26. 

'» 

;r. 

t( 

26. 

O.G. 

D.M.  +  30°  912  and  913. 

3V4  in. 

913  and  -f  30°  932. 

•* 

913,  932. and  Bonn  star  of  1858. 

3V4  and  24  in. 

Bonn  star. 

24  in. 

Bonn  star. 

Bonn  star  and  p*  of  a  pair  s/"=  f. 

f  and  faint  star  of  triangle  =  x. 

»:• 

K- 

g  and  next  *  to  s. 


Inst. 


The  instruments  used  were  F.G.,  a  large  field-glass;  O.G.,  two 
different  opera-glasses;  a  3Vi-inch  refractor  by  Cooke,  with  a 
power  of  27;  and, lastly » the  24-iiich  Grubb  reflector  and  a  power 
of  138.  The  silvering  of  the  last-named  instrument  is  at  present 
somewhat  thin  and  imperfect. 


THE  ULTRA-VIOLET  SPECTRUM  OF   THE    SOLAR    PROMINENCES. 

GEORaE  E.  HALE. 

In  a  paper  presented  at  a  meeting  of  the  Paris  Academy  of 
Sciences  on  June  13»  1S92»  I  gave  a  list  of  the  bright  lines  ob- 
tained in  a  photograph  of  the  spectrum  of  a  metallic  promi- 
nence taken  at  the  Kenwood  Observator>'  on  May  25,  1892. 
The  photograph  shows  all  lines  hitherto  discovered  in  the  ultra- 
violet prominence  spectrum  (with  the  exception  of  a  few  of  the 
most  refrangible,  which  could  not  be  obtained  with  the  visual  ob-| 
jective  of  the  equatorial),  and,  in  addition,  four  lines  not  before 
known.  These  new  lines  are  marked  with  an  asterisk  in  the  fol- 
lowing table: 


A 
Lines, 

Elements, 

X 
Lines, 

Elements, 

3970.2 

Hydrogen  (e) 

3836.54 

Hydrogen  (/!?,) 

3968.56 

Calciuro  (Hi 

3832.5 

Magnesium 

•3961.7 

Mangjinesc? 

3829,5 

** 

3933.86 

Cakium  (K) 

3798.1 

Hvdrogcn  i^'A 

•3900.7 

3770.8 

'    *'       (A) 

3889.14 

Hydrogen  fa,) 

3761.4 

3888.73 

3739.3 

•3886,4 

3750.2 

Hydrogen  («,) 

•3860.0 

Iron  ? 

3734.2 

*•       (C) 

3838.4 

Magnesium 

A  new  photographic  objective  (12  inche:*  aperture)  has  just 
been  completed  by  Brashear,  and  mounted  on  our  equatorial, 
and  by  its  means  I  hope  to  add  many  new  lines  to  the  number 
now  known  to  be  present  in  the  ultra-violet  spectrum  of  metallic 
prominences. 

Kexwood  Astro-Physical  Observatory, 
Chicago,  July  11,  1892. 
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PHOTOGRAPHS  OP  SOLAR  PHENOMENA  OBTAINED  WITH  THE 
SPECTROHELIOGRAPH  OF  THE  KENWOOD  ASTRO- 
PHYSICAL  OBSERVATORY. 


GBORGB  B.  HALB. 


In  the  May  number  of  Astronomy  and  Astro-Physics  I  de- 
scribed  the  spectroheliograph,  and  the  methods  of  photographing 
Sun-spots,  faculae,  chromosphere  and  prominences  in  daily  use  at 
the  Kenwood  Observatory.  The  accompanying  plates  may  serve 
to  illustrate  the  nature  of  the  results  obtained.  It  has  been 
found  extremely  difficult  to  reproduce  the  photographs  by  the 
photo-gravure  process,  and  many  fine  details  have  unfortunately 
been  lost.  This  is  especially  true  in  the  case  of  the  single  promi- 
nence, which  in  the  original  negative  is  very  sharply  defined,  and 
shows  many  faint  appendages  entirely  invisible  in  the  reproduc- 
tion. 

The  photograph  of  the  entire  chromosphere  is  strikingly  like  a 
picture  of  the  totally  eclipsed  Sun,  taken  just  at  the  beginning  of 
totality.  In  the  present  case,  however,  the  Moon's  place  was 
filled  by  a  circular  metallic  diaphragm,  which  was  not  exactly 
concentric  with  the  solar  image  when  the  exposure  was  made. 
This  eccentricity  accounts  for  the  apparent  inequality  in  the 
depth  of  the  chromosphere  on  the  opposite  limbs  of  the  Sun. 

The  photograph  of  faculae  brings  out  clearly  the  great  impor- 
tance of  this  class  of  solar  phenomena.  The  lack  of  proper 
means  of  observing  the  faculse  has  led  us  to  think  of  them  as  of 
small  extent  and  consequently  secondary  importance.  In  fact, 
observations  made  in  the  ordinary  way  show  the  faculse  to  be 
no  greater  in  area  than  the  spots.  But  photographs  made  by 
the  new  method  reveal  the  true  state  of  the  solar  surface.  In- 
stead of  merely  equalling  the  spots  in  area  the  faculse  are  shown 
to  be  far  more  extensive,  and  in  point  of  size  the  spots  sink  into 
relative  insignificance. 

In  the  original  negatives  made  with  the  spectroheliograph,  the 
faculae  are  equally  well  shown  on  all  parts  of  the  solar  surface, 
but  the  process  of  reproduction  has  so  intensified  the  darkening 
of  the  Sun  at  the  limb  that  the  figure  in  the  plate  fails  to  bring 
out  the  edges  of  the  disc. 

Since  these  plates  were  made  I  have  succeeded  in  making  photo- 
graphs in  which  the  faculae,  spots,  chromosphere  and  promi- 
nences are  all  shown  on  a  single  plate  in  their  proper  relative  po- 
sitions.   This  cannot  be  done  with   the  spectroheliograph  in  a 


single  exposure*  as  the  time  required  to  bring  out  the  promi- 
nences is  much  too  long  for  the  faculge.  The  diaphragm  covering 
the  Sun*s  image  at  the  focus  of  the  equatorial  is  therefore  em- 
ployed as  usual,  and  the  slits  are  made  to  move  across  at  the 
speed  required  for  the  prominences.  At  the  end  of  the  stroke  the 
diaphragm  is  removed,  and  the  shts  made  to  move  back  over  the 
image  at  a  much  higher  speed  by  adjusting  the  valves  of  the 
clepsydra.  An  image  of  the  Sun*s  surface,  with  the  faculie  and 
spots,  is  thus  formed  on  the  plate  exacth'  within  the  image  of 
the  chromosphere  formed  during  the  first  exposure.  The  whole 
operation  is  completed  in  less  than  a  minute,  and  the  resulting 
photographs  give  the  first  true  pictures  of  the  Sun  showing  all  of 
the  various  phenomena  at  its  suriace. 
Kenwood  Astro-Physical  Observatory, 
Chicago,  July  11,  1892, 


NOVA   AVRIGJB.* 


WALTER  SIDGREAVBS. 


A  short  account  of  the  Stonyhurst  College  Observatory  in  con- 
nection with  the  subject  of  this  paper  will  help  to  expLiin  the 
long  delay  in  publishing  the  map  of  the  spectrum  of  the  tempo- 
rary star  in  Auriga,  and  may  be  of  interest  to  the  readers  of  Asu 
TRONOMY  AND  Astro-Ph vsics,  many  of  whom  were  w^ell  ac- 
quainted with  its  late  director,  Father  Perry. 

In  pursuance  of  his  desire  that  stellar  spectroscopy  should  be 
added  to  the  work  of  the  Observatory,  a  hmg  series  of  experi- 
ments wMth  three  spectroscopes  has  been  carried  on  during  the 
last  two  years,  with  the  view  of  deciding  which  of  them  would 
be  the  most  serviceable,  and  whether  the  work  could  be  under- 
taken with  any  reasonable  hope  of  contributing  to  the  subject 
from  the  small  optical  power  of  an  eight-inch  refractor. 

The  experiments  were  commenced  with  e^e  observations,  using 
a  very  superior  stellar  spectroscope  constructed  by  Mr.  Hilger, 
and  fitted  with  every  mechanical  aid  that  could  be  desired  by  a 
spectroscopist  struggling  to  see  and  to  locate  barely  visible  lines 
in  a  feeble  spectrum.  But  it  was  found  that  only  with  the  best 
atmospheric  conditions  for  optical  calmness  any  reliable  meas- 
ures could  be  made,  and  the  eye  experiments  soon  gave  place  to 
those  ot  the  photographic  plate.    The  plate  showed  itself  com- 

•  Commonicateil  by  the  author. 
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paratively  indifferent  to  the  scintillations  that  troubled  the  eye, 
and  gave  better  promise  of  continuous  work. 

These  experiments  included  the  two  methods  of  giving  breadth 
to  the  spectrum :— by  a  cylindrical  lens  at  various  positions,  and 
by  trailing  the  star's  image  over  the  plate  both  along  the  slit  and 
without  a  slit.  They  proceeded  slowly  as  each  exposure  was 
necessarily  long,  many  repetitions  were  needed  for  each  adjust- 
ment, and  the  unusual  cloudy  condition  of  the  sky  during  the 
past  two  years  afforded  few  opportunities  for  advancing  the 
work. 

Eventually  the  method  of  trailing  without  a  slit  became  the 
one  always  followed,  and  the  spectroscope  selected  was  a  direct 
vision  spectroscope  of  two  compK>und  prisms  made  by  Hilger  for 
service  on  one  of  the  recent  expeditions  for  observing  a  solar 
eclipse.  One  of  the  prisms  was  removed  and  the  reduced  disper- 
sion made  it  possible  to  obtain  an  impression  of  the  spectrum  of 
ft  Lyrae  that  was  quite  readable  under  the  microscope. 

It  was  then  necessary  to  find  the  proper  inclination  of  the 
plate  to  suit  the  focal  positions  of  the  series  of  rays  between  D 
and  H,  the  extreme  limits  of  the  spectrum  obtainable.  And  this 
operation  occupied  all  the  available  nights  between  the  beginning 
of  June  and  the  end  of  September,  1891.  There  was  not  space 
enough  between  the  extremity  of  the  ocular  tube  and  the  posi- 
tion of  the  focus  for  a  camera  provided  with  an  angular  adjust- 
ment of  the  plate-holder,  and  it  was  necessary  to  separate  the 
holder  from  its  adapter  by  a  slotted  wedge  of  hard  wood.  The 
angle  of  the  wedge  was  estimated  from  the  measured  difference  of 
the  focus  of  b  and  G;  but  it  was  found  to  be  much  too  small, 
probably  on  account  of  the  ease  with  which  the  eye  adapted  it- 
self to  the  different  conditions  of  seeing  b}'  green  and  by  blue 
light.  Four  wedges  had  to  l)e  tried  before  the  exact  angle  was 
obtained.  The  final  result  was  very  satisfactory,  the  focus  ap- 
pearing uniformly  good  all  along  the  spectrum  from  near  D  to 
near  H. 

The  angular  adjustment  of  the  plate  became,  b^'  means  of  the 
wedge,  an  unchangeable  fixture.  And  the  carrying  tube  was  se- 
cured at  the  position  to  show  G  in  the  middle  of  the  visual  field. 
So  that  no  alteration  of  the  adjustments  could  be  accidentally 
introduced. 

The  instrument  was  thus  ready  for  work  four  months  before 
the  new  appearance  in  Auriga.  A  numl)er  of  impressions  had 
been  obtained  of  the  spectra  of  some  of  the  brighter  stars,  and  a 
seri^  of  plates  of  the  variable  spectrum  of  y  Cassiopeise.    ft  Lyrae 


had  also  been  tried,  and  the  results  seemed  to  show  that  it  would  , 
be  useless  to  attempt  any  smaller  star.  But  no  steps  had  Ijeeu 
taken  for  tabulating  the  spectral  lines  to  wave-length  scale. 
The  observers  were  waiting  for  the  greater  optical  power  prom- 
ised by  the  eftbrts  of  a  number  of  gentlemen  to  benefit  the  Ob- 
servatory, to  the  memory  of  the  late  Fathei*  Perry,  who  had  lost 
his  life  to  himself  and  to  it  in  the  cause  of  its  science.* 

We  are  indebted  to  the  kindness  of  Dr,  Huggins  for  the  photo- 
graph of  the  spectrum  of  the  Nova.  An  early  telegram  from 
him»  arriving  before  the  Edinburgh  circular,  gave  us  the  oppor* 
tmiity  of  the  3rd  of  February  when  the  star  was  at  its  bright- 
est and  the  sky  was  exceptionally  clear.  Two  impressions  were 
obtained,  and  it  became  necessary  to  construct  a  complete  map 
of  the  details  of  the  spectrum.  This  required  time.  No  wave* 
length  ctirve  had  yet  been  drawn»  and  for  its  construction  a  suffi* 
cient  number  of  solar  lines  had  to  be  sought  and  verified  on  the 
same  smalUsized  photograph  of  the  spectrum  of  Capella,  or  of 
Arcturus.  The  solar  spectrum  itself  could  not  be  used,  for  the 
same  reason  that  solar  light  could  not  be  employed  in  any  of  the 
experiments  for  the  accurate  adjustment  of  the  slitless  stellar 
spectrograph:— viz,,  that  the  spectrograph  as  used  upon  the 
stars  without  the  slit  and  cylindrical  lens  is  not  the  same  instru* 
ment  as  when  provided  with  the  slit  for  the  Sun  or  planets. t 

But  eventually  an  excellent  interpolation  curve  was  drawn 
through  forty-two  fiducial  points  obtained  from  the  spectra  of 
Capella  and  Arcturus,  and  the  two  plates  of  the  3rd  Februant'  be- 
came the  subjects  of  a  prolonged  and  careftil  study  before  the 
map  was  complete.  A  catalogue  of  lines  together  with  the  map 
will  appear  in  the  memoirs  R.  A.  S„and  in  the  accompanying  pa- 
per some  experiments  are  described,  which  were  instituted  to 
test  the  reality  of  the  breadth  of  the  lines  as  shown  on  the 
plates  and  the  applicability  of  the  interpolation  curve  to  the 
siDcctrum  of  the  Nova.  The  latter  consideration  was  all  impor- 
tant on  account  of  the  absence  of  a  slit  to  direct  the  incident 


*  The  memorial  probably  failed  to  ^et  generally  known*  and  the  fund  barely 
reached  the  figure  needed  for  a  I5*inch  objective,  which  had  been  the  desire  of  the 
late  Father  Perry*  And  we  owe  much  to  the  generosity  of  Sir  Howard  Gmbb, 
who  has  undertaken  to  work  the  glasses  and  the  necessary  fittings  for  the  avail- 
able fund, 

t  In  the  latter  case  the  iltumtnated  slit  is  the  object  to  be  focnssed  on  the 
plate  by  the  lenses  of  the  spectrograph,  and  is  the  one  position  of  the  object  for 
every  color-image  on  the  plate.  In  the  former  case  the  image  of  the  star,  as 
^iven  bv  the  telescope  objective,  takes  the  place  of  the  sUt.  And  this  is  a  multiple 
image  forming  so  many  color-objects  at  different  distatices  from  the  focussing  I 
tenses.  The  inclination^  therefore,  of  the  plate  is  not  the  same  in  the  star  camera 
and  Sun  camera  and  the  two  spectra  diflfer  in  length. 
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rays  to  the  plate.  If  the  incident  angles  from  the  Nova  and  from 
the  star  that  ftimished  the  wave-lengths  of  the  curve,  were  not 
the  same,  the  two  spectra  would  not  be  of  identical  dispersion, 
and  the  curve  would  not  suit  the  Nova.  The  result  was  satisfac- 
tory, showing  that  the  possibility  of  the  angles  being  materially 
different  was  very  small. 

The  map  is  a  double  one :  the  lower  one  showing  the  lines  or 
bands  as  they  are  easily  seen  on  the  plates,  the  upper  one  giving 
further  subdivisions  or  superpositions,  as  discovered  by  a  more 
careful  study  of  the  details.  Each  line  in  this  map  has  the  au- 
thority of  two  examiners,  experienced  assistants  of  the  late 
Father  Perry,  viz.,  Fr.  Cortie  and  Mr.  W.  McKeon,— the  condi- 
tions of  acceptance  being  the  evidence  of  both  plates  to  each  ex- 
aminer. 

The  object  of  the  paper  in  the  memoirs  is  to  offer  the  frillest  ac- 
count of  the  map  and  catalogue,  in  order  that  their  value  may 
not  be  either  over-estimated  or  under-rated.  They  were  com- 
pleted only  a  few  days  before  the  meeting  of  the  R.  A.  S.  in  May; 
and  it  was  premature  to  advance  any  hypothesis  to  account  for 
the  new  appearance  in  Auriga.  But  it  was  impossible  to  omit 
allusion  to  an  impression  which  had  grown  upon  us  during  the 
construction  of  the  map:  that  the  spectrum  was,  on  the  whole, 
what  the  solar  chromospheric  spectrum  might  be  expected  to 
show  on  a  grander  scale  of  disturbance.  The  general  distribution 
of  lines  in  the  two  spectra  agreed ;  the  richer  and  the  poorer  re- 
gions being  the  same  in  both,  and  many  coincidences  appearing 
amongst  them.  The  breadth  of  the  lines,  and  the  central  divi- 
sions of  F  and  G'  have  also  their  likenesses  in  the  spectra  of  our 
own  solar  disturbances.  Father  F^nyi,  detailing  the  phenomena 
observed  by  him  in  the  region  of  the  great  solar  spot  group  of 
February,  says  that  C  **was  remarkably  widened  and  had  a 
dark  line  running  through  the  center."  The  occasional  great  dis- 
placements of  the  hydrogen  lines  over  spots  are  well-known  to  all 
students  of  solar  physics,  and  even  the  opposite  displacements  of 
the  bright  and  dark  companions  on  the  Nova's  spectrum  have 
had  their  imitations  on  solar  spot  spectra.  We  may  then  have 
to  wait  till  our  studies  of  the  solar  disturbances  are  further  ad- 
vanced, to  be  in  a  position  to  interpret  correctly  the  perplexing 
spectrum  of  Anderson's  new  star. 

Stonyhurst  Observatory, 
Lancashire,  England. 
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DISTRIBUTION  IN  LATITUDE   OF   SOLAR   PHENOMENA   OBSERVED 

AT  THE  ROYAL  OBSERVATORY  OF  THE  ROMAN  COLLEGE 

DURING  THE  FIRST  QUARTER  OF  I892,* 


P.   TACCHINI, 


The  following  results  were  determined  for  each  zone  of  10^,  in 
both  hemispheres  of  the  Sun. 


1892. 

90°  +  80^ 


Prominences. 

0,000 
0,000 
0.033 
0.080 
0.097 
0.116 

O.U97 
0.086 
0.027 


Facnlje. 


Spots* 


Eruptions. 


0.536 


o    —  10 

to  —  20 
20  —  30 
30  «40 
40  -  50 
50—00 
60—70 
70  —  80 

do  —  90 


0.043 
0.050 
0.150 
0,070 

O.OJ7 
0.087 
0.007 
0.000 

O.OOQ 


0.464 


0.007 

0.054 

0.000 

0.200 

0.480 

0.213 

0.057 

0,213 

0.062^ 

0.050 

0.06SI 

0.012] 

0.212 

0^87 

0.178 

0,520 

0.200 

0,055 

0.0^5 

0,007 

0.476 


0.524 


0,000 
0.000 
0.714 
0.286 


I.OOQ 


The  few  metaUic  eruptions  observed  are  confined  to  the  south- 
em  hemisphere;  the  distribution  of  the  faculse  is  in  accord  with 
that  of  the  spots »  and  the  frequency  is  greater  south  of  the 
equator  for  the  faculae,  spots  and  eruptions. 

The  prominences,  on  the  contrar3^  have  been  a  httle  more  fre* 
c^uent  in  the  northern  hemisphere,  and  they  have  also  occurred  in 
much  higher  latitudes,  as  compared  with  the  other  phenomena. 
The  law  which  regulates  the  distribution  of  the  prominences  at 
the  surface  of  the  Sun  is  thus  quite  different  in  relation  to  the 
facultc  and  spots,  and  it  is  consequently  difficult  to  attribute  the 
production  of  all  of  these  phenomena  to  the  same  cause;  it  may 
even  be  called  impossible. 

The  prominences  are  few  near  the  equator  and  absent  in  the 
regions  ( ±  70"^  ±  90^) ;  we  are  thus  still  far  from  the  maximum 
of  chromospheric  phenomena,  although  there  are  so  many  spots 
at  the  present  time.  Probably  the  maximum  of  aurorae  will  also 
be  retarded  if  they  are,  as  I  have  always  thought,  more  closely 
related  to  the  prominences  than  to  the  spots. 

R.  OSSERVATORIO  DEL  COLLEGIO  ROMANO,  ROME,  3  JunC,  1892. 
*  Communicated  by  the  author. 
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ON  A  PROMINENCE  OP  EXTRAORDINARY  HEIGHT  OBSERVED 

MAY  5,  I892.^ 

JULIUS  FENYI. 


On  May  5,  a  short  time  before  12**  (Kalocsa  mean  time),  I  ob- 
served a  singularly  bright  and  very  high  prominence  at  position 
angle  97°  24'  —  101°  30',  which  at  10»»  25™  was  not  seen  at  that 
place ;  only  a  few  faint  and  insignificant  elevations  were  there  at 
that  time.  The  prominence  which  had  risen  during  the  interval 
consisted  of  very  bright  streamers,  the  lower  part  inclined  about 
70°  with  the  equator;  the  upper  part  was  more  inclined,  and  was 
cloud-like  in  appearance,  while  the  lower  part  was  banded. 
About  11^  55"  four  transits  over  the  slit  gave  a  height  of  about 
139",  without  evidence  of  a  rapid  uprush.  Unfortunately  pass- 
ing clouds  prevented  complete  and  uninterrupted  observation  of 
details.  Beginning  at  12^  11"*  rapid  rising  was  observed;  trans- 
its immediately  following  each  other  giving  considerably  in- 
creased heights.  At  12^  17°»  34"  it  had  reached  287",  and  at  12»^ 
18°»45'it  had  risen  to  317";  i.  e.,  with  a  velocity  of  306  kilo- 
meters per  second.  The  lower  parts  vanished  during  these  few 
minutes,  so  that  at  12^  21"  9'  nothing  could  be  seen  up  to  a 
height  of  360".  The  parts  floating  at  this  height  rose  with  the 
enormous  velocity  of  368  kilometers  to  a  height  of  531",  which 
was  measured  at  12**  29"  25'.  The  highest  fragment  stood  ex- 
actly over  the  position  90° ;  the  time  of  transit  was  37*.  The 
absolute  height  was  0.557  of  the  Sun's  semi-diameter,  corres- 
ponding to  381,800  kilometers,  or  51,400  geographical  miles. 

Vekiclty  in  kilometers 
Uelght.  per  second. 
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mean  time. 
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11 

55 
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12 
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34 
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18 

45 
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2871 
317/ 
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12  21   9         368  257 

142 


-   -  -         377\ 
12  25   0         404/ 


—  —  —         4101 

—  —  —         480}         368 
12  29  25         531 J 

It  remains  to  be  said  that  also  in  this  case  the  highest  parts 
showed  the  greatest  proper  motion  in  the  line  of  sight.  The 
highest  streamers,  in  about  the  last  quarter  of  the  height,  were 

•  Communicated  by  the  author. 
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IHK   OCCUI^TATtON    OF    MARS    BY     MIK    MOOfI 
iH^i),  MADE  AT  THE  KBNWOOD  ASTRQ. 
PHYSICAL  OBSERVATORY. 


nnOHCiB  6.  IflAUIt. 


Oui  new  photographic  o1>|ectt^*e  by  Branhear  has  now  been  hi 
)  un  the  equatorial  for  about  a  week»  and  amoni*  other  oh- 

Mf  we  have  been  r  *  nonibcr  of 

h.  itB  means.    This  ^ c»  which  i$  •        :    _.   _._  i.     

:n  aperture  of  12  inches  and  a  focal  length  of  18  feet,    ti  i» 
in uun ted  in  a  double  cell  wi* ' 

ttirc  and  focal  length  on  tlic        _  .    _      ,      .       ,       ^ 

projcctini?  half  of  the  cell  utipport  ts  braced  to  the  tnbe  by  iroaj 
rods.    A  *  'a  tail 

didcbyfe  1-    -  L  we  havL  :  _       _    . 

Iiy  tide,  one  %vit1l  and  the  other  without  a  tnbe.    The  double  celt  | 
it  atmilar  to  the  dcnible  no^-pteee  of  a  microtKope,  and  by  looven- 


Mars  emerging  from  occultati-^-    \u\y  u.  .892-     Photographed  at  the  Kenwooj. 
Astr  bservatory,  Chicago. 


'enwoot; 


all  displaced  toward  the  blue.  The  amount  of  the  displacement 
was  measured  by  a  single  setting  of  the  filar  micrometer,  and 
gave  a  velocity  of  368  kilometers  per  second,  exactly  the  same  as 
that  of  the  uprush  mentioned  above.  Somewhat  later  a  place  at 
the  limb»  at  about  101^.  showed  a  marked  motion  toward  the 
red.  The  heliographic  latitude  of  the  place  of  eruption  was 
—  30°  43'  to  —  34.^  49';  longitude  142  \ 

If  we  combine  the  simviltaneously  observed  motion  of  the  tip- 
rush  and  the  velocity  in  the  line  of  sight  to  form  a  resultant,  we 
obtain  the  enormous  velocity  of  520.4  kilometers  per  second. 
Since  at  the  height  of  531"  above  the  surface  a  body  falling  from 
an  infinite  distance  can  have  attained  a  velocity  of  only  451  kilo- 
meters per  second,  it  follows  that  the  velocity  of  520  kilometers 
per  second  in  this  prominence  carried  the  matter  entirely  away 
from  the  Sun  into  space. 

The  eruption  did  not  necessarih'  take  place  exactly  on  the  limb, 
hut  possibly  at  a  place  on  the  \Hsible  disc  or  behind  the  limb. 
For  the  prominences  observed  at  9''  at  the  positions  127°,  106^, 
and  79^  remained  of  the  same  form  after  the  eruption;  even  a 
small  bright  flame  at  BO*^'  remained  entirely  unchanged. 

Observation  of  the  solar  surface  revealed  neither  facute  nor 
spots  to  which  this  enormous  eruption  could  have  been  referred, 

Kalocsa,  Hungary,  22  May,  1892. 


Photographs  of  thk  occultation  of  mars  by  the  moon 

(july  1 1,  1892),  made  at  the  kenwood  astro^ 

physical  observatory. 


GBOROB  B.  HALB. 


Our  new  photographic  objective  by  Brashear  has  now  been  in 
place  on  the  eciuatorinl  for  about  a  week»  and  among  other  ob- 
jects we  have  been  making  a  number  of  photographs  of  the  Moon 
by  its  means.  This  objective,  which  is  corrected  for  the  H;^  line, 
has  an  aperture  of  12  inches  and  a  focal  length  of  18  feet.  It  is 
mounted  in  a  double  cell  with  a  visual  objective  of  the  same  aper- 
ture and  focal  length  on  the  single  tube  of  the  equatorial  The 
projecting  half  of  the  cell  support  is  braced  to  the  tube  by  iron 
rods.  At  the  eye-end  of  the  tube  a  tail-piece  is  supported  on  the 
side  by  similar  braces;  so  that  we  have  the  two  objectives  side 
by  side,  one  with  and  the  other  without  a  tube.  The  double  cell 
is  similar  to  the  double  nose-piece  of  a  microscope,  and  by  loosen- 
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ing  two  clamping  screws  the  cell  may  easily  be  rotated  about  an 
axis  parallel  to  the  tube,  thus  making  the  objectives  readily  inter- 
changeable. This  arrangement  is  a  very  convenient  one,  as  the 
large  spectroheliograph  is  permanently  attached  to  the  tube,  and 
for  different  classes  of  work  it  is  necessary  to  use  both  the  visual 
and  the  photographic  objective  with  it.  No  difficulty  has  been 
experienced  in  regard  to  the  centering. 

The  accompanying  photograph  of  Mars  emerging  from  occulta* 
tion  was  taken  by  Mr.  G.  W.  Ritchey  on  July  11,  1892.  The 
photographic  objective  was  used  without  the  tube,  as  the  defini- 
tion seems  to  be  better  than  when  the  tube  is  employed.  The  ex- 
posure of  %  second  proved  to  be  very  satisfactory  for  both  Mars 
and  the  Moon.  In  spite  of  the  fact  that  the  air  was  not  very- 
steady  at  the  time  the  original  negative  is  quite  sharp,  and  al- 
though the  image  of  Mars  is  only  about  ^  inch  in  diameter,  not 
only  are  the  polar-caps  very  clearly  shown,  but  also  some  other 
markngs  on  the  surface.  In  the  present  photograph  about  one- 
third  of  the  planet  is  hidden  behind  the  dark  limb  of  the  Moon. 
Three  other  photographs  were  secured  by  Mr.  Ritchey,  showing 
the  planet  after  egress.  The  half-tone  cut  is  made  directly  from  a 
six-fold  enlargement  of  the  original  negative. 

Kenwood  Astro-Physical  Observatory, 
Chicago,  July  12, 1892. 


A  REMARKABLE  SOLAR  DISTURBANCE. 


GBORGB  B.  HALE. 


On  July  15,  1892,  there  occurred  on  the  Sun  a  phenomenon 
which  in  suddenness  of  appearance,  exceptional  brilliancy,  and 
rapidity  of  change  in  form  and  brightness  might  almost  be 
ranked  with  the  classic  observation  of  Carrington  and  Hodgson 
in  1859.  The  scene  of  the  disturbance  was  the  active  spot  in  the 
southern  hemisphere,  whose  high  heliographic  latitude  and  rapid 
changes  in  form  have  directed  to  it  more  than  usual  attention. 

A  photograph  of  the  Sun,  showing  the  faculae,  spots  and  prom- 
inences, was  taken  with  the  spectroheliograph  of  the  Kenwood 
Observatory  on  July  15  at  about  11^'  8™  a.  m.  (Chicago  Mean  Time) 
and  showed  nothing  unusual  in  the  spot  in  question,  except  that 
the  facula  running  between  the  northern  and  southern  umbrae  of 
the  sp<)t  was  brighter  than  usual.  The  next  photograph,  taken  at 
about  11^  20"*,  showed  a  very  different  state  of  affairs.    Extend- 


ing between  the  umbrae,  in  a  direction  slightly  inclined  to  theSun*s 
equator,  was  a  perfectly  straight  and  exceedingly  brilliant  object, 
which  expanded  slightly  at  its  eastern  extremity,  and  turned 
sharply  toward  the  north,  terminating  abruptly  in  a  brilliant 
ball  just  east  of  the  center  of  the  northern  umbra.  The  sud- 
den formation  of  this  remarkable  object  did  not  seem  to  aftcct 
the  general  group  of  facute  surrounding  the  spot,  for  thcj  re- 
mained in  |>ractical!y  the  same  form  as  at  first.  As  the  plates 
w^ere  not  developed  immediately  we  knew  nothing  of  the  dis- 
turbance, and  the  next  photograph  was  not  taken  until  about 
111*  4.7">  Meanwhile  an  entire  transformation  had  taken  place  in 
the  Unninous  phenomenon,  and  so  completely  were  the  unibrse 
covered  by  the  brilliant  outbursts  that  they  w^re  no  longer  vis- 
ible in  the  photograph.  The  straight  tongue  running  between 
the  umbr^  in  the  first  photograph  had  developed  into  an  S- 
shaped  form,  similar  in  appearance  to  a  facula  shown  in  our 
photographs  of  the  great  February  Sun-spot  when  on  the  east- 
ern iikxib.  Brilliant  forms  had  also  appeared  to  the  northwest  of 
the  northern  umbra,  and  the  disturbance  extended  over  an  area 
of  about  four  billion  square  miles. 

Unfortunate!}*  no  more  exposures  were  made  until  1*'  21™,  when 
eleven  photogi'aphs  of  the  spectrum  of  various  parts  of  the  spot 
region  showed  nothing  out  of  the  ordinanl^  A  photograph  of 
the  Sun  exposed  at  1^'  41"\  and  another  at  1''  50"'  show  the  forms 
of  the  great  region  of  faculae  surrounding  the  spot  to  be  the 
same  as  they  were  before  the  disturbance,  which  had  now  com- 
pletely disappeared. 

M}^  visual  observations  were  few,  for  until  toward  the  end  of 
the  disturbance  I  did  not  know  of  its  existence,  About  (V*  45*"; 
however,  I  observed  the  C  line  in  the  spectrum  of  the  spot  and 
found,  at  some  cfSstance  to  the  west  of  the  group,  that  the  rever- 
sals were  so  brilliant  that  the  forms  could  be  very  w^ell  seen  with 
the  slit  quite  widely  opened.  A  sketch  of  these  forms  was  made 
at  this  time  by  my  assistant,  Mr.  G.  Duwalt,  who  informs  me 
that  he  happened  to  glance  at  the  projected  image  of  the  spot 
diu'ing  the  time  of  disturbance,  but  noticed  no  unusual  appear- 
ance. 

The  fact  that  the  facula?  surrounding  the  spot  were  not  mate- 
rialh'  changed  in  form  by  the  disturbance  seems  to  me  to  indicate 
that  the  phenomenon  occurred  in  a  region  higher  above  the  pho- 
tosphere than  that  occupied  by  the  facula^:  in  other  words,  we 
seem  to  be  dealing  with  an  extremely  brilliant  eruptive  prorai- 
nence,    Mr.  Carrington  came  to  a  somewhat  similar  conclusion 
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in  regard  to  the  two  brilliant  objects  seen  by  him,  which  were 
much  inferior  in  size  to  the  phenomena  we  are  now  considering, 
but  probably  much  brighter.  In  the  Monthly  Notices  for  Novem- 
ber, 1859,  he  says:  "It  was  impossible,  on  first  witnessing  an  ap- 
pearance so  similar  to  a  sudden  conflagration,  not  to  expect  a 
considerable  result  in  the  way  of  alteration  of  the  details  of  the 
group  in  which  it  occurred ;  and  I  was  certainly  surprised,  on  re- 
ferring to  the  sketch  which  I  had  carefully  and  satisfactorily  (and 
I  may  add  fortunately)  finished  before  the  occurrence,  at  finding 
myself  unable  to  recognize  any  change  whatever  as  having  taken 
place.  The  impression  left  upon  me  is  that  the  phenomenon  took 
place  at  an  elevation  considerably  above  the  general  surface  of 
the  Sun,  and,  accordingly,  altogether  above  and  over  the  great 
group  in  which  it  was  seen  projected."  Mr.  Carrington  goes  on 
to  add :  **  Both  in  figure  and  position  the  patches  of  light  seemed 
entirely  independent  of  the  configuration  of  the  great  spot,  and 
of  its  parts,  whether  nucleus  or  umbra."  With  this  point  my 
own  observation  does  not  fiilly  agree,  for  the  first  outbreak  oc- 
curred  exactly  on  the  line  of  separation  of  the  two  umbrse,  where 
it  would  not  be  likely  to  be  projected  by  chance  alone.  I  am  in- 
clined to  think  that  the  luminous  phenomenon  had  its  origin  in 
the  spot  region,  and  was  eruptive  in  character. 

I  have  as  yet  received  no  information  in  regard  to  the  magnetic 
record  at  the  time  of  disturbance. 

Kenwood  Astro-Physical  Observatory, 
Chicago,  July  16,  1892. 
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All  articles  and  correspondence  relating  to  sjxxrtroscopy  and  other  subjects 
properly  inclnded  in  Astro-Physics,  should  \ye  addressed  to  George  E.  Hale.  Ken- 
wood Astro-Physical  Observatory'.  Chicago,  U.  S.  A.  Authors  of  papers  are  re- 
quested to  refer  to  page  640  for  information  in  regard  to  illustrations,  reprint 
copies,  etc. 

The  Spectra  of  Snn-Spots  and  the  Chromosphere.— Ever>' one  interested  in  solar 
work  will  be  glad  to  learn  that  Professor  C.  A.  Young  has  resumed  his  syDectro- 
scopic  investigations  on  the  Sun,  with  the  large  sj)ectroscopc  described  in  the 
April  namber  of  this  journal.  The  grating  used  with  this  instrument  has  20,000 
lines  to  the  inch,  and  is  characterized  by  Professor  Young  as  '*on  the  whole  the 
best  grating  I  have  ever  seen,  and  vcrj'  near  to  ideal  j)erfection."  In  a  recent 
letter  be  adds:  '*  I  am  going  over  my  old  observations  of  prominence  and  spot 
spectra,  to  fix  the  positions  of  the  lines  with  accuracy,  and  review  the  identifica- 
tions of  elements  present.  The  recent  work  of  Rowland  throws  a  flood  of  light 
on  these  spectra.    One  interesting  result  is  the  conspicuousness  of  Vanadium  in 


the  spt^trum  of  Sun-spots.  Between  C  and  D  every  one  of  the  28  line*  of  that 
metal  found  in  that  region  of  the  si^ectrura  is  made  conspicuous  in  the  »pot- 
spcctrum»  although  almost  evanesccntly  faint  in  the  photosphere,  I  have  not  vet 
had  time  to  carry  the  comparison  clear  through  the  other  regions  of  the  spec- 
trum. While  I  am  about  it  I  might  note  also  that  1  ha\'e  l>een  able  to  fix  accu* 
rately  the  wave-iength  of  the  first  line  in  the  Chromosphere  Catalogue,  hy  com- 
paring it  in  the  second  and  third  order  sj^cctrum  with  the  underlying  spectra  of 
the  third  and  fourth  order:  it  comes  out  7065-5  ±  0.05,  instead  of  7055  ?  as 
given  in  the  old  catalogue.  It  falls  in  a  place  where  direct  compmrison  was  not 
possible  with  any  wave-length  map.  and  the  identification  on  the  prismatic  majis 
was  extremely  difficult  and  uncert.iin  because  of  the  continually  varying  apiJcar- 
ance  of  the  atmospheric  lines  among  which  it  is  situated/* 

Professor  Voung  has  also  secured  a  number  of  ]jhntographs  of  S«n-s|*ot  and 
chromosphere  spectra,  and  two  positives  on  glass  of  the  chronii*#i|jhcie  sjieeirum 
which  we  have  recently  received  from  him  arc  l^eautifully  sharp.  One  of  these 
shows  the  hydrogen  ^t^  line  {X  3880)  clearly  double,  and  thus  confirms  the  results 
on  this  point  obtained  at  the  Kenvvoud  Oliservatory,  The  line  ts  certainly  noi 
always  double,  but  very  freriuently  so.  The  double  reversal  of  the  H  aiid  K  liars 
in  spots,  which  was  pointed  out  in  a  paper  on  "Spectroscopic  Observations  of 
the  Great  Sun-Spot  of  February,  1892."  in  the  April  numlier  of  Astkonomy  axi> 
AsTRO-PHYSics,  has  also  been  confirmed  by  Professor  Young's  photographs. 


Observation  of  a  Solar  Prominence. 

Toronto^  Canada,  June  13,  1H92. 
Fro^ssor  George  B.  Hale, 

Kenwood  Astro-Physical  Oli»ervator>%  Chicago. 
Dear  Sir:— 1  beg  to  direct  your  attenliun  to  a  phenomenon  observed  by  toe, 
1892.  June  12,  Ijctwecn  7''  45'**  and  8*>  2f>™  morning,  standard  lime.  1  had  just 
commenced  examination  of  the  solar  limb  in  search  of  prominences,  the  instru- 
ments employed  beitig  a  4-in.  equatorial  refractor  (VVray)  and  a  diffraction  s|iec- 
troscope  with  Rowland  t-rating.  The  slit  was  placed  tnngentiul  to  the  limb  at 
position  angle  300  approximately,  and  the  focus  adjusted  for  the  C  line.  Whrn 
the  slit  was  opened  I  at  once  noticed  a  glowing  hydrogt-n  cl«»ud  hanging  sus- 
pended above  the  chromosphere  and  entirely  detached  from  it.  U  was  mucti 
brighter  than  such  clouds  usually'  appear  and  seemed  to  roll  or  move  in  a  manner 
which  made  its  outline  indistinct  notwithstanding  its  vividnei^s.  At  the  mo- 
ment i  Httri'juted  this  to  terrestrial  atmospheric  tremors  (though  I  subsequently 
came  to  hcHeve  the  motion  reaU — and  made  several  alterations  of  focus  to  irn* 
prove  the  seeing.  In  about  five  minutes  the  outUnes  Ucame  shar|Kr  and  I  wat 
that  n  short  conical  Viody  tike  the  npf>er  j^fjrtion  of  an  eruptive  prominence  was 
now  visible  below  the  cloud,  but  still  detached  lironi  the  limb.  Cimcludinu  thut 
the  change  of  aspcrct  was  due  to  better  seeing,  I  proceeded  to  sweep  oil  round  the 
Sun's  limb  in  search  of  other  forms,  and  alter  10'*'  thus  occupied,  returned  to  the 
first  position  to  re-observe  the  obiect  I  hwd  before  noticed:  but  could  no  longer 
recognize  it  in  thelorm  which  1  then  discovered,—/,  e.  a  tall  shining  pillar-likc 
column  very  bright  and  sharply  defined.  About  5"'  were  occupied  in  carefully  ex* 
amining  the  limb  all  round  the  position  where  the  floating  cloud-mass  had  been 
seen,  to  nssure  mysilf  that  I  had  not  missed  it  by  an  erroneous  setting  of  the  cir- 
cle, but  I  was  soon  convinced  that  the  bright  pillar  occupied  the  exact  site  of  the 
other  form.  Continuing  to  obsen'c  this  column,  1  found  it  rather  rapidly  liecom* 
ing  faint  while  at  the  same  time  it  was  declining  or  bending  over.    While  it*  P.  A. 
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was  being  ascertained  with  more  exactness,  it  rapidly  diminished  in  brightness 
and  5"*  later  had  vanished  entirely.  I  however  noted  that  the  chromosphere  at 
that  point  and  for  some  degrees  on  each  side  of  it,  was  more  brilliant  and  more 
sharply  defined  than  elsewhere  round  the  limb. 

]  now  feel  convinced  that  the  fluctuations  noted  in  the  original  cloud  when 
first  seen  were  due  to  actual  motions  of  the  mass  in  the  line  of  sight,  and  not  to 
atmospheric  tremor;  and  that  the  change  in  appearance  also  really  took  place 
and  was  not,  as  I  at  the  moment  supposed,  an  improved  view  of  the  original 
form.  I  greatly  regret  that  I  did  not  continue  to  study  the  changes  it  was  un- 
dergoing, as  this  would  have  revealed  whether  the  cloud  became  actually  meta- 
morphosed into  the  pillar-like  form.  Of  course  it  may  be  said  that  the  former 
simply  faded  away  while  an  eruptive  prominence  shot  up  from  just  below  its 
site;  but  bearing  in  mind  the  size  and  density  of  the  cloud,  I  cannot  believe  that 
this  was  what  occurred.  It  seemed  to  be  taking  on  a  pillar-like  form  while  I 
viewed  it,  an  idea  which  passed  through  my  mind  at  the  moment,  but  unfor- 
tunately did  not  deter  me  from  prosecuting  the  preliminary  sweep  for  other 
forms  so  that  no  measurements  or  spectroscopic  study  with  a  narrow  slit  were 
made. 

I  should  much  like  to  know  whether  any  of  these  phenomena  were  seen  or 
photographed  at  your  Observatory  on  the  occasion  in  question.  During  the  ten 
years  in  which  I  have  made  spectroscopic  examination  of  the  chromosphere 
forms  a  special  study  (so  far  as  my  rather  limited  leisure  will  allow)  I  have  seen 
many  gaseous  or  metallic  uprushes  gradually  spread  out  into  cloudy  forms,  but 
never  the  converse.  However,  in  this  instance,  I  almost  believe  that  by  a  whirl- 
ing action  the  rioud  was  gathered  together  and  drawn  down  to  the  solar  surface. 

I  trust  you  will  pardon  this  lengthy  communication  which  I  am  encouraged 
to  send  in  view  of  your  having  expressed  to  the  Astronomical  and  PhysicaT 
Society  of  Toronto  a  'desire  to  hear  of  spectroscopic  observations  made  by  the 
members.  Respectfully  yours,  A.  P.  Miller. 


Son-Spots  and  Magnetic  Storms. 

Salt  Lake  City,  Utah,  July  13th,  1892. 
Prohssor  George  E.  Hale,  Chicago,  III. 

Dear  Sir  :— The  two  tables  of  dates  of  large  Sun-spots  and  magnetic  storms 
as  published  in  June  Astronomy  a.no  Astro-Physics  confirms,  it  seems  to  me,  the 
theory  advanced  b\-  the  late  Professor  Tice.  of  St.  Louis,  in  support  of  his  Elec- 
tro-magnetic Planetary  Theorj'  of  Meteorology,  namely,  that  the  Sun  and 
planets  are  electrically  and  magnetically  disturbed  when  the  one  passes  through 
the  equatorial  plane  of  the  other  and  also  when  the  one  makes  its  nearest  ap- 
proach to  the  poles  of  the  other,  which  of  course  would  be  90^  from  the  nodes 
on  the  plane. 

Some  months  ago,  Professor  C.  A.  Young  had  the  kindness  to  furnish  me 
with  a  table  of  the  heliocentric  position  of  the  nodes  of  the  various  planets  on 
the  solar  equator.  These  values  he  says  are  based  on  Carrington's  estimate  of 
the  Sun*s  inclination  to  the  ecliptic  and  are  as  follows:  Mercury,  145°  13'; 
Venus.  Tl'^*  52';  Earth,  73°  28';  Mars,  79°  18';  Jupiter,  68°  12';  Saturn,  53°  03'; 
Uranus.  73«»  30':  Neptune,  60°  11'. 

By  comparing  the  dates  as  given  in  the  above  mentioned  tables  with  the 
heliocentric  position  of  the  planets  (especially  of  Mercury  and  Venus)  on  those 
dates,  I  find  that  in  a  majority  of  cases  the  planets  were  either  directly  at,  or, 
at  least,  very  near  their  solar  nodes,  or  at  their  greatest  declination  from  the 
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plane  of  its  equator.  I  herewith  enclose  a  tabic  of  dates  combined  from  the  two 
tables  above  mentioned  with  the  approximate  position  of  the  planets  on  or 
about  those  dates,  and  yon  can  see  for  yourself  whether  there  is  a  relation  be- 
tween the  two  events  or  not.  There  is  no  doubt  in  my  mind,  but  that  therr  is  a 
relation^  and  that  the  passage  of  a  planet  through  its  solar  nodes  is  the  direct 
use  of  many  solar  disturbances  and  all  its  accompan3*ing  phenomena* 
I  would  like  to  investigate  the  matter  further  but  I  liave  not  the  neeessarir 
data,  and  would  suggest  that  Mr.  Maunder  or  others  that  may  have  access  to 
the  magnetic  records  and  other  data  would  investigate  further  by  comparing  the 
position  of  the  planets  tn  res[>ect  to  the  solar  equator  and  poles  and  solar  dis- 
turbances, and  I  firmly  believe  that  the  mooted  relation  would  be  shown  to 
exist.  Yours  truly.  F,  H.  Hesse. 


1880 

1881, 
♦* 

1882. 


1884. 


1885, 


Aug.  12. 
Jan.  31. 
Sept.  12. 
Apr.  16. 
**  20. 
Oct.      2. 


Nov. 
1883,    Apr. 


July    11. 

*       2». 

Sept.  IT. 

Oct.    16. 

"  20. 
Nov.     1. 

'*  19. 
Mar,  2, 
Apr.  24.. 

'*  30. 
July  2. 
Oct.  1. 
Nov.  2. 
Jan.  23, 
Feb.     5. 


i  102''  on  13th.    ^  325°  on  16  th. 

w  72°  on  29th.     i  325^  on  Slst. 

;  72**  on  12th. 

Q  325°. 

:  325^  on  16th.     .  72^  on  24th. 

i  342°  on  9th. 

Saturn  53°  03    on  25th. 

^  325^. 

:  55*  on  21st. 

:  325^ 

i  72'^  on  17Lh. 

1?  145"=*  on  Aug.  2d. 

:  55^onUth.    ,f  79^onlUh. 

^^  145"^  Oct   29th.    2  252°  on  6th. 

g  235^  on  23d. 

e    343^  on  3d.     v  72**  on  Feb  27th. 

Q  145^  on  22d.     ^  162^  on  22d.     5  169^  on  25th, 

f  169^  on  25th. 

V  55^  on  4th. 

:  55^  on  Sept.  20th. 

?  259^^  on  Oct.  2Sth, 

i  252°  on  28th. 

0  235^. 


1886. 
1891, 
1892. 


Mar.  15. 
Mav  26. 
June  24. 
July  IS 
Mar.  30. 
Nov.  22, 
Feb.  13. 


72^  on  2lst. 

55"^  on  20lh. 
162^  on  16th. 
145^  on  27th. 


IX  158^.12  on  25th. 


As  the  true  inclination  of  the  Sun  is  not  exactly  known,  the  given  value  of 
the  nodes  may  be  several  degrees  in  error.  F.  H,  H. 


Mr,  S.  W.  Bumliain  returns  to  Chicago.— Chicago  astronomers  axe  ucjigiited 
to  welcome  Mr.  Bumham  back  to  his  old  home  after  his  absence  of  some  years  at 
the  Lick  Observatory.  Though  in  Ixfcoming  clerk  of  the  l*.  S.  Circuit  court  in 
this  city,  Mr.  Buniham  retires  from  professional  work  in  astronomy,  we  trust 
that  his  observing  days  arc  by  no  means  over,  and  that  he  will  add  many  uor 
other  dtihcult  pair  to  his  long  list  of  double-stnr  discoveries. 
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Dr.  Henry  Crew's  Slection  as  Professor  of  Physics  in  Northwestern  University.— 
It  is  with  no  less  pleasure  that  we  learn  from  Dr.  Henry  Crew,  recently  Mr. 
Bnmham's  colleague  at  the  Lick  Observatory,  that  he  has  accepted  the  position 
of  Professor  of  Physics  in  Northwestern  University.  Astronomical  and  spectro- 
scopic work  in  Chicago  will  receive  fresh  impetus  from  the  accession  of  two  such 
well-known  investigators  as  Mr.  Burnham  and  Professor  Crew. 


Kagnetic  Disturbances  and  Auroras.— We  have  received  from  the  U.  S.  Naval 
Observatory  copies  of  the  records  of  the  more  important  magnetic  perturbations 
during  the  first  half  of  1892.  These  occurred  on  Jan.  5,  29 ;  Feb.  2,  3,  13 ;  March 
1,  2,  3,  4,  5,  6,  12;  April  26;  May  1,  18.  A  comparison  with  the  solar  photo- 
graphs obtained  at  the  Kenwood  Observatory  brings  out  several  points  of  in- 
terest, which  will  be  published  in  the  near  future. 

On  July  13  and  16  auroras  were  observed  at  the  Kenwood  Observatory,  in 
connection  with  the  magnetic  storm  which  the  telegraph  companies  report  as 
more  or  less  troublesome  during  nearly  the  whole,  of  the  preceding  week.  The 
aurora  of  July  16  was  in  every  respect  a  remarkable  one.  About  9**  35"  p.  M. 
(Chicago  Mean  Time)  a  broad  arc,  pale  green  in  color,  was  seen  extending  from 
N.  E.  to  N.  W.  about  15°  above  the  horizon  at  its  highest  point.  Soon  long 
shafts  of  light  shot  upward  from  the  arch,  and  these  coalescing,  filled  the  entire 
northern  sky  with  a  brilliant  dome  of  light  which  terminated  abruptly  about  15^ 
south  of  the  zenith.  The  arch  had  now  disappeared,  and  about  9^  55™  the 
whole  northern  sky  was  aflame  with  brilliant  streamers,  which  flashed  and  pul- 
sated continually.  The  flashes  were  such  that  small  luminous  masses  seemed  to 
be  thrown  through  the  air,  from  north  to  south.  This  was  at  first  most  brilliant 
in  the  N.  E.,  but  soon  grew  fainter  there,  and  became  more  noticeable  in  the  N.  W. 
At  about  10*»  13°*  the  long  greenish  arch  appeared  again,  with  straight  stream- 
ers rising  from  it,  which  moved  slowly  toward  the  west.  A  pink  tinge  now 
spread  over  the  whole  northern  sky.  At  lO'*  17™  the  arch  and  pink  color  were 
much  fainter,  and  at  10*»  22™  the  aurora  had  almost  completely  disappeared. 

There  seems  to  be  every  reason  to  attribute  these  magnetic  perturbations  and 
auroral  displays  to  the  Sun-spot  in  remarkably  high  southern  latitude  which  is 
now  nearing  the  western  limb.  But  though  the  spot  has  shown  exceptional  ac- 
tivity during  the  entire  time  of  its  transit  across  the  disc,  it  is  strange  that  the 
remarkable  phenomenon  in  the  spot  photographed  at  the  Kenwood  Observa- 
tory on  July  15,  and  described  on  another  page,  should  not  have  been  accom- 
panied by  some  violent  magnetic  disturbance.  In  answer  to  a  telegraphic  in- 
quiry addressed  to  the  U.  S.  Naval  Observatory  on  July  15,  I  have  received  the 
following  answer,  dated  July  16:  "  Disturbance  on  twelfth  and  thirteenth;  one  in 
progress  now;  none  on  fifteenth  at  eleven:  will  send  prints  of  record  by  m«iil. 
S.  J.  Brown,  in  charge  Magnetic  Observatory."  The  prints  have  not  l^een  re- 
ceived as  we  go  to  press. 


Lewis  Morris  Rutherford. —The  death  of  Mr.  Rutherfurd,  which  occuired  on 
May  30,  1892,  will  be  deeply  regretted  by  all  who  know  of  his  important  part  in 
the  advancement  of  science.  A  pioneer  in  astro-physical  investigation,  Mr. 
Rotherfurd's  success  in  the  study  of  stellar  and  solar  spectra,  in  solar,  lunar  and 
stellar  photography,  and  in  the  manufacture  and  use  of  the  beautiful  diffraction 
gratings  which  he  distributed  with  so  liberal  a  hand,  has  given  him  an  honorable 
and  a  lasting  place  in  the  history  of  astronomy.  When  it  is  remembered  that  his 
photographs  of  bpectra  and  of  celestial  objects  are  hardly  surpassed  to-day,  after 
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the  rcitiarkabk  improvenients  in  pboto^apbtc  proeesses  wbichhave  been  brottght 
about  diarm^  the  intervening  years,  we  may  in  some  degree  appreciate  what  it 
meant  to  obtain  such  results  in  the  days  when  the  spectroscope  was  a  new  instm- 
ment  and  photography  an  almost  unknown  art.  In  the  next  number  of  Astron- 
omy AND  Astro-Phvsics  we  hope  to  give  an  articJe  on  Mr,  Rut  her  Curd's  lite  and 
work. 

Since  the  note  on  the  Ultra-Violet  S|.)ectruni  cjf  Stilar  Prominences  (pa]^c  602) 
was  written  I  have  succeeded  in  photog^rapbing  the  followin^j^  hright  lines  in  me- 
talic  prominences  and  in  the  chromosphere,  the  color  correction  of  the  new  ubjee* 
tive  assisting  very  materially  in  the  more  refrangible  part  of  the  spectrum.  As  in 
the  preceding  table,  lines  not  previously  known  arc  marked  with  an  asterisk  : 
Lines.  Elements, 

'3737.2 

3721,9 
•3720.0 

3711.8 
•37tH.O 
•3697.4. 
•3691.5 
•36S6.7 

3685,3 

The  lines  3704.0,  3697.4,  3691.5  and  3686.7  are  considered  to  belong  to  the 
hydrogen  series,  as  they  agree  closely  with  the  values  calculated  from  Balmer's 
law.  New  lines  arc  suspected  at  3820.6  and  3745.6  Most  of  the  above  wave* 
lengths  are  to  be  regarded  as  approximate  only. 

The  two  tables  taken  together  constitute  a  complete  catalogue  of  the  ultra* 
violet  prominence  spectrum  so  far  as  Known.  The  hydrogen  series  may  be  further 
extended,  and  many  more  metallic  lines  added,  as  the  maximum  period  of  solar 
activity  is  approached. 

July  26,  1892. 


Hydrogen  (i/,) 
Hvdrogen  (^i) 


Errata.— p.  64,  column  5  in  table;  for  "  Ascent  per  sec.  of  time/'  read  '^Asceat 
per  30  sec.  of  time." 

p,  433»  last  part  of  table  should  rc«d : 

5197  Line  itself  not  seen.    Prominence  only. 

5188.2 

fc,,  6g,  6g.  />4  Exceed inj^ly  bright. 

5019.3  Ti;  in  thts'line  the  prominence  is  about  3  tiroes  as  bright 

as  in  the  next. 
5016,6  Ni. 

4945.5  Fe? 

10*  38"  4923.1  Fe:  40" :D;  about  3  times  as  bright  in  this  line  as  in  tbc 

next. 
4921, 


Visibility  of  Venus.— Mr.  A.  Cameron,  of  Yarmouth.  Nova  Scotia,  writes  that 
he  was  able  to  see  Venus  with  the  naked  eye  easj  at  12^  30™  p.  u.,  J0I5'  6,  three 
days  liefore  conjunction.  The  planet  was  only  6.5*^  distant  from  the  Sun.  In  a 
pamphlet  recently  published  Mr.  Cameron  ditsM^usses  the  question  of  the  visibility 
of  Venus  and  finds  that  it  is  possible  to  get  glimpses  of  the  planet  without  itistro- 
mental  aid  on  at  least  552  out  of  the  584  days  of  her  synodical  period. 

Mr.  F.  P.  Leavenworth  has  resigned  his  position  as  director  of  Baverford 
College  Observatory  to  accept  that  of  Professor  of  Astronomy  in  the  University 
of  Minnesota. 
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PLANET    NOTES    FOR    AUGUST    AND    SEPTEMBER. 


H    C.  WILSON. 


Mercury  will  be  "morning  star"  during  September,  reaching  greatest  western 
elongation  Sept.  11.  It  will  be  visible  to  the  naked  eye  for  a  few  mornings  about 
that  time.  To  see  it  one  should  look  toward  the  east,  a  little  above  the  horizon, 
about  an  hour  before  sunrise.  In  October  the  planet  will  be  invisible  with  small 
telescopes,  passing  superior  conjunction  Oct.  7. 

Venus  will  also  be  "morning  star"  during  these  months,  blazing  with  a  bril- 
liancy equal  to  that  which  she  had  in  the  evening  sk^'  during  April  and  May. 
She  passes  greatest  elongation  west  of  the  Sun  Sept.  18.  After  that  time  she  will 
move  slowly  toward  the  Sun  but  will  be  visible  in  the  morning  for  several 
months.  Venus  will  be  in  conjunction  with  the  Moon,  7°  36'  south,  Sept.  16,  at 
3h  56in  p^  ji^^  Central  time,  and  again,  4°  27'  south  of  the  Moon  Oct.  16  at  9  a.  m- 

Mars  will  begin  to  rise  rapidl3'  in  declination  in  September  and  so  come  into 
better  position  for  observation  in  northern  latitudes,  although  receding  from  the 
earth  so  that  his  apparent  diameter  will  be  less.  He  will  be  stationary  in  right 
ascension,  at  the  west  end  of  the  loop  in  his  path  in  Capricomus  (see  May  num- 
ber, p.  439).  Mars  is  a  brilliant  object  in  the  heavens  nowadays,  rivalling  Jupi- 
ter and  Venus  in  splendor.  We  had  an  excellent  view  of  this  planet,  through  Pro- 
fessor Hale's  12-iuch  refractor  at  Kenwood  Physical  Observatory,  on  the  mom- 
ioiC  of  Jaly  6.  The  southern  p3lar  cap  was  very  large  and  sharply  defined,  the 
oatline  of  the  nearer  side  appearing  as  a  perfect  ellipse.  There  was  another 
white  area  just  south  of  it,  near  the  east  limb  of  the  planet.  One  of  the  great 
continents  was  on  the  meridian  and  the  seas  bounding  it  on  the  south  and  west 
were  very  distinct,  their  dark  greenish  blue  color  contrasting  strongly  with  the 
brick  red  of  the  land.  Although  dark  shadings  were  seen  on  the  reH  areas  no  fine 
lines  correspjaiin^  to  the  **canals"  w^re  seen.  Wi  had.  howerer,  only  a  few 
minutes  to  sp*nd  in  this  examination,  and  lon>^er  looking  might  have  brought 
out  much  more  of  detail. 

There  will  be  an  occultation  of  \I\rs  by  the  Mion  on  S^pt  4-.  visible  through- 
out the  United  States  beginning,  as  seen  from  Washington,  at  l**  30'"  a.  m  eastern 
time,  12^  30"  central  time,  and  ending  at  2**  l-t*"  a.  m.,  eastern  time,  1**  14™ 
central  time. 

On  the  mirningof  October  25,  at  4-*»  4-1"'  central  time.  Mars  will  approach 
very  near  to  the  third  magnitude  star  <^  Capricorni.  In  some  localities  an  occul- 
tation  of  the  star  by  the  planet  may  be  seen. 

Jupiter  comcH  to  op|K)sition  Oct.  12,  and  so  during  these  months  will  be  in 
excellent  position  for  observation.  For  chart  of  bis  path  through  the  constella- 
tions see  June  number,  p.  530.  As  Jupiter  this  year  is  from  5^  to  8^  north  of  the 
equator  he  is  much  better  situated  for  observation  than  during  last  year. 

Jupiter  will  be  in  conjunction  with  the  Moon  Sept.  9  at  7  a.  m.  There  will  be 
an  occultation  of  the  planet  seen  from  the  equatorial  regions  of  the  Pacific  Orean 
and  the  southwestern  part  of  the  United  States.  There  will  be  another  occulta- 
tion of  Jupiter,  Oct.  6,  visible  in  Asia. 

Saturn  is  too  nearly  in  line  with  the  Sun  for  observation  during  the  months 
of  September  and  October.    He  will  be  at  conjunction  on  Sept.  25. 
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Uranus  will  also  be  too  near  the  Sun.    He  comes  to  conjunction  Oct.  29. 
Neptune  will  be  at  quadrature,  90®  east  from  the  Sun,  Sept.  3, and  may  be  ob- 
served after  midnight.    He  is  in  Taurus  about  5°  northeast  ol'  Aldebaran. 


Date.  R.  A. 

1892.  h        m 

Sept.    5  ....  9  58.9 

15 10  34.0 

25 11  37.5 

Oct.      5 12  42.8 

15 13  44.7 

25 14  45.0 

Sept.    5 7  58.2 

15 8  35.9 

25 9  16.4 

Oct.     5 9  58.5 

15 10  41.3 

25 11   24.5 

Sept.    5 20  44.4 

15 20  47.8 

25 20  56.0 

Oct.      5 21  08.6 

15 21   24.2 

25 21  42.3 

Sept.    5 1  31.4 

15 1  28.1 

25 1  23.9 

Oct.      5 1  19.2 

15 1  14.1 

25 1  09.3 

Sept.    5 12  06.4 

15 12   lO.S 

25 12   15.3 

Oct.      5 12   19.9 

15 12  24.3 

25 12  28.7 

Sept.    5 14  05.2 

15 14  07.0 

25 14  09.1 

Oct.      5 14   11.3 

15 14   13.7 

25 14  16.2 

Sept.    5 4  39.9 

15 4  40.0 

25 4  39.8 

Oct.      5 4  39  4 

15 4  38.8 

25 4  37.9 

Sept.    5 10  59.4 

15 11    35.3 

25 12   11.2 

Oct.      5 12  47.4 

15 13  24.3 

25 14  02.2 


MERCURY. 

Dccl. 

Rises. 

Transits. 

Sets. 

o 

' 

h   m 

h    m 

h  tn 

+  11 

04 

4  10  A.  M. 

10  58.0  A.  M. 

5  46  P.  M. 

+  10 

20 

4  07  " 

10  53.7  " 

5  38  " 

+  4 

28 

5  57  " 

11  17.6  " 

5  39  ** 

-  3 

08 

5  52  •* 

11  43.3  '* 

5  34  " 

-  10 

32 

6  44  •* 

12  05.7  p.  m. 

5  27  " 

-16 

51 

7  32  " 
VENUS. 

12  26.5  ** 

5  21  '* 

+  17 

13 

1  43  A.  M. 

8  57.4  A.  M. 

4  12  P.  M. 

+  16 

14 

1  46  ** 

8  55.8  *• 

4  06  " 

+  14 

28 

1  55  ** 

8  56.8  ** 

3  59  " 

+  11 

56 

2  08  •• 

8  59.5  •* 

3  51  " 

+  8 

43 

2  25  " 

9  02.9  ** 

3  41  ** 

+  ^ 

57 

2  44  ** 
MARS. 

9  06.7  *' 

3  30  " 

-  23 

58 

5  21  P.  M. 

9  41.5  p.m. 

2  02  A.M. 

-  23 

05 

4  40  •* 

9  05.6  ** 

1  31  *' 

-  21 

50 

4  03  •• 

8  3t.6  •* 

1  06  " 

-  20 

17 

3  29  '* 

8  07.7  •* 

12  46  " 

-  18 

30 

2  57  '* 

7  44.0  •• 

12  31  •* 

-  16 

29 

2  27  *' 
JUPITER. 

7  22.7  ** 

12  19  ** 

+  7 

53 

7  53  p.  M. 

2  27.7  A.  M. 

9  02  a.m. 

+  7 

32 

7  12  *• 

1  45.2  ** 

8  18  " 

+  7 

06 

6  30  *' 

1  01.7  ** 

7  33  " 

+  6 

37 

5  48  " 

12  17.6  " 

6  47  " 

—  6 

07 

5  06  »• 

11  33.3  p.m. 

6  01  *• 

+  5 

38 

4  24  •' 

SATURN. 

10  49.1  *• 

5  15  *• 

+  1 

38 

6  55  A.  M. 

1  05.0  p.m. 

7  15  p.m. 

+  1 

09 

6  22  " 

12  30.0  " 

6  38  ** 

+  0 

42 

5  50  '• 

11  56.1  A.M. 

6  02  ** 

+  0 

10 

5  17  •' 

11  212  " 

5  25  '• 

-   0 

18 

4  44  •* 

10  46  4  •* 

4  49  '• 

-  0 

45 

4  11  ** 

URANUS. 

10  11.4  •• 

4  12  *• 

-  12 

13 

9  49  A.  M. 

3  03  8  p.  m. 

8  18  p.m, 

-  12 

23 

9  12  •' 

2  25.9  '• 

7  40  ** 

-  12 

34 

8  36  •• 

1  49.1  •' 

7  02  *• 

-  12 

46 

8  00  " 

1  11.6  *• 

6  24  " 

^  12 

58 

7  24  •• 

12  35.0  ** 

5  46  " 

-  13 

11 

6  44  •' 
NEPTUNE. 

11  54.1  A.M. 

5  04  " 

+  20 

36 

10  05  p.m. 

5  35.7  A.  m. 

1  06  p.m. 

+  20 

36 

9  26  •' 

4  56.5  " 

12  27  '* 

+  20 

35 

8  47  " 

4  17.0  " 

11  47  A.M. 

-h  20 

34 

8  07  *• 

3  37.3  '• 

11  08  •» 

+  20 

32 

7  27  •* 

2  57.3  " 

10  27  ** 

4-20 

30 

6  47  *• 
THE  SUN. 

2  17.2  '* 

9  47  •* 

+  6 

28 

5  28  a.m. 

11  58.3  a.m. 

6  28  p.m 

+  2 

40 

5  40  " 

11  54.8  " 

6  10  *• 

-  1 

13 

5  52  *' 

11  51.4  * 

5  51  •• 

-  5 

06 

6  04  ** 

11  48.2  *• 

5  32  *• 

-  8 

53 

6  16  •• 

11  45.6  '* 

5  15  " 

-  12 

26 

6  30  *• 

11  44.1  »* 

4  59  " 

Current  Celestial  Pbenomtna. 
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Jupiter's  Satellites. 


:.  1 

12 

47  A.  M. 

I 

Oc.  Re. 

6 

53  p.  M. 

I 

Sh. In. 

7 

52     " 

I 

Tr.  In. 

9 

07     *• 

I 

Sh.  Eg. 

10 

04     " 

I 

Tr.  Eg. 

2 

7 

14     *• 

I 

Oc.  Re. 

11 

40     •* 

III 

Sh.  In. 

3 

2 

07  A.  M. 

HI 

Sh.  Eg. 

3 

49    " 

III 

Tr.  In. 

5 

3 

08    •* 

II 

Sh.  In 

6 

7 

07  P.  M. 

III 

Oc'.  Re. 

10 

07     *• 

II 

Ec.  Dis. 

7 

2 

16  A.  M. 

II 

Oc.  Re. 

2 

18     " 

I 

Sh.  In. 

3 

11      " 

I 

Tr.  In. 

4 

32     " 

I 

Sh.  Eg. 
Ec.  Dis. 

11 

31  p.  M. 

I 

8 

2 

33  A.  11. 

I 

Oc.  Re. 

7 

01  P.  M. 

II 

Sh.  Eg. 

8 

36     •' 

11 

Tr.  Eg. 

8 

47      " 

I 

Sh.  In. 

9 

38     •* 

I 

Tr.  In. 

11 

01     " 

I 

Sh.  Eg. 

11 

50     " 

I 

Tr.  Eg. 

9 

8 

59     •* 

I 

Oc.  Re. 

10 

3 

42  A.  M. 

III 

Sh.  In. 

13 

7 

50  P.  M. 

III 

Ec.  Re. 

8 

47     '* 

III 

Oc.  Dis. 

10 

31     " 

III 

Oc.  Re. 

li 

12 

42  A.  M. 

II 

Ec.  Dis. 

4 

12     " 

I 

Sh.  In 

4 

33     *• 

II 

Oc.  Re. 

15 

1 

26     " 

I 

Ec.  Dis. 

4 

18     " 

I 

Oc.  Re. 

7 

05  P.  M. 

II 

Sh. In. 

8 

30     " 

II 

Tr.  In. 

9 

38     •• 

II 

Sh.  Eg. 

10 

41      " 

I 

Sh.  In. 

10 

55     •' 

II 

Tr.  Eg. 

11 

23      " 

I 

Tr.  In. 

16 

12 

55  A.  M. 

I 

Sh.  Eg. 

2 

35      •• 

I 

Tr.  Eg. 

7 

55  P.  M. 

I 

Ec.  Dis. 

10 

44     *• 

I 

Oc.  Re. 

17 

7 

24     *• 

I 

Sh.  Eg. 

8 

01    •• 

I 

Tr.  Eg. 

20 

9 

40     *• 

III 

Ec.  Dis. 

11 

50     " 

III 

Ec.  Re. 

21 

12 

08  A.  M. 

III 

Oc.  Dis. 

1 

52     " 

III 

Oc.  Re. 

3 

17     *' 

II 

Ec.  Dis. 

22 

3 

21     ** 

I 

Ec.  Dis. 

9 

43  p.m. 

II 

Sh.  In. 

10 

47     •* 

II 

Tr.  In. 

23 

12 

17  a.m. 

II 

Sh.  Eg. 

12 

35     " 

I 

Sh.  In. 

1 

07     ** 

I 

Tr.  In. 

1 

12     '* 

II 

Tr.  Eg. 

2 

48     " 

I 

Sh.  Eg. 

3 

18     •* 

I 

Tr.  E^. 
Ec.  Dis. 

9 

49  P.  M. 

I 

24 

12 

29  a.m. 

I 

Oc.  Re. 

7 

04  p.m. 

I 

Sh. In. 

Sep.  24   7 

7 

9 

9 

25   6 

28   1 

30  12 

1 

2 

2 

2 

3 

11 

Oct.  1   2 

6 

6 

7 

8 

9 

10 

11 

11 

2  6 
8 

3  5 
5 

7  2 
3 
4 
4 

8  1 
3 
7 
8 
9 

10 
10 
10 
10 

9  12 

1 
1 
8 
10 
5 
5 
6 
6 


10 


15  3 
11 
11 

16  12 
12 
12 

1 
2 
2 
2 
3 
9 

17  12 


33  p.  M. 
55  " 
17  " 
45  " 
55  " 
42  a.m.  II 


21  ••   I 

03  *    I 

30  " 

51  " 

54  "   I 

28  •*   I 

44  p.  M. 

13  A.  M. 

07  p.m.  II 


19 

24 

34 

39 

57 

47  P. 

27 

45 

07 

15 

53 

59 

22  a. 

06 

11 

08  p. 

23 

21 

25 

51 

53 

34 

37 

29  a. 

41  P. 

50 


M.  II 

II 

I 

II 

II 


M. 

M.  II 
II 

09  A.  M.  I 
42 
47 
33 
08 
46 
54 
00 

55  P.  M. 
13  A.  M. 


59 
10 
58 
17 
09 
11 
29 
13 
39 
40 
55 
59  A.  M.  I 


Tr.  In. 
Oc.  Re. 
Sh.  Eg. 
Tr.  Eg. 
Oc.  Re. 
Ec.  Dis. 
Sh.  In. 
Tr.  In. 
Sh.  In. 
Tr.  In. 
Sh.  Eg. 
Tr.  Eg. 
Ec.  Dis. 
Oc.  Re. 
Sh.  Eg. 
Tr.  Eg. 
Ec.  Dis. 
Sh.  In. 
Tr.  In. 
Oc.  Re. 
Sh.  Eg. 
Tr.  Eg. 
Ec.  Dis. 
Oc.  Re. 
ShEg. 
Tr.  Eg. 
Sh.  In. 
Tr.  In. 
Sh.  In. 
Tr.  In. 
Ec.  Dis. 
Oc.  Re. 
Sh.  In. 
Tr.  In. 
Ec.  Dis. 
Sh  Eg. 
Tr.  Eg. 
Sh.  In. 
Tr.  In. 
Oc.  Re. 
Sh.  Eg. 
Tr.  E^. 
Ec.  Dis. 
Oc.  Re. 
Sh.  In. 
Tr.  In. 
Sh.  Eg. 
Tr.  Eg. 
Sh.  Eg. 
Tr.  Eg. 
Oc.  Dis. 
Tr.  In. 
Sh.  In. 
Oc.  Dis. 
Tr.  In. 
Sh.  In. 
Tr.  Eg. 
Sh.  Eg. 
Ec.Re. 
Tr.  Eg. 
Sh.  E^. 
Oc.  Dis. 
Ec.  Re. 
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Oct.  17 


18 
23 


24 
24 


6 
6 
7 
7 
9 
9 
9 
9 
6 
2 
2 
2 
2 
3 
11 
2 
8 
8 


42  P.  M. 
66     *• 

08  " 
16     •' 

09  •• 

20  " 

28  " 

29  *• 

41  ** 

21  A.  M. 
25     *' 

42  *• 
54     " 
52     •' 
39  P.  u. 
08  A.  M. 

51  P.  M. 

58     •* 


II 
II 

I 
I 

II 
I 

II 
I 
I 

II 
I 
I 
III 
III 
I 
I 
I 

II 


Tr.  In. 
Sh.  In. 
Tr.  In. 
Sh. In. 
Tr.  Er. 
Tr.  Eg. 
Sh.  Eg. 
Sh.  Eg. 
Ec.  Re. 
Oc.  Dis. 
Tr.  In. 
Sh. In. 
Tr.  In. 
Sh. In. 
Oc.  Dis. 
Ec.  Re. 
Tr.  In. 
Tr.  In. 


Oct.  24 


25 


26 


31 


9 

9 

11 

il 

11 

12 

6 

8 

5 

5 

6 

7 

1 

4 

10 

11 

11 


10  p.  M. 

35     " 

02  " 
23     " 
26     " 
07  A.  M. 
07  p.  M. 

37  " 
29  " 
52     »* 

38  " 
55  " 
23  A.  M. 

03  •• 
35  P.  M. 
05     *• 
16     " 


I 

II 

I 

I 

II 

II 

I 

I 

I 

I 

II 
III 
I 
I 
I 
I 
II 


Sh.  In. 
Sh.  In. 
Tr.  Eg. 
Sh.  Eg. 
Tr.  Eg. 
Sh.  Eg. 
Oc.Di8. 
Ec.Re. 
Tr.  Eg. 
Sh.  Eg. 
Ec.Re. 
Ec.Re. 
Oc.  Dis. 
Ec.Re. 
Tr.  In. 
Sh.  In. 
Tr.  In. 


Aug. 


»ximf 

ue  Central  Times  when  the  Great  Red  S 

Jupite 

r's  Disk. 

5 

7 

29  P.  M. 

Aug. 

29 

7 

15  p.  M. 

6 

5 

24  A.  M. 

31 

1 

02  A.  M. 

7 

1 

16  A.  M. 

31 

8 

53  P.  M. 

7 

9 

07  P.  M. 

Sept. 

2 

2 

40  A.  M. 

9 

2 

54  a.m. 

2 

10 

31  P.  M. 

9 

10 

45  p.m. 

4 

4 

18  a.m. 

11 

4 

32  A.  M. 

5 

12 

09  A.  M. 

12 

12 

23  A.  M. 

5 

8 

00  p.m. 

12 

8 

14  p.  M. 

7 

1 

47  A.  M. 

14 

2 

02  A.  M. 

7 

9 

38  p.  M. 

14 

9 

53  P.  M. 

9 

3 

25  A.  M. 

16 

3 

39  A.  M. 

6 

11 

16  p.  M. 

16 

11 

31  p.  M. 

10 

7 

08  p.  M. 

17 

7 

22  P.  M. 

12 

12 

54  a.m. 

19 

1 

09  A.  M. 

12 

8 

46  p.  M. 

19 

9 

00  p.  M. 

14 

2 

32  A.  M. 

21 

2 

47  A.  M. 

14 

10 

24  p.m. 

21 

10 

38  p.  M. 

16 

4 

10  A.M. 

23 

4 

25  A.  M. 

17 

12 

01  A.  M. 

24 

12 

16  A.  M. 

17 

7 

53  p.  M. 

24 

8 

08  p.  M. 

19 

1 

39  A.  M. 

26 

1 

55  A.  M. 

19 

9 

31  p.  M. 

26 

9 

46  p.  M. 

21 

3 

17  a.m. 

28 

3 

33  A.  M. 

21 

11 

08  p.  M. 

28 

11 

24  p.  M. 

22 

7 

OOP.  M. 

Sept. 


Oct. 


24 

12 

46  a.m. 

24 

8 

38  p.  M. 

26 

2 

24  A.  M. 

26 

10 

16  p.  M. 

28 

4 

02  A.  M. 

28 

11 

53  p.m. 

29 

7 

44  p.m. 

1 

1 

31  A.  M. 

1 

9 

22  P.  M. 

3 

3 

09  A.  M. 

3 

11 

00  p.m. 

4 

6 

52  p.  M. 

6 

12 

38  A.  M. 

6 

8 

29  P.  M. 

8 

2 

16  A.  M. 

8 

10 

07  P.  M. 

9 

5 

58  p.  M. 

10 

3 

54  A.  M. 

10 

11 

45  P.  M. 

12 

7 

36  P.  M. 

13 

1 

23  A.  M. 

13 

9 

14  p.  M. 

15 

3 

01  A.  M. 

15 

10 

52  P.  M. 

Occultations  Visible  at  Washington. 

IMMERSION  GMBRSION 

Date  Star's  Masnl-    Washing-     Angle  Washing-    Angle 

1892.  Name.  tude.       ton  li.  t.    f 'm  N  pt.  ton  li.  t.  f'm  N  pt  Duration. 

hm  **  hni  °  hm 

Sept.  3     Mars 13    22       110  14    06  200  0  44 

4     B.A.C.7550 6        11    03  23  12    06  275  1  03 

8     96Piscium 7       17    14         91  18    10  208  0  56 

11     A»Tauri 4         9    24         55  10    12  262  0  48 

11  A*  Tauri 6  9    33  79  10    23  237  0  50 

26     22Scorpii 5^4      5    09  48  5    58  344  O  49 

Oct.    6     oPiscium 4         8    36       352  9    02  301  0  26 

7  oArietis 6  9    06       105  9    48  191  0  42 

8  32  Tauri 6       16    14         26  17    09  294  0  55 

12  ctf'Cancri 6       12    37       104  13    37  259  1  00 
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Configuration  of  Jupiter's  Satellites  at  10:30  p. 

m.  Central  Time 

Sept. 

Sept. 

Oct. 

I 

2    I 

O 

3  4 

22 

n 

0 

4  I  3 

12 

4  I 

032 

2 

2 

O 

3  I  4 

23 

2  4 

0 

3  • 

13 

4 

0213 

3 

3  » 

o 

2  4 

24 

43  I 

c 

2 

14 

4  2  I 

0  3 

4 

3 

o 

2  I  4 

*l 

4  3 

0 

I  2 

15 

4  2 

0  3  » 

5 

3  2  « 

o 

4 

26 

4  3  2  1 

0 

16 

3  4 

0  2  • 

6 

4  2 

o 

3  1 

27 

423 

0 

I 

17 

3214 

0 

7 

4  I 

o 

2  3 

28 

4  I 

0 

2  3 

18 

2  3 

0  I  4 

8 

V4  2 

o 

3 

29 

4 

0 

2  I  3 

19 

I 

0324 

9 

4  2 

o 

I  3 

30 

2  4  I 

0 

3 

20 

02134 

10 

4  3  « 

o 

2 

Oct. 

21 

2  I 

034 

II 

4  3 

o 

2    I 

I 

^  3 

0 

4  • 

22 

2 

0314 

12 

4  3^1 

o 

2 

3 

0 

I  2  4 

23 

3 

0124 

«3 

4  2   I 

o 

• 

3 

3  2  I 

0 

4 

24 

n  21  3 

0  4 

14 

I 

o 

2   3    • 

4 

2  3 

0 

I  4 

25 

3  2 

0  I  4 

»5 

U 

o 

1  4  3 

5 

I 

0 

234 

26 

4  I 

032 

i6 

2 

o 

I  3  4 

6 

0 

2134 

27 

4 

0123 

'7 

3  I 

o 

2  4 

7 

2  I 

0 

3  4 

28 

4  2  I 

0  3 

i8 

3 

o 

I   2  4 

8 

n 

0 

I  4  • 

29 

4  2 

0  3  I 

19 

3  2   I 

o 

4 

9 

3  4 

0 

2  • 

30 

4  3  1 

0  2 

20 

2  3 

o 

I  4 

10 

3421 

0 

31 

4  3 

0  I  2 

21 

I 

c 

2  3  4 

II 

423 

0 

I 

OcculUtioQs  of  SUrs  by  the  Planets. 

[From  Am tr.  XAch  .  No.  3073.] 

STAES  NEAR  VBNU8. 

Central  Time  Diff.  of  Maximum    Magnitude 

Date             of  Conjunction.  Decl.  Duration.  of  Star. 

1892.    Sept.       3          «    14  p.  m.  +  73  147  94 

5  5    35  A.  M.  -    9  138  9-5 

6  2  17  A.  M.  +  17  13.4  9.4 
^  7  02  p.  M.  —  51  13.4  9.4 
9  4  32  A.  M.  —  75  12.6  9.3 
9           4    SI     "  +40  12.6  9.3 

"            6    34  P.M.  -j-38  11.5  8.6 

12            3    44    •*  -  40  1 1.2  9.3 

14           7    00  A.  M.  +  53  10.8  9.0 

19  7  52  P.  M.  —  2  lo.o  9.2 
21            9    47    "  -fs8  9.7  7.5 

25               8      46  A.  II.  -f  41  8.7  9.0 

30             12      12  A.  M.  -     9  8.5  8.3 

Oct.           I              3     34  H.  M.  -  12  8.2  94 

a          12    as  p.  M.  -I-29  8.1  9.4 

6           6    19  A.  M.  -f  13  7.7  9.3 

8  8    29  p.  M.  +  37  7.5  9.3    . 

9  7    25  P.  M.  -f  57  7.4  9.3 

12                I      58  A.  M.  —  30  7.2  4.1 

20  2  34  p.  M.  —  69  6.6  9.4 
20  5  26  P.  M.  -f-  50  6.6  9.3 
20  8  41  p.  M.  —  92  6.6  9.3 
27            S     37  A.M.  -68  6.1  8.7 

STARS  NEAR  MARS. 

Sept.      25            8    41  p.  M.  -f  17  25.0  9.2 

29              12      31  A.  M.  -f  31  22.5  8.5 

Oct.           I                 midn.  -f  29  19.8  9.0 

'3            9    35  P-  M-  -  24  14.0  9.0 

18            I     23  A.  M.  -    7  12.8  9.2 

23            9    28  p.  M.  +23  II. 2  9.3 

25            4    4>  A.  M.  -f  31  ii.o  3 

STARS  NEAR  JUPITER. 

Oct.            6              2     06  _  38  150  9.5 
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Minima  of  Variable  Stars  of  the  Algol  Type. 


U  CEPHEI. 

R.  A 

0^  52»  32» 

Dccl 

4-  81^  17' 

Period 

2d  W  50» 

Sept.     5 

9  p.m. 

10 

9    •• 

15 

9    " 

20 

8    *» 

25 

8    *• 

30 

8    •* 

Oct.       5 

7     •' 

10 

7    ** 

15 

7    " 

20 

6    " 

25 

6    ** 

30 

6    " 

ALGOL. 

R.  A 

3»»01»01" 

Dccl 

4-  40<>  32^ 

Period 

2d  20»»  49« 

Sept.  13 

3  a.m. 

15 

midn. 

18 

9  P.  M. 

21 

6    " 

Oct.       3 

5  a.m. 

6 

2    " 

8 

11  P.  m. 

11 

7    " 

26 

4  a.m. 

28 

midn. 

31 

9  p.m. 

X  TAURL 

R  A 

3»»54"36» 

Dccl 

4-i2*»ir 

Period 

3d  22»»  52™ 

Sept.     6 

2  A.  M. 

10 

1  " 

13 

midn. 

17 

11  p.  m. 

21 

10     •* 

A  TAURI  CoxT. 


U  OPHIUCHI  CoNT. 


Sept.  25 
29 


8  p.  M. 

7    ** 


Sept. 


R.  CANIS  MAJORIS. 

R.  A 7*»  14™  30* 

Decl —16^11' 

Period lc/03»»16" 


Sept. 

.     6 

2  A.  M. 

7 

5    " 

13 

midn. 

15 

4  a.  m. 

21 

midn. 

23 

3  a.  M. 

29 

10  p.  M. 

Oct. 

1 

2  a.  m. 

2 

5    *' 

8 

midn. 

10 

3  a.  m. 

16 

11  P.M. 

18 

2  a.m. 

19 

6    " 

24 

10  p.  M. 

26 

lA.M. 

27 

4     " 

U  CORONA. 

R.  A. 

15»»  13«  43« 

Decl. 

+  32^  03' 

Period 

3c/  10»»  61« 

Sept. 

14 

Up.  M. 

21 

9    " 

28 

7    " 

Oct. 

22 

11     " 

29 

9     *' 

1 

\5  OPHIUCHL 

R.A. 

n^  10«»  56' 

Decl.. 

+  1"*  20' 

Period.  ... 

Od  20^  S"" 

Sept. 

2 

10  p.  M. 

3 

6    •» 

Oct. 


7 

10  p.  M. 

8 

6    *' 

12 

11    " 

13 

7     •• 

17 

midn. 

18 

8  p.m. 

23 

1a.m. 

23 

9  p.  m. 

28 

lA.M. 

28 

10  p.  m. 

29 

6    " 

3 

11    ** 

4 

7    " 

8 

11    " 

9 

7    ** 

13 

midn. 

14 

8  p.m. 

19 

1  A.M. 

19 

9  p.m. 

24 

10   '• 

25 

6    " 

29 

11    " 

30 

7    " 

Y  CYGNL 

R.A 20»»47"4O» 

Decl 4-  34*»  16' 

Period \d  11»»  56- 

Sept.     3       1  A.  M. 
midn. 


Oct. 


8 
14 
20 
26 

2 

8 
14    IIP.  M. 
20    11    •* 
26    11    " 


Phases  and  Aspects  of  the  Moon. 

(1         h    m 

Full  Moon Sept.     6        3  08  p.  m. 

Perigee **       8       5  00      ** 

Last  Quarter "     13       6  50  a.m. 

New  Moon "     20       7  16  p.  m. 

Apogee **     24  noon 

First  Quarter "     29  12  19  a.m. 

Full  Moon Oct.     6  12  12      ** 

Perigee "       6  10  30  p.  m. 

Last  Quarter **     12  3  38      " 

New  Moon "     20  12  24      " 

Apogee "    21  9  36      *' 

First  Quarter "     28  3  26      " 

Aurora,  July  x6.— Mr.  W.  H.  Clute,  of  Bay  City,  Mich.,  reports  a  very  brilliant 
aurora  seen  at  that  place  July  16,  from  9*»  to  10*»  30™  p.  m.  The  display  was  very 
active,  covering  nearly  the  whole  sky.  This  aurora  was  noted  at  Northfield  as 
was  also  one  July  14.  Our  photograph  of  the  Sun  taken  July  18  (the  first 
taken  after  the  16th)  shows  that  two  new  groups  of  spots  had  formed  near  the 
center.of  the  Sun's  disk. 


Current  Celestial  Phenomena. 
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COMET  NOTES. 


Swift's  comet  is  still  qaite  conspicuous  in  the  telescope,  and  will  be  visible  in 
ordinary  telescopes  for  some  time  to  come.  Winnecke*s  comet  has  passed  the  Sun 
and  is  coming  out  of  the  morning  twilight.  It  is  only  visible  in  southern  lati- 
tudes. Xo  new  comets  have  been  discovered  during  the  past  four  months,  nor 
have  the  i)eriodic  comets  Brooks,  1886  IV,  and  Tern  pel,  1867  II,  been  found. 
AVhat  are  all  you  amateurs  doing  ? 


Elements  of  Comet  189a  I  (Swift  March  6).— The  following  elements  were  com- 
puted by  Miss  F.  E.  Harpham  from  three  normal  places,  dated  March  11.0,  29.0 
and  April  17.0,  depending  upon  all  the  published  observations  received  before 
June  1.  The  representation  of  the  middle  place  is:  d\.  cos  /^  =  —  6.6"; 
dfi  =  -\-  4.3": 

T    =  April  6.62792  Greenwich  mean  time. 
7t    =  265^  2V  04..7"1 
w    ^    24    29  42.4.    }  1892.0 
v>   =  240    54  22.3   J 
/   =    38   41   47.4 
log  q  =  0.01 1536        q  =  1.02692 


Ephemeris  of  Comet  a  189a  (Swift). 
From  my  last  elements,  as  given  in  the  June  numl)er  of  this  periodical,  I  have 
computed  the  following  Ephemeris: 


Gr.  M.  T. 

App. 

R.  A. 

App.  Dec. 

h   m 

* 

0 

2  Aug.   1.5 

»   3 

38 

+  51  56 

2.5 

3 

30 

52   2 

3-5 

3 

20 

52   8 

4.5 

3 

7 

52  14 

5-5 

2 

51 

52  19 

6.5 

2 

32 

52  24 

7-5 

2 

12 

52  29 

S.5 

I 

48 

52  34 

9-5 

I 

23 

52  3^ 

10.5 

0 

53 

52  42 

II. 5 

I   0 

22 

52  46 

12.5 

0  59 

48 

52  49 

135 

59 

12 

52  52 

14.5 

5« 

35 

52  55 

15-5 

57 

53 

52  57 

16.5 

57 

8 

52  59 

17.5 

56 

21 

53   0 

18.5 

55 

32 

53   I 

>9-5 

54 

41 

53   I 

20.5 

53 

46 

53   2 

21.5 

52 

54 

53   2 

22.5 

51 

57 

53   2 

23.5 

50 

^2 

53   I 

24.5 

49 

5« 

53   0 

25.5 

48 

56 

52  59 

26.5 

47 

51 

52  57 

27.5 

46 

45 

52  55 

28.5 

45 

37 

52  52 

29.5 

44 

28 

52  49 

30.5 

43 

18 

52  45 

315 

0  42 

6 

+  52  41 

Harvard  College  Obser^•ator3^ 

July  11,  1892. 

logr 
0.3196 

0-3295 
0-3391 
0.3485 

0-3577 
0.3668 

0.3755 
0.3842 


log  J 
0-2553 

0.2570 
0.25S7 
0.2602 
0.2618 
0.2635 
0.2653 
0.2674 


Br. 


0.09 


0.09 


0.08 


O.  C.  WENDELL, 
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Ephemeris  of  Winnecke's  Periodic  Comet  189a 

. 

[Continued  from 

page 

537.] 

I 

Berlin  Midnight 

App.  R 

.  A. 

Api 

».  Decl. 

log  J 

log  r 

Br. 

Aug.  1 6 

3 

16 

8 

34 

-  27 

35 

01 

9.5150 

0.0533 

17 

14 

21 

27 

52 

12 

9.5230 

0.0567 

6.93 

18 

12 

08 

28 

08 

45 

9.5309 

0.0601 

19 

09 

56 

28 

24 

42 

9.5386 

0.0635 

20 

07 

42 

28 

40 

03 

9.5461 

0.0669 

21 

05 

29 

28 

54 

50 

9.5535 

0.0703 

5.65 

22 

03 

15 

29 

09 

03 

9.5608 

0.0737 

23 

3 

01 

00 

29 

22 

41 

9.5680 

0.0771 

24 

2 

58 

45 

29 

35 

46 

9.5751 

0.0804 

25 

56 

29 

29 

48 

17 

9.5821 

0.0838 

4.66 

26 

54 

12 

30 

00 

14 

9.5890 

0.0872 

27 

51 

54 

30 

II 

37 

9.5958 

0.0905 

28 

49 

35 

30 

22 

26 

9.6025 

0.0939 

29 

47 

15 

30 

32 

41 

9.6092 

0.0972 

3.87 

30 

44 

54 

30 

42 

21 

9.6158 

0.1006 

31 

42 

32 

30 

51 

26 

9.6223 

0. 1039 

Sept.     I 

40 

09 

30 

59 

56 

9.6288 

0.1072 

2 

37 

46 

3" 

07 

50 

9.6353 

0.1 105 

3.22 

3 

35 

21 

3< 

»5 

09 

9.6417 

0.1 138 

4 

32 

56 

31 

21 

51 

9.6481 

0.1 170 

5 

3? 

30 

31 

27 

56 

9.6545 

0.1203 

6 

28 

04 

31 

33 

23 

9.6608 

0.1235 

2.70 

7 

25 

38 

3" 

38 

>3 

9.6671 

0.1267 

8 

23 

II 

3' 

42 

26 

9.6734 

0.1299 

9 

20 

44 

31 

46 

02 

9.6797 

0.1331 

10 

18 

17 

3< 

48 

59 

9.6860 

0.1363 

2.27 

II 

15 

49 

31 

5< 

20 

9.6923 

0.1394 

12 

"3 

22 

31 

53 

04 

9.6986 

0.1426 

13 

10 

55 

31 

54 

II 

9.7048 

0.1457 

14 

08 

28 

31 

54 

41 

9.71II 

0.1488 

1.91 

"5 

06 

02 

31 

54 

32 

9.7174 

0.1519 

16 

03 

36 

31 

53 

45 

97237 

0.1549 

17 

2 

01 

II 

31 

52 

21 

9.7300 

0.1580 

18 

I 

58 

48 

31 

50 

18 

9-7363 

0. 1610 

1.60 

19 

56 

25 

31 

47 

39 

9.7427 

0.1640 

20 

54 

04 

3» 

44 

22 

9.7490 

0.1670 

21 

51 

43 

31 

40 

29 

9.7554 

0.1700 

22 

' 

49 

25 

31 

36 

00 

9.7618 

0.1729 

<.35 

Denning's  comet  during  August  will  increase  a  little  in  brightness  and  raaj'  be 
visible  in  the  great  telescopes.  We  have  no  ephemeris  at  hand  extending  beyond 
August  5,  when  the  comet  will  be  in  R.  A.  6^  07™ ;  Decl.  +  31°  4.8'. 


Aug. 


Aug. 


Search  Ephemeris  for  Comet  Tempel. 

(1867  II). 

(From  Astr.  Nachr.  No.  3095) 

Perihelion  Aj.ril  3.5. 

Perihelion  March  24. 

App.  R.  A. 

Decl. 

Br. 

R.  A. 

Decl. 

h       m        8 

O                     f 

h      m       8 

0        f 

8 

17     50     10 

—  33    04.7 

0.08 

18     14    06 

-34    01 

13 

52    16 

08.7 

18 

55    07 

10.8 

0.07 

18    14    04 

—  34    01 

23 

58    38 

11.4 

28 

18    02    51 

-33    10.6 

0.06 

Perihelion  April  13.6. 

8 

17    26    52 

—  31    53 

18 

17    33    44 

—  32    08 
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Partial  Eclipse  of  the  Son  Oct.  20.— This  will  be  visible  throughout  nearly  the 
whole  of  North  America.  .  The  eclipse  begins  at  10:15  a.  m.  central  time,  in  longi- 
tude 133^ 22^  west  from  Greenwich,  latitude  65°  25'  north,  and  ends  at  2:57  P.  m., 
in  longitude  50°  52'  west,  latitude  14°  02'  north.  The  greatest  eclipse  will  occur 
a  short  distance  off  the  S.  E.  coast  of  Greenland,  where  0.906  of  the  Sun's  diame- 
ter will  be  covered  by«the  Moon.  We  will  give  the  times  of  beginning  and  ending 
at  Northfield  in  our  next  number. 


Elements  of  the  Asteroids  of 

1 891. 

No. 

Q 

0 

I 

0 

0^, 

a 

Computer. 

303 

345  15 

655 

3  47 

3.>2 

Millosevich 

304 

158  51 

«5  30 

12  41 

2.42 

Berberich. 

305 

210  34 

4  26 

II  07 

3.10 

Berberich. 

306 

141  33 

7  14 

843 

2.36 

Berberich. 

307 

loi  38 

6  07 

8  37 

2.91 

Knopf. 

308 

182  22 

4  3' 

»  34 

2.73 

Berberich. 

309 

357  52 

3  56 

5  02 

2.63 

Berberich. 

3<o 

230  24 

306 

632 

2.76 

Berberich. 

3" 

81  13 

3  «6 

1   18 

2.89 

Berberich. 

312 

7  29   . 

859 

0  30 

2.79 

Masson. 

3'3 

176  42 

II  29 

10  17 

2.38 

Berberich. 

3U 

171  06 

12  25 

10  42 

3- '2 

Charlois. 

3>5 

161  07 

2  25 

9  40 

2.24 

Bohlin. 

3«6 

124  47 

2  20 

7  33 

3.i8 

Gutesmann. 

317 

«5o  39 

«  45 

4  53 

2.29 

Charlois. 

318 

162  51 

'o  33 

4  03 

3- 19 

Berberich. 

3>9 

188  58 

10  43 

12  34 

340 

Berberich. 

320 

221  36 

855 

7  14 

3.00 

Berberich. 

321 

40  3> 

2  39 

2  09 

2.88 

Berberich. 

322 

253  55 

8  09 

15  23 

2.81 

Esmoil. 

323 

324 

328  54 

11  06 

18  28 

2.67 

Berberich. 

An  Occnltation  as  seen  at  the  Underwood  Obseryatory,  Appleton,  Wis.,  by  L.  W. 
Underwood. — While  observing  the  moon  on  the  evening  of  May  30,  I  detected  a 
telescopic  star  neir  her  dark  limb.  A  few  moments  of  observation  made  it  cer- 
tain that  an  occultation  would  soon  take  place.  As  the  moon  was  crescent  her 
dark  limb  was  in  advance,  as  she  journeyed  among  the  stars.  This  proved  a  very 
profitable  circumstance  on  this  occasion.  I  was  able  to  sq  adjust  the  telescope  as 
to  exclude  from  the  field  the  bright  limb  and  still  plainly  see  the  dark  limb  and  the 
star. 

A  careful  study  of  the  light  from  the  star  was  made  from  the  time  it  was  de- 
tected until  the  occultation  took  place,  but  not  the  slightest  change  could  be  de- 
tected. It  seemed  to  remain  perfectly  uniform  until  the  moon's  dark  limb  reached 
it  (8*»  28"  p.  M.  central  time)  when  it  simply  went  out  instantly.  This  fact  would 
seem  to  indicate  that  if  the  moon  possesses  any  atmosphere  whatever  it  must  be 
very  rare  indeed,  too  much  so  to  support  life  as  we  know  it. 

Appleton,  Wis.,  June  6,  1892. 

Occultation  of  Mars. — Below  I  g^ive  the  times  of  the  four  contacts  of  the  occul- 
tation of  Mars  by  the  moon  last  night.  It  was  nearly  clear  here  and  the  seeing 
was  good.  The  markings  on  the  planet  were  well  seen,  especially  the  south  polar 
cap.  Some  of  the  dark  markings  near  the  equator  I  recognize  as  ones  I  have  seen 
at  nearly  every  opposition  since  1877.  There  can  be  no  doubt  but  that  they  are 
permanent.    Following  are  the  times  of  the  contacts,  75th  meridian  time: 

h  m  8 


1st. 

..11 

26 

4.5 

2d.. 

..11 

27 

5.5 

3d.. 

..12 

29 

6.0 

4th. 

..12 

30 

12.5 

FRANK  E.  SEAGRAVE. 

Seagrave  Observatory,  Providence,  R.  I.,  July  11, 1892. 
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Our  next  issue  will  be  for  the  month  of  October,  and  it  will  be  mailed  about 

the  first  day  of  that  month. 

• 

•    The  attention  of  foreign  subscribers  is  called  to  the  fact  that  Northfield,  the 
place  of  publication  of  this  journal,  is  now  a  money  order  office. 


Professor  Asaph  Hall,  Jr.,  has  been  appointed  director  of  the  Detroit  Observa- 
tory, Ann  Arbor,  Michigan. 

J.  A.  Brashear  is  again  at  his  shops  in  Allegheny,  after  an  extended  trip  in 
Europe.    His  health  is  improved  as  the  result  of  his  journey. 


Mr.  Bumham's  Resignation.— I  have  severed  my  connection  with  the  Lick  Ob- 
servatory* and  desire  to  state  that  hereafter  my  address  will  be  '* Government 
Building,  Chicago."  s.  w.  burxham. 

Professor  W.  J.  Hussey,  formerly  acting  director  of  the  Detroit  Observatory 
of  the  University  of  Michigan,  has  been  appointed  to  the  f)osition  of  Assistant 
Professor  of  Astronomy  and  Instructor  in  Mathematics  at  the  Leland  Stan- 
ford Jr.,  University,  Pa  o  Alto,  California. 


Changes  in  the  Staff  at  the  Lick  Observatory.— It  has  been  known  for  some 
time,  that  important  changes  would  be  made  in  the  Staff  of  Lick  Observatory. 
This  has  been  understood  by  some  astronomers  acquainted  with  the  personnel  at 
Mount  Hamilton,  and  it  has  also  been  noticed  in  the  leading  papers  of  San  Fran- 
cisco during  the  last  two  months.  Hints  that  all  things  were  not  moving 
smoothly  apj^eared  in  the  resignation  of  Professor  Keeler  in  the  spring  of  1891. 
Later  Mr.  Bumham  has  resigned,  and  now  it  api>ears  that  Professor  Henrj-  Crew- 
is  to  exchange  his  place  for  the  professorship  of  Physics  in  the  Northwestern  Uni- 
versity at  Evanston,  111. 

It  is  true  that  Professor  Keeler  was  invited  back  to  the  Allegheny  Observa- 
tory to  take  its  directorship  in  the  stead  of  our  distinguished  Langley,  an  honor 
indeed  that  he  might  well  covet,  but  it  was  the  wonder  of  his  wider  circle  of 
friends  that  he  should  choose  to  leave  the  finest  equipment  of  astronomical  instru- 
ments in  the  world  for  another  at  present  very  ordinary,  if  not  positively  inferior, 
for  common  lines  of  modem  research.  Astronomers,  the  world  over,  know  that 
Professor  Keeler  is  a  leading  authority  in  spectroscopy,  and  that  he  had  designed 
and  most  successfully  used  one  of  the  most  effective  instruments  in  this  research 
now  known  to  the  science.  It  is  also  well  known  that  he  had  gained  in  a  short 
time,  for  a  3'oung  man,  an  enviable  reputation  at  home  and  abroad  by  skillful 
work  and  astonishing  results  in  the  new  and  difficult  spectroscopic  stud\-  of  the 
nebulae.  So  true  is  this,  that  his  dicta,  in  regard  to  the  character  and  meaning  of 
nebular  spectra  have  been  received  as  high  authority  everj- where  by  the  best 
talent  in  astro-ph\'sics.  Now  it  seems  very  strange  that  Professor  Keeler  would 
easily  give  up  all  this  bright  prospect,  and  l)e  content  to  wait  a  long  time  before 
it  can  be  possible  for  him  to  take  up  his  delightful  work  where  he  left  it  more  than 
a  year  ago.  We  think  astronomers  generally  will  wonder  why  Professor  Keeler 
should  abandon  such  a  position  as  he  held  at  the  Lick  Observatorj',  and  so  deprive 
himself  and  astronomy  of  the  Ijenefits  in  spectroscopical  research  which  he  was 
peculiarlj'  fitted  to  prosecute. 


News  and  Notes,  629 


The  cause  of  Mr.  Bumham*s  resignation  is  also  unknown.  We  have  no 
theory  to  advance  about  it,  but  we  remember  his  connection  with  the  Lick  Ob- 
servatory from  the  first  with  personal  interest  and  personal  pride.  We  need 
hardly  say  to  the  readers  of  this  journal  that  Sherman  Weslej'  Burnham  in  1879 
was  chosen  by  those  in  authority,  as  expert  observer  to  go  to  California  and 
determine  the  particular  mountain  site,  where,  later,  the  Lick  Observatory  should 
be  located;  and  that  subsequently,  it  was  his  report  and  his  judgment  of  the  fit- 
ness of  the  site  at  Mount  Hamilton  that  led  to  its  adoption  more  than  that  of 
any  other  man  so  far  as  we  know.  In  a  special  sense  would  Mr.  Burnham  feel  an 
interest  in  the  growth  and  maintenance  of  that  grand  Observatory,  since  it  was 
his  work  of  testing  the  site  with  his  immortal  six-inch  telescope,  and  the  discover- 
ies of  double-stars  there  made  in  the  first  scientific  expedition  to  the  mountain  top 
that  give  the  beginning  of  interest  in  Mount  Hamilton  as  a  suitable  point  for  as- 
tronomical work.  Since  that  time  Mr.  Burnham  has  been  identified  in  many  im- 
portant ways  with  the  growth  and  the  success  of  this  great  Observatory.  His 
double  star  work  must  be  acknow:ledged  as  without  an  equal  anywhere.  His 
catalogues,  his  standing  in  the  Royal  Astronomical  Society  of  England  and  in 
other  scientific  societies  on  the  continent  fully  attest  this.  His  practical  knowl- 
edge of  photography  and  his  studious  application  of  it  to  various  fields  of  astro- 
nomical work  have  gained  for  him  wide  reputation  as  not  onl}'  an  artist  but  an 
authority  in  this  branch  of  science.  In  view  of  all  this,  it  is  a  wonder  that  Mr. 
Burnham  should  leave  Lick  Observatory,  and  accept  the  position  of  a  clerk  in  one 
of  the  courts  of  Chicago.  It  is  true  that  the  new  position  pays  higher  salary  than 
that  of  senior  astronomer  in  the  Lick  Observatory',  but  we  are  not  aware  that  Mr. 
Burnham  ever  complained  of  the  smallness  of  salary  in  anj'  position  that  he  ever 
held,  however  small.  He  is  not  that  kind  of  a  man,  his  mind  and  his  purpose  arc 
too  large  to  be  swayed  by  such  motives.  This  could  hardly  be  true  anyway  in 
regard  to  the  positions  at  Mount  Hamilton,  for  they  are  all  reasonably  well 
paid  in  view  of  all  the  circumstances. 

But  the  thing  most  to  be  regretted  in  these  late  changes,  is  the  fact  that  this 
great  Observatory  is  rapidly  losing  its  great  men.  As  necessarj'  as  powerful  in- 
struments are  to  high  success  in  modem  research,  it  must  never  be  forgotten 
that  men  are  more  than  instruments.  Whatever  the  position  the  man  must  rank 
his  place  and  his  instruments  or  he  will  degrade  both.  That  Director  Holden  has 
done  masterful  work  in  building  up  the  Lick  Observatory  so  far  is  admitted  on 
every  band.  That  was  no  small  thing  to  do.  It  was  well  done ;  not  perfectly,  as  he 
well  knows,  and  himself  says,  but,  still,  it  was  well  done.  And  one  of  the  l>est 
things  in  his  part  of  it  was,  that  he  had  the  foresight  to  select  and  the  ability  to 
secure,  for  his  staff,  some  of  the  best  men  to  be  found  in  the  United  States.  In 
this  he  was  eminently  wise.  But,  now,  that  these  excellent  men  are  rapidly  leav- 
ing the  Observatory,  it  is  not  evident  that  he  is  wise  in  permitting  this,  if  it  lies 
in  his  power  to  prevent  it.  In  any  phase  of  the  matter  it  is  a  calamity  to  the 
Observatory  and  to  astronomy.  For  first-rate  men.  like  any  others,  can  do  bet- 
ter work  the  longer  they  remain  in  one  position,  other  things  ])eing  equal.  New 
men  can  not  master  large  and  delicate  instruments  in  a  day.  It  recjuires  many  a 
day  of  pains-taking  lal>or  and  waiting  for  the  skillful  astronomer  to  get  from 
his  fine  instrument  the  very  l)est  that  it  can  give.  It  may  do  for  manager  Fricki 
at  the  Homestead  Mills  to  say  that  he  can  easily  get  others  to  take  the  places  of 
his  trained  men  to  work  his  improved  machinery  and  turn  out  just  as  good 
armor  plate,  as  in  the  past,  but  his  skilled  workmen  know  better.  Much  more  is 
this  true  in  scientific  work,  and  we  l)elieve  no  one  knows  it  better  than  does  Pro- 
£rs«or  Holden,  and  it  is  not  probable  that  any  course  will  be  taken  in  the  future 


which  shall  not  he  ior  the  best  interest  of  the  Lick  Observatory  and  for  Astroo- 
otny  in  general. 

As  we  close  this  paragraph  the  news  comes  to  os  that  Professor  Henry  Crew, 
of  Lick  Observatory,  has  1>een  elected  Professor  of  Physics  in  the  Northwestern  i 
I'tiivcrsity  at  Evanston,  IlL     Wc  arc  also  informed  that  lie  will  probably  accept^ 
the  position.    Mr.  Barnard  and  Mr.  Schacbcrlc  are  the  remaining  older  metnbers 
of  the  staff. 


Re-btiilding  Dudley  Observatory.-— Miss  Catherine  Wolfe  Bruce  of  New  York 
City  has  recently  ^ivcn  twenty-five  thousand  dollars  to  the  Dudley  Observatory^ 
for  the  increase  of  its  permanent  endowment.  Miss  Bruce  will  be  rettiemt»erccl 
for  her  munificent  gift  of  $50,000  to  ibc  Observatory  of  Harvard  College  for  the 
construction  of  a  large  telescope  of  special  form,  as  also  for  numerous  others  its 
aid  of  astronomical  research.  In  her  offer  of  $25,000  to  the  Dudley  Observatory 
for  increase  of  endowment.  Miss  Bruce  attached  the  condition  that  sufficientj 
funds  should  otherwise  be  secured  to  remove  and  re-establish  the  Observatory  oum 

better  site.  These  conditions  have  been  fulfilled.  From  various  sources  the 
mm  of  $31J0U  has  been  secured  to  defray  the  cost  of  rc-building  the  Observa- 
tory on  a  new  site  and  to  furnish  it  with  a  new  equatorial  of  twelve  inches  aper- 
ture^  together  with  other  improvements  in  its  equipment.  The  cost  of  the  tele- 
scope is  provided  for  by  Robert  C.  and  Charles  L,  Pruyn,  sons  of  the  late  Robert 
H.  Pruyn,  formerly  president  of  the  trustees  of  the  Dudley  Observatory,  and  is 
intended  to  be  a  memorial  in  his  honor.  It  Is  to  be  of  the  most  approved  mod* 
em  construction. 

The  cost  of  re-establishment  of  the  Olcott  Meridian  Circle  (8  inches  aperture). 
onstructcd  by  Pistor  and  Martins  of  Berlin  in  1858,  together  with  a  colUmating 
neridian  mark  and  other  improvements,  is  provided  for  by  the  liberality  of  three 
sons  of  the  late  Thomas  W.  Olcott»  formerly  president  of  the  Observatory  Trus- 
tees and  the  donor  of  the  original  instrument.    The  donors  are  Hon.  Frederick 
P.  Olcott  of  New  York  City  and  Dudley  and  John  Olcott  of  Albany. 

The  working  plans  for  the  new  Observatory  are  in  process  of  preparntiott, 
and  it  isexj>ect<?d  that  the  work  of  re-building  will  be  entered  upon  durinif  Aa- 
jnist  of  the  present  year. 

The  old  site  is  very  unfavorable  to  astronomical  oliservnlton,  owing  to  its 
proximity  to  the  four  tracks  of  the  New  York  Central  railroad  which  group 
around  the  base  of  Observatory  Hill  at  a  distance  of  about  150  yards  from  the 
instruments,  with  a  very  heavy  traffic.  The  instruments  and  observinii»  arrange- 
ments of  the  Dudley  Observatory  are  much  in  need  of  improvement,  and  the  ne- 
cessiiry  additions  and  alterations  in  the  apparatus  and  observing  rooms  would 
have  cost  so  large  a  proportion  of  the  cost  of  absolute  reconstruction  on  a  ne^* 
site  that  this  consideration  was  regarded  as  a  very  strong  factor  in  the  determin- 
ation to  make  the  change.  The  new  site  is  about  two  miles  southwest  of  the 
present  location,  and  in  the  southwestern  part  of  Albany,  upon  a  plot  of  about 
six  acres,  and  surrounded  by  property  in  possession  of  the  city  park  comniissioru 


Civil  AdministrAtioii  at  the  Naval  Observatory.— Bills  have  been  introduced  in 
both  houses  of  Congress,  at  the  winter  session  of  18111-2,  providing;  for  a  civil 
administration  of  the  Naval  Observatory,  but  retaining  that  institutiott  in  the 
Navy  I>epartment.  The  House  bill  was  reported  ufK»n  adversely  by  the  commit 
tee  on  Naval  affairs  to  which  it  had  been  referred ;  though  it  is  not  known  thut 
there  were  any  public  hearings  at  which  opinions  adverse  to  the  general  pnisct* 
pic  of  the  measure  were  expressed  by  any  who  addressed  the  committee.    Dur- 
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ing  the  April  session  of  the  National  Academy  of  Sciences,  a  hearing  upon  the  bill 
was  had 'before  the  Senate  committee  on  Naval  affairs.  The  attitude  of  this 
Senate  committee  is  supposed  to  be  favorable  to  the  principle  that  the  Govern- 
ment Observatory  should  be  placed  under  the  direction  of  an  able  civilian  astron- 
omer. 

Late  in  the  session  an  attempt  was  made  to  place  an  amendment  in  the  Naval 
appropriation  bill,  providing  for  the  appointment  by  the  Secretary  of  the  Navy  of 
a  commission  to  report  a  plan  for  organization  of  the  new  Observatory,  in  time 
for  consideration  at  the  next  session  of  Congress.  This  amendment  was  passed 
by  the  Senate,  but  with  some  thirty  other  amendments  failed  to  receive  the  con- 
currence of  the  House  committee. 

As  the  matter  stands  the  bill  for  re  organization  of  the  Naval  Observatory  is 
before  each  branch  of  the  National  Legislature,  but  rests  under  the  cloud  of  an 
adverse  report  in  the  House.  There  is  no  legal  reason  why  this  measure  or  some 
substitute  for  it  may  not  be  pressed  to  a  vote  at  the  next  session  of  Congress. 

The  principal  contentions  made  in  the  adverse  report  of  the  House  committee 
on  Naval  affairs  by  the  advocates  of  continued  control  of  the  Observatory  by 
line  officers  of  the  Navy  appear  to  be:  first— that  the  Observatory  was  founded 
solely  by  the  efforts  of  Naval  officers,  and  that  for  some  years  it  has  been  effi- 
ciently managed  by  them  (though  not  so  well  of  late);  and  secondly— that  as- 
tronomers (scientific  men  generally)  are  not  fitted  for  the  larger  administrative 
duties  connected  with  scientific  work!  It  will  be  difficult  to  convince  any  man 
conversant  with  the  history  of  scientific  work  and  with  the  circumstances  under 
which  this  decision  was  reached  that  there  is  any  force  in  such  arguments,  or  that 
they  are  the  real  ones  which  inspired  the  report. 

It  appears  to  be  the  opinion  of  many  experienced  public  men  in  Washington 
that  this  agitation,  which  is  only  in  its  initial  stage,  must  soon  result  in  the  con- 
trol of  the  Observatory  by  a  competent  practical  astronomer. 

The  Star  Camera  at  the  Sydney  Observatory.— We  have  been  favored  by  H.  C. 
Russell,  Government  Astronomer,  at  Sydney,  Australi«i,  with  a  quarto  volume  in 
board  covers  bearing  title,  *'The  Star  Camera."  The  frontispiece  is  a  full  page 
photogravure  of  the  13.1 -inch  photographic  telescope  showing  a  considerable  por- 
tion of  the  observing  room.  Very  full  descriptions  and  illustrations  of  the  instru- 
ment and  its  working  parts  are  given  in  this  useful  publication.  We  notice  with 
interest,  that  two  combinations  of  lenses  are  used  with  the  enlarging  camera — 
one  giving  a  magnifiying  power  e(|uivalent  to  a  focal  length  of  4-7  feet,  and  the 
second  ec{ual  to  a  focal  length  of  IKO  feet.  With  the  first,  very  sharp  pictures  of 
the  Moon,  five  and  five  and  one-half  inches  in  diameter  can  \yc  taken  in  three  or 
four  seconds;  but  it  is  found  that  the  l)est  result  is  obtained  by  reducing  the 
aperture  of  the  13.1-inch  lens  to  four  inches,  and  increasing  the  time  of  exposure 
to  20  seconds.  Very  satisfactory  pictures  of  Jupiter,  half  an  inch  in  diameter 
have  been  obtained,  in  which  the  l)elts  are  shown,  and  the  red  spot  is  much  more 
conspicuous  than  it  is  to  the  eye  aided  by  the  11  V^-inch  equatorial. 

The  construction  of  the  enlarging  lenses  is  unusual.  In  each,  two  lenses  of 
equal  foci  are  placed  convex  to  convex,  and  they  are  separated  five-eighths  of  the 
sum  of  the  foci  of  the  two  lenses.  The  pictures  are  said  to  be  sharp  and  the  field 
very  nearly  flat. 

Professor  Hall's  Double  Star  Observations  1 880-1 8gi  Made  at  the  Naval  Observa- 
tory, Washingtoo,  have  been  received.  The  measures  were  made  with  the  26-inch 
equatorial,  during  the  last  sixteen  years.  The  stars  observed  are  mostly  known 
binaries. 
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Professor  W.  H.  Pickering's  Note  on  the  Color  of  Mars.— The  following  note  on 
the  color  of  Mars  was  sent  by  Professor  \X.  U.  Pickcnng,  Arequipa»  Peru,  hoping 
that  the  sfime  would  reach  us  in  time  to  accompany  his  article  which  was  leader 
in  our  June  issue.  It  was  intended  for  a  note  to  accompany  matter  found  on  ]m^ 
451. 

XoTE. — Since  the  blue  light  reflected  from  the  Earth's  atmosphere,  superposed 
upon  the  red  Hght  reaching  ns  from  Mars,  combines  to  produce  upon  our  eyes  the 
cncct  of  orange, — the  color  which  Mars  appears  by  da^Oight, — it  seems  likely  thnt 
tile  atmosphere  of  Mars  may  tend  to  produce  the  samectTect,  causing  iheplant't 
to  appear  less  red  than  is  really  the  case.  This  wi»ubl  explain  why  the  limb  of 
Mars  always  appears  less  red  than  tin?  center. and  would  not  involve  the  nssumjf 
tion  of  an  atmosphere  about  the  planet  capable  of  absorbing  the  red  rays.  That 
!»»  the  apijearance  of  the  planet's  limb  mav  l>c  «luc  to  rcrtection  and  not  to  nh- 
sorption  and  we  need  not  necessarily  assume  nn  atmosphere  at  all  different  from 
our  owh.  Since  the  color  elTcct  at  the  limfj  is  strongly  marked^  it  would  np|.iear, 
if  the  above  proposition  is  correct,  that  the  atmosphere  of  Mars  is  probably  not 
very  diflTcrent  from  our  own  in  density.  w,  le.  v. 

In  Profensor  Pickering's  jirivate  letter  acc^mpannng  the  above  note,  he 
speaks  of  finding,  in  a  recent  expedition  to  one  of  the  neighboring  mountains  a 
bed  of  red  lava.  Some  of  this  lava  exactly  matches  m  color  what  Profe&sor 
Pickering  considers  from  his  ejtjjenmcnts  to  be  the  true  color  of  the  planet  Mars. 


Photographic  Chart  of  the  Sky,— The  first  part  of  viilumc  two  of  the  Bulletia 
of  the  International  Committee  has  just  come  to  linnd.  It  contains  u  number  of 
important  papers  1»y  the  members  i>f  the  committee,  M,  Loewy  discussed  a 
methocj  of  determining  the  coordinates  nf  the  centers  of  the  plates,  making  them 
depend  not  only  on  the  lew  well  dctcrminnl  stars  which  may  occur  on  each  plate 
hut  also  upon  those  found  on  overlapping  plates.  In  this  way  each  plntc  may  be 
referred  to  so  many  stars  that  it  will  not  Inr  necessary  to  undertake  the  labor  o*^ 
re-observing  with  meridian  circles  the  Oi),mOU  or  70.000  reference  stars. 

The  Ccimmittee  charged  with  distributing  scrrents  to  l>e  used  nt  the  different 
observatories  in  determining  rhe  proper  length  of  exposure  for  1 1th  magnitude 
stars,  obtained  disctjrdant  results  in  their  experiments,  the  lime  ranging  (rtrtn 
1"*  20*  to  7'".  It  is  probable  that  the  plan  of  m.iking  three  exiKisures  ol  fl**'.  3*" 
and  20*  respectively  on  each  region  on  the  same  night  will  lie  ado|iled  for  the 
plates  from  which  the  catalogue  is  to  Ix  constructed,  The  exposure  for  the  chart 
plates  will  be  unilormI.v  60«\  H,  c,  w. 


Magnet-MeteorologicoObservatorio  Coimbra,  Portugal.— We  are  indebted  to  Dr. 
Antonio  de  M,  Garrido,  Director  of  Ob!*ervatori<»  Magnei-Mcteondogieo  ni 
Coimlira  Portugal,  lor  his  annual  publication  lor  the  year  IHPL  It  gi^Tsantn* 
teresting  cut  of  Observatory »  the  first  we  ha%*e  seen  ol  it* 


Piiblicarioni  Delia  Spscola  Vaticani  Fascicolo  It— We  «rc  pleased  to  hare  rr- 
ceived  from  the  Observatory  of  the  Vatican,  Rome,  Italy,  by  the  kindness  of  the  Di- 
rector, P.  Fran^iis  Denza,  the  above  named  pu'.bcaiion  for  the  yciir  18S1.  Be« 
sides  the  usual  records  pertaining  to  Meteorology  and  ABtronotny«  a  scries  of 
fine  plates  are  given  showing  the  Observatory  building,  photographic  instrument, 
plates  of  the  Pleiades,  Cluster  on  S/tgittarius.  Ring  Nebula*  real  photographs  f»f 
portions  of  the  Moon  and  three  photographs  of  Jupiter,  two  of  which  ploinly 
show  the  red  sfK*t,  and  all  give  the  lielts  with  great  distinctness.  The  equatorial 
diameter  of  the  pictures  of  Jupiter  is  quite  exactly  one-half  inch. 


News  and  Notes  633 


The  Photo-chronograph  applied  to  Detemkinations  of  Latitude.— This  is  the  title 
of  a  paper  just  published  by  tlie  Georgetown  College  Observatory.  The  new 
form  of  instrument  used  is  that  of  a  floating  zenith  telescope,  similar  to  Dr. 
Chandler's  Almucantar,  with  n  photo-chronograph  attached  in  the  place  of  the 
micrometer  eye-piece.  The  objective  is  a  single  combination  of  two  lenses,  cor- 
rected for  photographic  rays,  aperture  6  inches  and  focal  length  36  inches.  It 
was  made  by  Brashear  and  is  found  to  be  excellent,  readily  giving  trails  of  stars 
below  the  7th  magnitude.  The  photo-chronograph  was  designed  by  Professor 
Geo.  A.  TargiSjS.  J.,  and  constructed  by  Mr.  SaegmuUer.  It  consists  essentially  of 
two  occulting  bars,  which,  by  means  of  electro-magnets  in  connection  with  a 
clock,  are  made  to  alternately  cover  and  uncover  the  j>ortions  of  the  sensitive 
plate  upon  which  the  star  trail  is  being  made,  one  of  the  bars  serving  for  the 
north,  the  other  for  the  south  star.  Pairs  of  stars  are  selected,  as  in  the  ordi- 
nary method  of  determining  latitude  with  the  zenith  telescope,  having  nearly 
equal  zenith  distances,  north  and  south,  and  the  two  stars  are  allowed  to  leave 
their  trails  on  the  same  plate.  The  trails  are  broken  up  into  series  of  dots  by  the 
clock  moving  the  occulting  bars  each  alternate  second,  and  the  beginning  and 
middle  ot  each  minute  is  marked  by  the  omission  of  a  certain  numl)er  of  breaks. 
It  is  thus  easy,  knowing  the  time  of  transit  of  each  star,  to  tind  the  position  of 
the  meridian  on  the  plate,  so  that  the  distance  between  the  star  trails  may  be 
measured  in  the  meridian  with  a  micrometer.  The  reductions  are  the  same  as  in 
Talcott's  method,  except  that  the  level  correction  and  reduction  to  meridian  are 
omitted. 

A  few  preliminary  results  are  given  for  the  latitude  of  the  Georgetown  Ob- 
servatory, which  seem  to  indicate  that  the  method  can  be  relied  upon  to  give 
more  accurate  results  than  the  visual  method,  besides  being  much  more  comforta- 
ble for  the  observer.  At  the  close  of  the  ]ia})er  the  following  announcement  is 
made: 

"The  intention  is  to  make  this  Observatory  a  permanent  stntion  for  study- 
ins^  the  periodic  variations  of  the  Pole.  A  second  |3ermanent  latitiule  station  is, 
at  our  instance,  1)eing  erected  at  Manila,  in  the  Philippine  Islands.  It  will  \ye 
furnished  with  a  floating  zenith  telescope  and  latitude  photo  chronograph  like 
those  here  descrilied.  The  future  director  of  that  station.  Father  Joseph  Algu^, 
S.  J.,  is  now  at  the  Observatory,  with  the  view  of  familiarizing  hinisell  with  this 
method.  Since  Manila  is  almost  opposite  Washington  in  longitude,  these  two 
stations  seem  to  l)e  well  adapted  for  controlling  the  jKfriodic  variations  of  the 
Pole  by  a  uniform  method,  in  a  direction  almost  |)er|)endicular  to  the  meridians 
of  Berlin  and  (lonolidu,  where  simultaneous  observations  are  carried  on  at  pres- 
ent."    H.  c.  w. 

Brilliant  Aurora  at  Mt.  Hamilton,  June  26.— Last  night  at  12*'  15'".  while  pho- 
tographing the  Milky  Way,  my  attention  was  attract ed  lo  a  l)righi  fiery  illumi- 
nation in  the  north  and  northeast.  This  proved  to  be  a  brilliant  aurora.  The 
northeast  sky  was  sufl*used  with  a  bright  reddish  glow  extending  nearly  as  high 
as  the  pole.  Bright  yellowish  white  sticamers  were  shooting  up  from  the  horizon, 
but  there  was  no  arch.  For  the  next  halt  hour  the  dis])lay  was  very  active  and 
towards  the  last  streamers  made  their  apfx'arance  to  the  west  of  ihe  pole.  The 
activity  gradually  ceased,  but  the  brightened  glow  continued  visible  in  the  north 
and  nortbeast  as  late  as  14- '^^O'",  when  it  could  still  l)e  seen  through  the  l)reaks  in 
the  clouds  which  then  covered  the  sky. 

The  point  of  maximum  action  and  illumination  was  about  15^  east  of  the 
north  point. 

This  makes  the  second  aurora  that  I  have  seen  at  Mt.  Hamilton,  the  first 
being  on  May  18  this  year.    See  .\stronomv  .vxd  .Astro-Piivsics  for  June.  1 802. 

f.    E.    HARNARt). 

Mt.  Hamilton,  1892.  June  27. 


Comparison  of  Celestial  Photographs.— In  A&tr.  Nach,,  No.  3101,  Mr.  Barnard 
suggests  a  very  simple  and  rapid  method  of  detecting  changes  on  celestial  photo- 
graphs, due  to  motion  or  variability  of  the  ccle^stial  bodies.  This  requires  ibe 
two  negatives  to  be  on  exactly  the  same  scale.  A  positive  on  glass  is  made  froin 
the  first  negative  and  superposed  upon  the  second,  film  to  film.  Since  the  scale  is 
the  same  in  each  case  the  black  imaiies  of  the  negative  number  twt»  will  blot  f>nt 
the  white  images  of  the  positive,  except  where  there  has  been  change  of  pcisitioti  or 
los^  ol  brightness  of  a  star.  Increase  of  brightness  would  be  detected  by  super- 
posing the  first  negative  upon  a  positive  of  the  second. 

Another  ijuite  novel  method  of  comparing  plates  was  suggested  to  me  thil 
summer  by  Mr.  Ritchey  at  Chicago.  It  was  to  project  the  two  positives  upon  a" 
screen  at  the  sometime  with  complementary  colored  lights,  for  instance  red  and 
blue  of  the  proper  shades.  When  the  positives  are  carefully  adjusted  so  that  llie 
corresponding  images  Jail  upon  the  same  points  of  the  screen,  all  stars  having  tb€ 
irae  intensity  of  imuge  on  both  plates  will  appear  w*hite-  A  star  occurring  on 
!>nly  one  plate  will  be  red  or  blue  according  to  the  color  of  the  light  projecting 
that  plate.  Variations  of  brightness  of  stars  will  be  indicated  by  different  tint 
of  color,  red  or  blue  according  as  the  star  is  more  intense  in  the  one  plate  or  tl»e| 
other.  H-  c.  w. 


Visit  to  Kenwood  Physical  Observatory.— Wc  spent  two  very  pleasant  and 
profitable  weeks  at  Mr.  Geo.  E.  Hale's  f)rivate  Observatory  at  Kenwood,  Chi- 
cago, during  this  summer.  The  equipment  of  this  Observatory  and  the  discov- 
eries which  have  been  made  in  it  have  l>ecn  described  in  the  earlier  number*  of 
this  journal,  but  one  must  actually  see  the  apparatus  and  the  phntograpViic 
plates  to  fully  appreciate  what  has  Ijeen  accomplished  in  the  w^ay  of  photograph* 
ing  the  solar  prominencies  and  faculse.  The  photographs  of  the  facula'  are  a  reve- 
lation to  one  who  has  watched  them  visually  or  photographed  them  by  the  old 
methods  from  day  to  day  and  realizes  over  what  a  small  portion  of  the  »olar 
disk  they  are  thus  seen.  The  extent  of  the  arcn  covered  by  the  facula?  in  these 
pholiigTiiphs  is  surprising.  I  ha**e  before  me  a  positive  <»f  a  photograph  tnkcn  iit 
February  when  the  gi'cnt  spot  was  near  the  center  of  the  Sun's  disk.  The  lacu- 
lous  area  is  so  eonspiciitjUH  aitd  extensive  that  the  great  spot  in  its  center  is  nl- 
tnoBl  insignificant  in  compnrison.  In  another  photogrtiph  tfiken  a  few  rlflvs  Utcr 
when  the  great  spot  was  near  the  west  limb,  the  whole  spot  Jcone  in  the  narthcm 
hemisphere  is  sprinkled  over  with  Imiliant  Jacula*.  The  careful  examin^tiun  and 
measurement  of  these  photographs,  taken  daily  and  often  many  limes  each  day 
cannot  fail  to  add  greatly  Ut  our  knowledge  of  the  Sun. 

Mr.  Hale  has  just  added  a  new  photographic  ol»jective  to  the  telescope*  male-' 
ing  it  a  twin  telescope,  but  with  only  one  tulie.  The  method  of  mounting  the 
objectives  is  a  novel  <uie.  They  arc  placed  in  a  twin  cell  which  is  hung  on  an  axis 
at  the  side  of  the  tulie  in  such  ;\  way  that  either  glass  may  be  brought  by  rota- 
tion in  front  of  the  tul^e.  They  mny  thus  be  inter-changed  in  a  few  seconds. 
The  tail-piece  carrying  the  eye-pieces  is  also  mounted  nt  the  side  of  the  t«l>c  so 
that  lor  visual  observations  the  tetescojie  without  a  tulic  is  used.  The  definition 
seems  not  to  suffer  hot  rather  to  Ije  possibly  improved  by  this  arrangement. 


Color  of  SiritiA  in  Ancient  Times.— Perhaps  I   may  be  allowed  to  ofllr  a  itw  . 
remarks  on  Mr,  See's  interesting  pajiers  on  this  subject,  particularly  os  he  does  me 
the  honor  in  the  second  portion  to  refer  to  n  letter  of  mine  in  the  tenth  volume  of 
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the  Observatorjr,  He  has  gone  into  the  natter  exhanstively,  and  has  somewhat 
altered  my  views  in  respect  to  it. 

The  color  attributed  by  Al  Snfi  to  a  few  of  the  stars  would  seem  to  be  his 
own  and  not  Ptolemy *8,  as  he  differs  from  the  latter  in  calling  Algol  red  and  not 
Sinus.  Plato  Tibcrtinus  appears  to  have  made  a  very  remarkable  error  in  repre- 
senting that  the  Arabian  astronomers  found  only  live  red  stars  in  their  copies  of 
Ptolemy,  whereas  they  wrote  five  nebulous  stars,  his  own  enumeration  of  the 
latter.  But  it  does  seem  strange  that  Schjellerup  did  not  consult  the  Arabic  orig- 
inals, instead  of  this  translation. 

I  withdraw  my  remark  in  the  Observatory  concerning  the  peculiarity  of  the 
expression  xaXovfiBvoi  xvoov  xai  vnoxippoi,  because  on  consulting  older  edi- 
tions of  Ptolemy  than  that  of  Halma,  I  do  not  find  the  xai  between  the  substan- 
tive and  the  adjective,  Sirius  being  called  vnoxtppo^  exactly  as  Antares  and  Arc- 
turns  are. 

We  may  differ  with  regard  to  the  weight  to  be  attached  to  the  *'rutilo  cum 
lumine"  of  Cicero  or  the  *' rubra  Canicula "  of  Horace.  But  Seneca  really 
seems  to  have  compared  the  color  of  Sirius  with  that  of  the  planets  and  noticed 
that  the  star  was  more  red  than  Mars,  whilst  Jupiter  was  not  red  at  all.  This 
last  remark  appears  to  me,  on  further  consideration,  to  take  away  all  probability 
from  the  suggestion  of  the  £>elphin  editors  that  the  true  reading  should  be 
"fulgor'*and  not  rubor.  For  Seneca  could  hardly  have  meant  to  say  that  the 
fulgor  (brightness)  of  Jupiter  was  nullus.  w.  t.  lynn. 

Blackheath,  London,  S.  E.,  1892,  May  25. 


Chicago  Academy  of  Sciences.— .9ecf  ion  of  Mathematics  and  Astronomy.— kt  a 
meeting  of  the  Chicago  Academy  of  Sciences  on  May  10,  1892,  it  was  moved  by 
George  E.  Hale  that  authority  be  granted  for  the  formation  of  a  Section  of  Math- 
ematics and  Astronomy.  The  motion  was  duly  seconded,  and  referred  to  the  Gen- 
eral Committee,  which  reported  favorably  at  the  general  meeting  of  the  Academy 
on  June  14, 1892. 

The  first  meeting  of  the  Section  was  held  at  the  Kenwood  Astro-Physical  Ob- 
servatory, Chicago,  on  June  15.  1892,  in  joint  session  with  the  Chicago  Section 
of  the  Astronomical  Society  of  the  Parific.  Gayton  A.  Douglas  was  in  the  chair. 
The  Chair  announced  that  several  Sections  ol  the  Academy  had  recently  lieen 
formed,  and  that  all  of  them  had  met  with  marked  success.  Any  present  who 
wished  to  become  members  of  the  Academy  could  make  application  on  blanks  pro- 
vided for  the  purpose. 

The  Section  proceeded  to  elect  officers  to  serve  until  January,  1893,  with  the 
following  result:  Chairman.  Geor^re  \V.  Hough;  Kccorcler,  George  E.  Hale:  Ex- 
ecutive Committee,  Sherburne  W.  Hurnhani,  Gayton  \.  Douglas.  E.  H.  Moore, 
with  Chairman  and  Recorder  c.x  officio.  The  committee  will  prepare  by-laws  to 
be  acted  upon  by  the  Section. 

Professor  Hough  not  l)eing  present,  Mr.  Dou^^Ias  remained  in  the  chair. 

Protiessor  Hale  made  some  remarks  on  the  vvf)rk  of  the  Academy  and  its  signal 
success  in  the  formation  of  Sections.  He  congratulated  Chica)»o  scientists  in  gen- 
eral and  the  Astronomical  Section  in  particular  on  the  fact  that  Mr.  S.  W.  Burn- 
ham  has  returned  to  Chicago  from  the  Lick  Observatory,  and  will  permanently 
reside  here. 

The  Chair  remarked  that  the  present  meeting  occurred  on  the  first  annivers- 
ary of  the  dedication  of  the  Kenwood  Observatory,  and  called  on  Mr.  R.  VV.  Pike 
for  remarks. 

Mr.  Pike  spoke  of  the  work  accomplished  fit  the  Observatory  during  the  first 
year  of  its  existence,  and  said  that  he  had  found  some  interest  taken  in  this  work 
by  astronomers  whom  he  had  recently  met  in  various  Euroi)ean  observatories. 

Professor  Hale  followed  with  an  account  of  the  investigations  now  in  pro- 
gress on  the  application  of  photography  in  recording  the  forms  and  spectra  of 
the  solar  spots,  facula;,  chromosphere  and  prominences.  During  the  year  19  lines 
have  been  discovered  in  the  ultra-violet  prominence  spectrum,  the  H  and  K  lines 
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have  Ix'CTi  found  to  lie  reversed  in  all  six»ts  and  facul/t,  and  a  practical  method  of 
photogrn piling  the  cliromospherCt  prominences,  spots  and  iacula*  in  a  single  pic- 
ture has  litfcn  devised,  and  is  now  in  daily  use. 

The  Chair  introduced  Dr,  S,  H.  Peabody,  President  of  the  Academy,  and 
Chiel  ot  the  Liberal  Arts  Department  of  the  World's  Columbian  Exposition,  Dr. 
I*eab(»dy  spnke  of  Newton':*  early  ex|)erimenLs  with  a  ri^uiid  hole  instead  ol  a  «ltt, 
and  of  the  immediate  results  of  Wollaston's  scihsiitution  of  a  narrow  slit  years 
Inter.  He  thought  that  the  advantages  resulting  from  the  application  of  phoio- 
jtjraiihie  methods  Lo  scdar  study  were  almost  coniimraljle  with  that  adv*»ijce,  He 
also  alluded  to  Schwobe's  long  years  ot  patient  observation  of  Stin>spot9,  and 
pointed  out  the  important  aid  of  photograjdiy  in  such  work. 

The  meeting  then  adjourned,  and  tht»se  present  (about  125  in  numl)er)  were 
given  an  opportunity  of  observing  Saturn  witli  the  12-inch  telescope. 

Applications  for  membership  in  the  Academy  have  l>een  received  by  the  Re- 
corder from  the  following  [jersons,  anil  placed  in  the  hands  of  the  Secretary  of  the 
Acad  em  v : 

f^csfdcnt  Memhcrs.-R,  W  Pike.  166  La  Salle  St,;  Frank  H.  Dicke\%  3G20 
Ellis  Ave  ;  W.  H.  Hine,  324  Ogden  Ave.;  Mrs.  \\\  H.  Hine,  324  Ogdcn  Ave.,  F. 
W,  S.  Bravvlcy,  3010  Lake  Park  Are,;  Cynthia  L.  Stone»  4544  Greenwood  Ave., 
Chicago, 

Associate  A/em/>er.— Clifford  C-  Smith,  No.  103fi  "The  Rooker}\'*  care  of  lit 
Steel  Co.,  Chicago.  geokgk  e,  uale,  RetMjrder. 


Astronomical  Society  of  the  Pacific— Af/mifes  of  the  meeting  of  the  board  af 
directors  held  at  the  Lick  Observatory  J  u  tie  11,  1S92.  President  Schacberie  took 
the  chair  and  a  tjuurum  was  present.  The  minutes  of  the  last  meeting  were  a|>» 
proved.  The  IH  members  following  were  elected:  Mrs,  H.  R-  Arndt,  San  Diego, 
Cab;  William  \V.  Austin,  Vineland,  Cumberland  Co.,  New  Jersey ;  W,  H,  Devitic, 
Nagasaki. Japan:  W.  S.  Eii:hell»erger.  VYesleyan  University,  M»ddleto\vn,  Conn.; 
Professtir  K.  Lee  Hamon.  Mvannts.  f^rant  Co,,  Nebraska;  Daniel  Hanlon,  1627 
Jackson  Street,  S.  P.,  Cal,  Mrs,  i'hebe  Hearst,  Caie  of  W.  R.  Hearst,  *' Exam- 
jner/' S.  F„  CaL;  Charles  \V.  Holden,  30  Congress  Street,  Boston.  Mass,;  C  G. 
Hubbard,  San  Jos^.  Cal;  Donaltl  King,  H  Church  Lane,  Strand.  I^ondon,  Eni?- 
land;  Frank  McClean,  M.  A.,  F.  R,  A.  S,,  Rusihall  House,  Tunbridge  Wells, 
England;  F.  Martens.  College  Point,  Queen*s  Co.,  New  York  :  J  Mesaer,  care  <jf 
Cwrl  Kicker.  Ncvsky  Prospect,  No,  14, St.  Petersnurg.  Russia:  Judge  F.  W.  Miner. 
Providence,  R.  1.;  James  L.  Park,  Braddock.  Ph.;  T.  J.  J.  Sec.  Zimmer  Str*  97 
Berlin,  Germany:  W.  T.  Sulzcr.  Louisville.  Ky,;  Professor  1^  Weinek.  Imf.>eriiil 
Observatory,  Prague,  Aiistro-Hungarv*  The  treasui"er  presented  his  report 
which  was  received  and  filed. 

Mr,  Pierson.  of  the  committee  on  Observatory  in  San  Francisco.  re|M>rtcd 
that  the  Park  Commissioners  had  kindly  granted  a  site  in  Golden  Gate  Park  for 
the  proposed  Observatory, 

The  frdlowing  resolution  was  moved  and  seconded  and  postponed  for  furtber 
consideration: 

Resolved^  That  the  Br-Laws  (Art.  II)  he  amended  by  aboHd^ing  the  status  of 
Honorary  and  Correspr>Tiding  members  and  making  the  necessary  verbal  changes. 
(See  PuhL  A.  .S\  R,  Vtd,  111,  page  1*J4. 1 

A//niftes  uf  the  uwetinff  of  the  Astronomical  Society  of  the  Pacific  held  at  th€ 
Lick  Observatory,  June  IT,  1S92:  President  Schuelierie  presided.  The  nunules 
of  the  last  meeting  as  printed  in  the  Ptjblicutions,  were  approved,  A  list  uf  pres- 
ents was  read  b^-  the  Secretary,  and  the  thanks  ol  the  Society  voted  to  the 
givers, 

Sfjecial  attention  was  called  to  the  l>eauiiful  album  of  engravings  of  ihr 
buildtngs  and  ins»truments  of  the  Nice  Observatory,  presented  l)y  Mr,  Bischuff- 
sheim,  the  founder  of  the  Observatory,  and  to  the  very  rare  med,'d  of  the  (treat 
Comit  of  IGHO  referred  to  in  Pub'l.  A.  S.  P„  VoL  IL,  i»:ige  124,  presented  by 
Protessnr  Hohlen. 

The  Secret  a ry  read  the  name^  of  meml>ers  duly  elected  at  the  meeting  of  tlie 
Direc  r  o  r s ,     T  he  f  cj  1 1  o  w  i  ng  p  rogra  m  m  e  was  p rese  n  ted  : 

1.  The  Lunar  EHipsc  ol  January.  1888,  by  Professor  Wemck,  of  Prague. 

2.  The  Pro|»er  Motions  ol  Stars  with  different  Spectra,  by  W.  H.  S.  Monck« 

of  Dublin. 

3.  The  McCormick  Observatory,  by  H.  A.  Sayre»of  the  Univer^ty  of  Vtrgsnia. 


I 
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4.  A  Trial  of  Poucault*8  Pcndulam  Experiment,  by  Torvald  K6hl,  of  Den- 

mark. 

5.  Notice  rejjarding  the  Astronomical  Exhibit  at  the  World's  Fair,  by  Geo. 

E.  Hale,  of  Chicago. 

6.  Verbal  Accounts,  by  Professors  Schaebcrle  and  Campbell,  of  Observations 

of  the  spectrum  and  magnitude  of  the  new  star  of  1892;  of  photo- 
graphic observations  of  the  Great  Sun  Spot  of  February,  1892 ;  and  of 
observations  of  the  spectrum  of  Swift's  comet.    Illustrated  by  photo- 
graphs made  at  the  Lick  Observatory. 
Recent  enlarged  photographs  of  Venus  and  of  Saturn  made  with  the  36-inch 
equatorial  and  an  enlarging  lens  by  J.  A.  Brashear  were  exhibited  to  the  members 
as  w^ell  as  similar  photographs  (by  Professor  Schaeberle)  of  the  re*jion  near  the 
New  Star  in  Auriga;  photographs  and  drawings  (by  Professor  Campbell)  of  the 
spectrum  of  the  New  Star  and  of  Swift's  comet;  and  some  very  successful  photo- 
graphs of  stellar  spectra  taken  in  the  2d  and  ^th  orders  of  a  Rowland  grating  of 
1-1',000  lines;  etc.,  etc.    Adjourned.  F.  R.  Ziel,  Secretary. 

The  Astronomical  and  Physical  Society  of  Toronto.— We  notice  with  interest 
the  reports  of  the  meetings  of  the  Astronomical  and  Ph\-sical  Society  of  Toronto 
in  the  various  papers  of  that  f>lace.  Since  our  last  issue  several  extended  reports 
of  the  society's  meetings  have  been  published,  which  not  only  indicated  unusual 
interest  in  the  chosen  field  of  the  society,  but  also  show  a  zeal  in  doing  some 
useful  work  in  lines  of  science  open  to  this  new  organization. 

The  nieeting  of  July  4-  presented  an  excellent  programme,  and  a  pretty  full  re- 
port of  it  is  given  lielow,  as  it  appeared  in  the  Toronto  Surprise: 

Among  the  communications  read  were  letters  from  Miss  Agnes  M.  Clerke,  of 
London.  England,  a  writer  of  high  rank  on  astronomical  subject  ^  and  a  corres- 
ponding meml>er  of  the  society,  who  sent  in  a  paper  entitled  'Nova  Auriga;" 
from  Mr.  J.  Ellard  Gore,  F.  R.  A.  S.,  and  from  the  directors  of  the  Observatories 
at  Melbourne,  Australia,  and  Bothkamp.  Germany.  Orders  for  copies  of  the  socie- 
ty's last  report  were  Jilso  received.  Lady  Wilson,  of  Toronto,  was  elected  a  life 
meml)er,  and  several  names  were  proposed  for  active  and  corresponding  mem- 
bership. A  (Tommittec  was  appointed  to  take  action  in  respect  to  the  proposal  to 
induce  astronomers  to  reckon  the  astronomical  day  from  midnight  instead  of 
from  noon,  as  now.  Interesting  drawings  of  solar  prominences  were  received 
from  Mr.  A.  F.  Miller,  and  of  Mars  from  Mr.  Arthur  Harvey,  who  also  reported 
having  observed  on  the  25th  of  June  a  well-defined  parhelion,  a  phenomenon 
unusual  at  this  season  of  the  year. 

The  paper  for  the  evening,  '*  Stellar  Distances  and  Motion,"  had  been  received 
from  .Mr.  J.  Ellard  Gore,  a  valued  contributor  to  sjientitic  publications  and  the 
author  of  several  excellent  works  on  astronomy.  It  consists  of  a  chai)ter  from 
his  forthcoming  book,  '"TheVisihle  Universe,"  and  had  l)ccd  sent  in  advance  of 
publication  by  special  permission  of  his  publishers,  Messrs.  Crosby,  Lockwoow  & 
Son,  London,  Englanrf,  who  own  the  copyright.  In  his  lucid  and  attractive  style 
Mr.  Gore  showed  that  the  determination  of  the  distance  of  the  stars  from  the 
Earth  has  alwa\'S  formed  a  subject  of  great  interest  to  astronomers,  and  that  a 
knowledge  of  the  relative  distances  of  bright  .and  faint  stars  is  of  the  highest  im- 
portance in  the  studv  of  sidereal  astronomy,  it  being  evident  that  if  we  could  ac- 
curately find  the  distance  of  every  star  and  also  the  distances  of  the  brighter  and 
fainter  portions  of  the  Milky  Way,  the  problem  of  the  construction  of  the  stellar 
heavens  w^ould  be  immediately  solved.  Notwithstanding  the  use  of  modern  in- 
struments of  precision,  the  distances  of  but  few  stars  have  been  ascertained  with 
any  approach  to  accuracy.  In  the  course  of  his  admirable  pai)cr,  the  author  re- 
ferred to  the  earlier  astronomers,  including  Tycho  Rrahe,  Kepler  and  Huyghens, 
some  of  whom  thought  the  stars  had  no  measurable  parallax,  and  others  that  the 
determination  of  the  stellar  distance  by  observations  was  impossible;  Sir  William 
Herschel,  who,  while  working  vainly  upon  the  problem,  made  the  splendid  dis- 
covery of  binary  sj'stems;  to  the  parallax  of  fixed  stars  and  the  method  of  deter- 
mining it;  to  the  methods  of  computing  a  star's  distance  in  miles  by  simply 
multiplying  the  Sun's  distance  by  206,205,  and  dividing  b}'  the  observed  parallax, 
and  of  reducing  distances  to  "light-years;"  to  the  fact  that  the  brightness  of  a 
star  is  no  test  of  its  distance;  to  the  use  of  the  s|)ectroscoi)e  in  determining  the 
motion  of  stellar  objects  moving  in  the  line  of  sight,  and,  among  other  branches 
of  his  subject,  to  the  discovery  that  the  solar  system  is  itself  in  motion  towards  a 

goint  in  Hercules,  a  constellation  overhead  at  Toronto  every  evening  at  an  early 
our. 


The  prcdictii)tis  included   the  oecultation  bv  the  Moon   of  25  Scornioni*  nt 
12:4-1  A.  M  .  July  7;  of  B.A.C.  6,G6G  at  7:40  r.  m  ,  July  9,  of  ^5  Copncomt  at 
8r23,  JuJy  II,  and,  on   the  same  evemng.  of  the  planet   Mars  shttrtly  after  II 
o'clock.     The  Moon*  which  will  be  about  two  days  past  the  full  phase,  will  rise 
at  9  il  with  the  planet  a  little  to  the  east  of  it.    Mars  will  disappear  behind  tUiti 
bright  limb  of  the  Moon,  and  should  reappear  from  )>ehiiid  the  shaded  limb  about  I 
12  minutes  nfter  midnij?ht     The  phenomenon,  which  will  be  visible  to  the  nuked  ( 
eye,  is  not  a  common  one,  and  will   prove  to  be  worth  careful  observation  br  j 
amateurs;  any  telescope,  and  almost  any  opera-glass,  will  greatly  tidd  to  the  in- 
terest of  the  occultation. 
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High  School  Algebra,  embracing  a  complete  course  for  High  Schools  and  Acad- 
emies. By  William  J.  Milne,  Ph,  D.,  L.L.  D.»  President  of  New  York  Stnte 
Normal  College,  Albany,  X.  \\  '*Milne*a  Induetive  Algebra"  revised  and  en* 
larged.  Published  by  the  American  Book  Compan3%  New  York,  Cincianiiti, 
and  Chicago. 

In  the  revision  of  this  Algebra,  the  author  has  kept  steadily  in  mind  the  **  in- 
ductive idea  "  in  teaching,  which  he  thinks  worthy  of  a  prominent  place.  In  this 
he  is  certainly  riqht  in  a  very  important  sense.  In  training  a  student  in  Algc 
braic  processes,  it  is  one  thing  to  work  mainly  for  a  result,  it  is  quite  another 
thing  to  seek  for  a  result  by  a  clear  and  definite  logical  process.  The  sttsdeni 
naturally  will  work  for  an  answer,  often  think  little^  and  sometimes  care  bttlc 
about  his  method  of  argument,  provided  it  does  not  involve  manifest  absurdity. 
At  this  point,  more  thnn  any  other,  are  the  biv»k  and  instructor  valuable.  If 
these  guide  the  student  wisely,  interest  and  growth  of  mental  power  always  toU 
low. 

The  inductive  plan,  so  culled,  consists  in  6rst  giving  a  considerable  number  of 
mental  exercises  which  are  intended  to  bring  to  the  mind  of  the  student  the 
ideas  of  the  definitions  to  be  stated  in  careful  way  later,  and  which  arc  appropri- 
ate to  the  $ul>iect  tinder  consideration.  After  the  definitions  belonging  to  the 
topic  arc  given  there  follows  a  statement  of  principles,  set  out  plainly  in  suitable 
type,  so  as  to  gain  the  attention  fully  and  projcrly  relate  them  to  other  seconil- 
ary  work  intended  only  lur  illustration.  It  is  a  hard  thing  for  a  stud««nt  to  learn 
that  a  problem  or,  an  example  even,  is  intended  only  to  illustrate  a  principle^ 
The  plan  of  this  book,  in  this  res|Kxt,  is  c|uite  like  that  use<l  by  Mr  E.  E.  White  In 
Ins  complete  arithmetic.  That  book  is  well  known  among  teachers  for  its  excel* 
lence. 

The  range  of  topics  of  this  algebra  is  abundantly  wide,  examples  varied  aiMl 
numerous,  and  there  is  a  useful  scries  of  review  exercises  at  its  close.    The  pdntjii^] 
and  paper  arc  excellent  and  it  is  the  best  bound  text-book  we  have  seen  in  many  ■ 
a  day» 


A  Treatise  on  Plane  and  Spherical  Trigonometry,  by  E,  Miller,  A.  M..  Professor 
of  Mathematics  and   Astronomy  in  the  University  of  Kansas.    Publishers, 
Messrs.  Leach,  Shewcll  and  Sanborn,  Boston  and  .New  York. 
Within  a  compass  of  110  pages,  Professor  Miller  has  given  us  the  essentials  of 
Trigonometry  in  this  new   book.    His  definitions  are   well  stated,  illustrations 
clear,  figures  good,  and  examples  sufficient  for  practice,  though  not  as  abundant 
as  in  some  late  authors.    Almost  exactly  one-half  of  the  book  is  devoted  to 
spherical  Trigonometry,  which  treats  this  part  of  the  study  more  genera lly  than 
elementary  text-books  usually  do.    The  formation  of  the  fundamental  formnlie 
is  at  once' undertaken  b^  the  aid  of  geometrical  figures  which  involve  the  use  of 
the  polar  triangle.    While  this  is  an  excellent  way  to  instruct  students  in  Trigon- 
ometry who  have  had  some  experience^  it  seems  to  us  that  it  would  be  a  severs 
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method  for  those  who  are  pursuing  the  study  for  the  first  time,  especially'  if  they 
have  not  had  the  preparatory  training  in  Plane  Trig«>nometry  which  involves 
large  use  of  formulse  and  functions.  We  are  aware  that  the  author  has  adopted 
Chauvenet's  good  ideas  here,  and  we  know  they  are  good  from  actual  test  in 
past  studies  in  this  branch,  but  what  we  fear  in  the  arrangement  of  matter  is 
the  difficulty  of  the  task  which  the  beginner  will  be  asked  to  undertake  before  he 
has  sufficient  foundation  in  spherical  thinking  to  enable  him  to  carrj'  the  pro- 
cesses without  undue  strain  or  discouragement.  If  sufficient  time  be  given  to  the 
work,  and  the  daily  assignments  of  lesson  be  sufficiently  limited,  of  course  the 
book  may  be  used  successfully.  The  instructor  would  have  to  be  on  his  guard 
continually  to  avoid  assigning  too  much  or  he  would  overtax  the  student  or 
cause  him  to  make  imperfect  preparation.  We  have  little  doubt  but  that  Profes- 
sor Miller  would  know  how  to  use  this  book,  but  we  fear  many  others  would  fail 
in  tr^-ing  it.  The  sets  of  examples  furnish  a  thorough  review  of  principles  of 
Trigonometry,  and  the  student  who  masters  them  all  would  certainly  be  en- 
titled to  a  good  standing  in  the  branch  in  any  college. 

The  publishers  have  made  a  neat  and  a  very  attractive  book,  and  we  are  sure 
that  those  interested  in  teaching  Trigonometry  will  be  profited  by  its  thorough 
examination.  The  book  is  not  provided  with  logarithmic  or  trigonometric 
tables.  

A  Drill  Book  in  Algebra.  By  Professor  George  William  Jones,  of  Cornell  Uni- 
versity. First  edition.  Published  by  George  W.  Jones,  Ithaca,  N.  Y.,  1892, 
pp.  272,  12  mo.  Cloth.  By  mail  60  cents.  An  answer  book  and  a  box  of 
question  cards  in  preparation. 

This  is  the  fourth  book  in  the  mathematical  series  by  Professor  Jones  already 
published,  and  is  designed  for  the  more  advanced  classes  in  the  High  Schools  and 
Academies  and  for  lower  classes  in  the  Colleges.  The  name  of  Drill-book  is  well 
chosen.  It  is  exactly  that.  The  book  presents  nine  different  topics,  v.'z.:  The  pri- 
mary operations  of  arithmetic,  the  primary  operations  of  algebra,  simple  equa- 
tions, measures  and  multiples,  variations,  proportions,  inequalities,  incommen- 
surable numbers,  powers  and  roots,  quadratic  equations,  the  three  progressions, 
logarithms,  permutations,  combinations  and  probabilities.  Under  each  of  these 
topics  there  are  from  four  to  seven  sub-heads,  or  sections,  which  discuss  the 
different  features  of  the  topic,  closing  a  series  of  questions  for  review  appropriate 
to  the  same.  It  is  easy  to  see  how  a  live  teacher  with  such  a  book  as  this  in 
hand  could  easily  arouse  a  class  of  students  to  high  endeavor  and  useful  result. 
We  are  sure  teachers  of  algebra  will  be  interested  in  examininq:  this  new  book. 
Its  cost  is  remarkablv  small. 


Determinants.    An  introduction  to  the  study  with  examples  and  applications  b^' 
G.  A.  Miller,  Ph.  D.,  Professor  of  Mathematics  in  Eureka  College,  and  pub- 
lished by  the  D.  Van  Nostrand  Company,  23  Murrav  and  27  Warren  streets, 
New  York.     18  mo.     Boards,  jpp.  110.     IVice  50  cents,  1892. 
This  httle  book  is  No.  105  of  Van  Nostrand 's  Scientific  Scries,  and  it  is  the 
first  of  thai  series  that  we  have  seen.     We  think  enough  of  it,  to  put  it  into  our 
pocket  to  read  at  odd  si>ells,  so  as  to  have  a  little  mental  recreation  when  chance 
opportunity  is  offered.    Any  student  wanting  a  good  introduction  to  Determin- 
ants in  convenient  form,  may  profitably  examine  this  book.    The  topics  briefly 
and  plainly  treated  are  as  follows:  History  of  Determinants,  nature  of  Determ- 
inants, Inversions  and  permutations,  meaning  of  notation,  different  methods  of 
notation,  Determinants  of  the  second  order.  Determinants  of  the  third  order,  in- 
creasing the  order  by  borders.  Complementary   minors,  applications  to  linear 
equations,  consistence  of  linear  equations,  factors  of  a  Determinant,  multiplica- 
tion of  Determinants,  symmetrical  Determinants  and  elimination. 


Abroad  ao4  at  Home  is  a  neat  book  of  251  pages  by  Morris  Phillips,  editor  of 
•*  Home  Journal,*'  New  York,  published  by  the  Brentanos,  Paris,  Washington, 
Chicago  and  London,  containing  practical  hints  for  tourists. 

Within  so  narrow  a  compass  this  book  gives  to  the  tourist  a  good  introduc- 
tion to  principal  points  on  main  thoroughfares  in  Great  Britain  and  Paris  if  go- 
ing abroad,  and  if  traveling  in  the  United  States,  of  course,  the  sight-seer  must 
▼iait  Georgia,  Florida  or  California,  and  the  resorts  in  these  directions  are  alluded 
to  in  the  latter  part  of  the  book  in  helpful  way. 


Errata  in  Article  on  Color  of  Sirius.— Below  will  be  found  a  list  of  corrections 
which  Mr*  Sec  wishes  to  lie  noted  in  reading  his  article  on  the  History  ot  the 
Color  of  Strius.  Some  errors  were  due  to  proof  readcrst  The  copy  of  the  Gre^k 
words  was  in  script  and  some  of  them  very  untertnin*  A  numljer  of  changes 
indicated  were  not  in  the  copy^  as  wc  notice  by  comparison: 

Page270»  line  3,  iniHktj6ty;  line  6»  read  X'^i*'*^;  line  8.  read  itvptrx'p^:  \\t 
16,  read  ihc  Scorpion,  [fAe  was  not  in  copy];  bottom  line  read  nafk^air^4, 
Page  272,  under  Aratusline  6*  Mvron.  Under  Gcniinus,  first  line  of  Greek  read 
{HvQif),,  last  line  hvvo^.  In  this  passage  dnotpofm  had  better  be  translated 
"influences'*  instead  of  "exhalations."  Fa^c  273^  line  2»  read  Matthiffi.  In  the 
Greek  ol  Erastosthenes  the  semi-colons  (*)  should  be  inserted  after  XiytTitt  and 
HaXoi>^t,  Page  374-,  in  the  second  quotation  from  Cicero  read  eandorcmqoc, 
(copy  bad)*  Page  375^  first  rjuotation  from  Plutarch  the  accent  on  ^  l6i^o^  i» 
somewhat  misplaced.  In  the  second  quotation  from  Plutnrch  the  first  word 
should  be  ^\ifivf-'i;  in  the  last,  read  t6v  ^k  hvk^a.  In  the  last  word  cited  from 
Pljotius  there  should  be  a  final  y^  it  was  not  in  copy.  The  king  of  Egypt  referred 
to  should  i^e  Ptolemy  IH-Iiuergcstes  L  Page  375  last  line,  read  il^i.  Page  37*1 
under  Horace  first  line  of  quotation  read  reducto*  Page  377,  in  quotation  from 
Seneca  read  Martis,  Page  378,  in  quotation  from  Columella,  first  line,  read 
Dionaeis,  and  in.«crt  comma  alter  hortiis;  the  comma  after  Cultu  should  stand 
after  Hortornm  (omitted  from  copy  in  both  cases!.  Page  379,  under  Fcsttis.  0th 
line  from  bottom,  the  comma  after  word  should  stand  after  Catnlnria  (not  ifi 
copy).  Page  380,  iindcr  Ptolemy,  nakovftivoi  should  not  have  capital  **\  and 
A  t^ojr  should  be  accented  (copy  uncertain).  Mr.  Baile3^'s  name  is  Francis,  The 
summary  is  capitnlized  exactly  as  the  copy.  Copy  of  this  kind  in  the  future  wiU 
not  be  accepted  unless  better. 


PUBLISHER'S  NOTICES. 


The  subscription  price  to  Astronomy  and  Astro-Phvsics  in  the  Tu'ied  Stale 
and  Canada  is  $4-J>0  per  year^  in  advance.     For  foreign  countries  it  is  $l-.+0  j^ 
year  which  is  the  uniform  price.     Messrs.  Wesley  &  Son,  28  Essex  Street,  Strand/ 
London,  are  authorized   to  receive  subscriptions.     Payment  should  lie  made  in 
postal  notes  or  orders  or  bank  drafts.    Personal  checks  for  subscril^rs  in  the 
United  States  may  l^e  used. 

Currency  should  always  be  sent  by  registered  letter. 

Foreiffn  post-oflicc  orders  should  always  be  drawn  on  the  po»t-ofiice  in 
North  field,  Minnesota,  l*.  S.  A. 

All  communications  pcrtainnig  to  Astro-Physics  or  kindred  branches  of 
Physics  should  be  sent  to  George  E.  Hale,  Kenwood  Astro- Physical  Obscrvatorr 
Chicago,  III. 

All  matter  or  correspondence  relating  to  General  Astronomy,  remittances. snb- 
acriptions  and  advertismg  should   be  sent  to  Wni.   \V,  Payne,  Publisher  of  As- 
JTRONOMY  AND  AsTRO'pHYsics»  Goodsell  Obscrvatory  of  Caflcton  College,  North- 
field,  Minn. 

Manuscript  for  publication  should  be  written  on  one  side  of  the  paj>er  onlyj 
and  special  care  should  be  taken  to  \%'rite  proper  names  and  all  foreign  name 
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ON  ASTRONOMICAL  PHOTOGRAPHY  WITH  COMMERCIAL  LENSES.* 


WM.  HARKNBSS. 


Since  Barnard,  Russell  and  Wolf  have  shown  what  excellent 
photographs  of  the  heavens  can  be  made  with  ordinary  commer- 
cial lenses,  persons  anxious  to  attempt  that  line  of  work  fre- 
quently make  such  inquiries  as  the  following : 

What  sizes  and  makes  of  photographic  lenses  are  suitable  for 
stellar  work  ? 

What  is  the  best  ratio  of  aperture  to  focal  distance? 

Is  it  worth  while  to  try  anything  of  less  than  six  inches  aper- 
ture? 

Can  good  work  be  done  with  a  four-inch  portrait  lens,  and  is  it 
probable  that  a  lens  of  that  kind  can  be  obtained  which  will 
prove  satisfactory  without  refiguring  ? 

The  proper  answers  to  these  questions  all  depend  upon  a  few 
simple  principles  which  may  be  stated  briefly,  as  follows : 

A. — The  focal  distance  of  the  lens  employed  determines  the  scale 
of  the  resulting  photographs,  which  are  indeed  maps  of  the 
heavens  whereon  each  degree  of  declination  is  represented  by  a 
space  equal  to  one-57th  part  of  the  equivalent  focus  of  the  gene- 
rating lens ;  or  more  accurately  : 

One  degree  =  0.017452  (equivalent  focal  distance  of  lens). 

For  example,  a  lens  of  eight  inches  equivalent  focus  will  give 
photographs  on  the  same  scale  as  Argelander's  Uranometria 
Nova;  one  of  ten  inches  focus  will  give  photographs  on  the 
scale  of  Proctor's  large  star  atlas;  one  of  44.5  inches  focus  will 
give  photographs  on  the  scale  of  Argelander's  Durchmusterung 
star  charts;  and  one  of  the  134.6  inches  focus  will  give  photo- 
graphs on  the  scale  of  Chacomac's  Atlas  Ecliptique.  In  thelatter 
work  a  minute  of  arc  is  represented  by  a  space  of  one  millimeter, 
and  that  is  the  scale  which  has  been  adopted  for  the  great  inter- 

*  Communicated  bj  the  author. 
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When  the  Paris  international  committee  for  the  production  of 
a  photographic  chart  of  the  heavens  began  their  labors,  they 
naturally  assnmed  L  to  be  identical  with  Argelander's  light  ratio 
for  visual  star  magnitudes,  namely  2.512,  and  it  is  not  easy  to 
show  why  that  assumption  was  erroneous,  but  the  fact  is  now 
beyond  question.  In  connection  with  our  own  result,  it  may  be 
well  to  give  some  of  the  values  found  by  other  investigators. 

In  the  "Reunion  du  Com.  Int.  Per.,  1891,  pp.  93-96,"  Dr.  J. 
Scheiner  gives 

From  plates  exposed  on  the  Pleiades 

Z,  =  2.5  -T-  0.53  =  4.72 

From  plates  exposed  on  artificial  stars 

L  =  2.5  -r-  0.71  =  3.53 

From  the  diameters  of  stellar  disks  in  the  negatives  of  the  Plei- 
ades 

1st  negative,  L  =  2.5  -5-  0.75  =  3.34 
2nd  negative,  Z,  =  2.5  -r-  0.66  =  3.79 

From  a  comparison  of  two  plates  of  the  region  surrounding  e 
Orionis,  one  exposed  one  hour,  the  other  eight  hours, 

Z,  =  2.5  ^  0.63  =  3.97, 

and  from  these  data  he  concludes  that  L  must  lie  between 

2.5  -^  0.5  =  5.0  and  2.5  ^  0.75  =  3.34. 

In  the  Monthly  Notices  of  the  Royal  Astronomical  Society, 
1892,  Vol.  52,  p.  265,  Mr.  R.  L.  J.  Ellery  gives,  from  experiments 
made  at  the  Melbourne  Observatory,  L  =  3.16. 

Although  these  values  of  the  photographic  light  ratio  by 
Scheiner  and  Ellery  are  based  upon  a  comparatively  small  range 
of  star  magnitudes,  they  acquire  importance  on  account  of  the 
near  agreement  which  they  exhibit  between  results  derived  from 
so  many  radically  different  methods.  The  mean  of  all  Scheiner's 
results,  except  the  first,  is  3.60,  Ellery's  result  is  3.16,  and  our 
own  is  3.27. 

Reverting  now  to  the  questions  propounded  at  the  beginning 
of  this  article,  and  attempting  to  answer  them  in  accordance 
with  the  principles  developed,  we  are  led  to  the  following  conclu- 
sions : 

1.  Thoroughly  good  photographs  of  the  heavens  may  be 
taken  with  any  commercial  photographic  lens  giving  sharp  de- 
finition, and  having  an  aperture  not. less  than  one-tenth  of  its 
focal  distance,  but  the  scale  of  the  picture  will  depend  upon  the 
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focal  distance  of  the  letis*  Nevertheless,  if  the  original  negatives 
are  inconvenientl}^  small,  it  will  usually  be  possible  to  make  en- 
largements from  them. 

2.  In  order  to  get  photographs  of  nebulie  showing  as  great 
an  extent  of  nebulosity  as  those  taken  by  Barnard^  Russell  and 
Wolf,  it  is  only  necessary  to  use  the  same  exposure  coefficients  as 
they  have  done.  That  is,  the  times  of  exposure  must  be  calcu- 
lated from  formula  (1)  with  the  values  of  C  given  in  Table  L 

3.  Formute  (1),  (5)  and  (6)  show  that  the  time  of  exposure 
for  nebulae  is  proportional  to  the  square  of  the  ratio  of  the  focal 
distance  of  the  lens  to  its  aperture,  and  is  independent  of  the  size 
of  the  lens;  while  the  time  of  exposure  for  a  star  depends  only 
upon  the  aperture — that  is,  the  size  of  the  lens — ^and  is  indepen- 
dent of  the  ratio  of  focal  distance  to  aperture.  From  this  it  fol- 
low^s  that  a  small  lens  may  photograph  a  nebula  as  nvpidly  as  a 
large  one,  or  even  more  rapidly;  but  in  order  to  photograph 
faint  stars,  the  lens  must  either  be  very  large,  or  the  ex[josures 
very  long.  The  limiting  magnitude  reached  on  any  negative  can 
be  calculated  quite  approximately  by  formula  (5)  or  (G). 

On  account  of  the  undue  confidence  in  photography  which  is 
now  so  much  the  fashion,  it  seems  desirable  to  point  out  that  a 
photograph  of  a  nebula  may  present  a  very  different  appearance 
from  the  object  itself.  To  illustrate  this,  imagine  two  negatives 
of  the  same  nebula,  one  exposed  4''  22'"  w' ith  Baniard*s  portrait 
lens  of  5.9  inches  aperture  and  31  inches  focus,  and  the  other  ex- 
posed 3^'  58*"  with  Robert's  telescope  of  20  inches  aperture  and 
100  inches  focus.  According  to  formula  (1)  these  two  negaiives* 
will  have  the  same  exposure  coefficient,  and  wnll  be  quite  identical 
with  respect  to  the  amount  of  nebulosity  show^n,  but  according 
to  formula  (5),  the  first  \xi\]  show"  stars  down  to  the  13.1 
magnitude,  wlrle  the  second  will  show  them  down  to  the  15.1 
magnitude;  or  in  other  words,  the  second  negative  will  exhibit 
three  or  four  times  as  many  stars  ;»s  the  first.  Of  course  the  two 
pictures  w^ill  present  a  very  different  appearance.  Which  is  cor- 
rect»  and  does  either  of  them  represent  anything  that  can  ever  be 
seen  by  examining  the  heavens  visuall}^  through  a  telescojie? 
Furthermore,  in  view  of  such  facts,  have  we  any  reason  to  be 
surprised  at  the  differences  which  notorioush'  exist  between  the 
best  drawings  of  nebulae  and  photographs  of  the  same  objects  ? 

Washington,  D,  C„  August  13, 1892, 
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THE  PLANET  SATURN  AND  ITS  SATELLITES.* 


WILLIAM  a.  PICKERING. 


The  planet  Saturn  has  proved  to  us  of  all  bodies  in  the  solar 
system  perhaps  the  most  disappointing.  With  superb  definition, 
and  almost  unlimited  magnification,  it  was  hoped  that  its  as- 
sumed analogy  with  Jupiter  would  permit  us  to  observe  some- 
thing not  visible  under  more  adverse  circumstances.  Nothing 
has  been  found,  however,  that  could  not  be  seen  with  a  six-inch 
telescope  at  home.  The  planet  is  of  course  a  very  beautiful  ob- 
ject under  one  thousand  diameters,  every  belt  and  shadow  per- 
fectly defined,  and  presenting,  save  for  the  loss  of  light,  the  same 
appearance  that  it  would  have  with  the  naked  eye  from  one  of 
its  own  satellites,  but  nothing  new  is  seen,  no  more  detail  is  de- 
veloped. The  planet  seems  to  be  a  mere  dead  mass  of  cloud,— 
and  saving  for  a  few  faintly  marked  belts,  to  be  as  structureless, 
and  uninteresting  as  the  planet  Venus.  It  gives  no  evidence  of 
those  rapid  currents  and  violent  outbursts,  due  presumably  to 
intense  internal  heat,  that  render  Jupiter  such  an  interesting 
body  when  viewed  through  a  large  telescope.  The  surface  seems 
perfectly  quiescent  like  that  of  Uranus  and  Neptune,  as  if  the 
planet  had  entered  upon  a  phase  of  its  existence  where  the  central 
nucleus  still  gave  out  sufficient  heat  to  retain  gases  such  as  steam 
in  the  form  of  cloud,  but  where  violent  upheavals  can  no  longer 
occur,  except  under  exceptional  circumstances.  The  three  outer 
planets  it  seems  to  me  should  be  classed  together,  while  Jupiter 
stands  alone  by  itself. 

A  careful  study  of  the  surface  has  been  made  upon  eighteen  dif- 
ferent nights  since  the  first  of  February',  in  the  hope  of  finding 
some  si>ot  or  other  detail  similar  to  that  recently  described  by 
Mr.  Williams.  Unfortunately  nothing  has  been  found,  and  we 
must  consider  him  to  have  been  unusually  favored  by  fortune, 
and  his  observations  to  be  the  more  important  on  account  of 
their  rarity.  It  is  to  be  hoped  that  in  the  future,  should  distinct 
markings  be  discovered  upon  either  Venus  or  Saturn,  that  the 
matter  will  be  communicated  at  once  to  astronomers  generally, 
by  telegraph,  in  order  to  secure  as  many  observations  upon  them 
as  possible.  Hazy  and  indistinct  markings  upon  Venus  are  of 
course  often  seen,  and  it  is  possible  that  some  of  them  are  gen- 
uine, and  not  due  to  our  own  atmosphere.    I  have  noticed  how- 

*  Commanicat«d  by  the  author. 


ever,  that  it  is  much  easier  to  find  such  markings  when  the  limb 
of  the  planet  is  wavering  than  when  it  is  sharp  and  well  defined. 
Spots  upon  Venus  to  be  of  any  real  interest  to  astronomers 
should  be  sufficiently  well  marked  to  admit  of  exact  measurement 
and  subsequent  identification. 

While  no  detail  other  than   the   belts   has  been  found  upon 
Saturn,  a  mere  statement  of  that  fact  may,  on  account  of  our 
favorable  opportunities  for  observation,  be  Avorthy  of  record* 
In  regard  to  facts  pertaining  to  the  satellites,  however,  we  have' 
been  more  favored.    Titan   readily  yields  to  a  power  of  700  di- 
ameters, and  presents  a  sharply  defined  disc  appreciably  darker 
than  that  of  the  planet.    On  the  evening  of  May  6,  while  making 
a  careful  scrutiny  of  the  surface  of  Saturn,  a  small  semi-circular 
projection   was  suddenly  noticed   upon   the  following  limb  justj 
north  of  the  ring.    This  was  seen  to  grow  in  size,  and  it  waa^ 
soon  recognized  that  we  were  watching  a  reappearance  of  Titan 
from   lichind   the  i)lanet.     In  about  three  minutes  from  the  first 
observation  the  emergence  was  complete,  and  a  narrow  black^ 
thread  separated  the  two  discs. 

The  eye-piece  which  was  furnished  with  our  micrometer  gives  a 
magnification  of  350  diameters,  but  it  was  found  that  for  the 
delicate  work  required  of  it  here  this  power  was  quite  inade- 
quale  and  another  eye-piece  was  made  by  remounting  the  lenses 
of  one  which  had  been  fitted  for  use  directly  in  the  telescope. 
With  this  latter  eye-piece  all  of  our  more  recent  measurements 
have  been  conducted.  Our  first  measures  ot  the  diameter  of  Ti- 
tan were  made  in  the  ordinary  manner,  by  setting  the  micrometer 
threads  at  a  distance  apart  of  one  second,  and  estimating  the 
diameter  of  the  satellite  in  terms  of  this  distance.  This  gave  a 
result  of  0". 8.  Later  it  was  found  that  it  was  better  to  use  as 
our  standard  dimension  the  diameter  of  one  of  the  threads  itself. 
The  thread  was  found  to  measure  ,010  mm.  and  to  subtend  O/'-t-. 
The  thread  could  be  illuminated  until  it  was  of  about  the  same 
brightness  as  the  satellite,  and  much  more  satisfactory  compari- 
sons could  thus  be  made.  By  this  means  it  was  found  that  the 
diameter  of  Titan  subtended  about  0",7  and  that  it  did  not  ex- 
ceed 0".8,  nor  was  it  less  than  0".6.  These  measurements  were 
made  in  the  early  part  of  June;  they  would  therefore  corresponc 
to  a  diameter  of  exactW  3,000  miles.  Employing  Stone's  value 
the  mass,  ^^V^*  ^'^^^  ^^  ^^^  primary,  this  would  give  a  density  of 
.38  that  of  the  Earth.  Previous  determinations  of  the  diameter  J 
of  Titan,  given  by  Young  and  Chambers,  are  3,500  and  3,300 • 
miles  resjKfctively,  I  have  not  been  able  to  find  the  original 
authorities,  as  our  library  here  is  somewhat  limited. 
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Observations  upon  lapetus  give  a  diameter  of  0/'4,  correspond- 
ing to  1,700  miles.  It  is  much  more  dij£cult  to  measure  than  Ti- 
tan, and  the  result  is  accordingly  liable  to  a  greater  uncertainty. 
Tethys,  Dione  and  Rhea  appeared  smaller  and  brighter  than  la- 
petus, which,  when  these  observations  were  made,  was  in  the 
eastern  part  of  its  orbit,  two  days  before  opposition.  As  is  well 
known,  lapetus  undergoes  a  considerable  change  of  brilliancy  in 
different  portions  of  its  orbit,  being  darkest  on  the  eastern  side. 
As  the  Arequipa  telescope  is  of  only  13  inches  aperture,  even  a 
geometrical  point  like  a  star  gives  a  disc  0''.3  in  diameter,  and  no 
matter  how  perfect  the  atmosphere,  or  how  great  the  magnifica- 
tion, no  disc  smaller  than  this  can  be  measured  with  it  from  theo- 
retical reasons.  The  diameters  of  the  smaller  satellites  can  there- 
fore only  be  measured  with  an  instrument  of  larger  aperture  giv- 
ing smaller  diffraction  images. 

There  are,  however,  still  two  methods  left  to  us  for  determin- 
ing the  approximate  diameters  of  these  satellites.  One  is  to 
watch  them  during  eclipse,  and  note  the  time  that  elapses  from 
the  instant  when  the  satellite  clearly  begins  to  fade,  as  compared 
with  the  others,  until  it  entirely  disappears.  This  time,  com- 
pared with  the  velocity  of  the  satellite  in  its  orbit,  will  give  us  a 
minimum  value  for  its  diameter.  This  method  was  actually  em- 
ployed by  Professor  Young  a  few  years  ago  with  regard  to  Rhea, 
although  I  have  not  his  results  at  hand.  The  other  method  de- 
pends on  the  assumption  that  they  all  have  the  same  albedo  as 
Titan.  Then,  given  their  photometric  magnitudes,  their  true  di- 
ameters can  be  computed.  From  obser\'ations  made  here,  we 
know  that  this  method  could  be  safely  applied  to  the  three  inner 
satellites  of  Jupiter.  If  we  apply  it  to  those  of  Saturn,  we  shall 
get  the  following  results: 


Satellite. 

Magnitude. 

Apparent 
Diameter. 

Diameter. 

Young. 

Chambers. 

Mimas 

128 

0  15 

600 

600 

1000 

Enceladus 

123 

.18 

800 

800 

■> 

Tethys 

11.4- 

.28 

1200 

1100 

5*00 

Dione 

U.5 

.27 

1100 

1200 

500 

Khea 

10.8 

.35 

1600 

1500 

1200 

Titan 

9.4 

.70 

3000 

3v500 

3300 

Hyperion 
lapetus  (mass) 

13.7 
11.4 

10 
.28 

400 
1200 

500 
2000 

-> 
1800 

In  the  above  table  the  photometric  magnitudes  given  in  the 
second  column  were  determined  bj'  Professor  E.  C.  Pickering, 
and  will  be  found  in  the  Harvard  Annals,  Vol.  XI,  p.  276.  The 
third  column  gives  their  computed  mean  apparent  diameters 
upon  the  above  assumption,  the  fourth  their  corresponding  di- 


ameters  in  miles,  aod  the  fifth  and  sixth,  their  diameters  in  miles 
according  to  Young  and  Chambers.    It  is  probable  that  the  al- 
bedo of  lapetus  is  less  than  that  of  Titan,  and  that  its  diameter  j 
is  therefore  greater  than  that  given  in  the  table,  as  indicated  by  I 
the  direct  measurements. 

Attempts  have  been  made  here  to  see  the  shadows  of  the  satel- 
lites cast  upon  the  planet;  but  hitherto  entirely  without  success. 
The  most  favorable  satellite  for  this  purpose  is  Titan,  which ' 
casts  a  shadow  whose  umbra  measures  0".52  in  diameter.  Un- 
fortunately no  transits  of  this  satellite  have  occurred  at  a  time 
suitable  for  observation.  The  satellite  casting  the  next  largest 
^shadow  is  Rhea,  the  diameter  of  its  shadow  being  0".28.  Its 
shadow  was  looked  for  most  carefully  on  the  nights  of  May  21, 
and  June  8,  at  a  time  when  it  was  central  on  the  disc.  Although 
the  conditions  were  very  favorable,  and  various  powers  of  from 
450  to  2100  were  employed,  the  search  was  entirely  without  re- 
sult. The  shadows  of  Mimas  and  Dione  have  also  been  sought 
for  without  success.  In  the  latter  case  I  was  aided  b}-  xny  assist- 
ant, Mr.  A.  E.  Douglas,  and  various  powers  from  160  upwards 
w^ere  employed.  Neither  of  us  were  able  to  even  glimpse  the 
shadow,  although  the  night  was  tinexceptionable.  When  we 
consider  how  difficult  it  is  with  a  small  telescope  to  see  the  dark 
space  between  two  moderately  faint  stars,  separated  by  0".28, 
even  when  we  can  select  two  stars  of  the  most  suitable  bril- 
liancy, it  is  perhaps  not  to  be  wondered  at  that  with  such  a  bril- 
liant light  as  the  disc  of  Saturn  surrounding  the  dark  space  upon 
all  sides,  the  shadow  is  a  very  difficult  object  to  detect. 

Arequipa.  Peru,  June  27,  1892, 


SOME  ADDITIONAL   POINTS   RELATING  TO  COMETS," 


GBORGB  W.  COAKLEV.t 


In  Astronomy  and  Astro-Physics,  No.  102,  an  aitcmpi  was 
made  to  demonstrate,  that  there  was  no  repulsion  by  the  Sun  of 
any  portion  of  a  comet.  Several  mathematical  friends  of  the 
writer^  after  careful  examination  of  that  pa|>er,  have  testified 
their  opinion  of  the  solidity  of  the  demonstration.  In  conducting 
the  arguments  the  statement  was  made  that  a  comet  maj''  best  be 
regarded  as  a  mass  of  purely  gaseous  matter.    But  the  present 

*  Communicatfd  by  the  author. 
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prevailing  view  of  a  comet's  constitution  is  that  given  by  Profes- 
sor Young  in  Art.  737  of  his  **  Text-Book  of  General  Astronomy, 
for  Colleges  and  Scientific  Schools."  Professor  Young  states  it 
as  follows : 

"  Perhaps  on  the  whole  the  most  probable  hypothesis  is  the  one 
which  has  been  hinted  at  repeatedly,  that  a  comet  is,  as  Profes- 
sor Newton  expresses  it,  nothing  but  a  *  sand-bank';  /.  e.,  a 
swarm  of  solid  particles  of  unknown  size  and  widely  separated, 
(say  pin-heads  several  hundred  feet  apart),  each  particle  carrying 
with  it  an  envelope  of  gas,  largely  hydrocarbon,  in  which  gas 
Kght  is  produced  either  by  electric  discharges  between  the  part- 
icles, or  by  some  other  light-evolving  action  due  to  the  Sun's 
influence.  This  hypothesis  derives  its  chief  probability  from  the 
modem  discovery  of  the  close  relationship  between  meteors  and 
comets." 

The  writer  proposes,  after  disposing  of  another  question,  to 
discuss  this  theory  of  comets,  proposed  by  Professor  Newton  of 
Yale  College. 

Admitting,  for  the  present,  Professor  Newton's  theory,  as 
stated  by  Professor  Young,  how  does  it  affect  the  demonstration, 
in  No.  102,  that  there  can  be  no  repulsion  by  the  Sun  of  any  por- 
tion of  a  comet? 

The  particles  of  this  "sand-bank,"  whether  **  pin-heads  several 
hundred  feet  apart,"  or  larger  pieces  of  **  gravel,"  or  great 
boulders  weighing  many  pounds,  or  even  tons  (all  of  which  are 
required  by  the  supposed  ** close  relationship"  between  meteors, 
or  rather  meteoric  stones,  and  comets),  must  form  first  the  nu- 
cleus and  head  of  the  comet,  which  are  always  attracted  by  the 
Sun,  Secondly,  these  particles  niust  also  form  the  train  or  tail  of 
the  comet,  stretching  away  behind  the  head  during  its  approach 
to  perihelion. 

If  these  "pin-heads  or  finer  or  coarser  gravel,  or  large  stones 
and  metalic  masses,  forming  the  train  are  repelled  by  the  Sun 
with  a  force  greater  than  their  attraction  by  the  comet's  head 
and  nucleus,  then  they  must  be  retarded  in  their  approach  to  per- 
ihelion, while  the  head  and  nucleus  are  accelerated  by  the  Sun's 
attraction.  They  must  therefore  separate  from  the  comet's  head, 
and  move  in  a  curve  convex  to  the  Sun,  because  of  his  repulsion, 
while  the  head  and  nucleus  must  move  in  a  curve  concave  to  the 
Sun  because  of  his  attraction. 

Indeed,  just  as  in  No.  102,  it  was  proved  that  if  any  of  the 
comet's  gaseous  matter  were  subject  to  the  Sun's  repulsion  before 
perihelion  passage,  it  must  be  entirely  sifited  out,  so  that  all  of 


the  comet  that  passed  the  perihelion  was  necessarily  subjec^ 
only  to  his  attraction,  so  the  same  thing  must  be  true  of  tl 
'*  pin-heads,"  or  other  solid  matter.  Indeed  it  oug:ht  to  be  e%i 
dent  that  the  demonstration  in  No.  102  is  quite  independent  of 
the  nature  and  distribution  of  the  matter  composing  a  comet, j 
provided  it  be  of  a  sufficiently  loose  and  rare  nature.  The  mor 
solid  the  particles  of  which  the  comet  is  composed,  the  mor 
closely  they  ought  to  be  aggregated  by  their  mutual  attractions 
and  tend  to  form  a  single  solid  body,  like  the  planets,  providt 
the  whole  number  of  these  particles  forms  a  sufficient  mass,  some- 
what comparable  to  the  masses  of  the  planets,  though  far  less. 
It  seems  worth  while  to  consider  whether  we  have  not  sor 
clearer  evidence  of  the  limits  of  a  comet*s  mass  than  is  generally 
supposed.  La  Place  has  assigned  a  superior  limit,  at  least  of 
Lexeirs  comet,  which  passed  ver\'  close  to  the  Earth,  and  to 
Jupiter  and  his  satellites,  without  appreciabh^  disturbing  the  mo- 
tions of  either  of  these  bodies.  He  assigns  this  comet  a  masSi 
not  exceeding  ^^^  of  the  Earth's  mass.  Many  astronomer 
have  reduced  this  limit  to  almost  nothing.  Professor  Young, 
whose  work  is  quoted  as  one  of  the  most  recent,  full  and  accu- 
rate on  general  astronomy,  says:  **Some  have  gone  so  far  as  to 
say  that  a  comet,  properly  packed,  could  be  carried  about  in  a 
hat-box  or  a  man's  pocket,  which,  of  course,  is  an  extravagant 
assertion.  The  probability  is  that  the  total  amount  of  matter  in 
a  comet  of  any  size,  though  very  small  compared  with  its  bulk, 
is  yet  to  be  estimated  as  many  millions  of  tons.  The  Earth*;^ 
mass  is  expressed  in  tons  by  six  with  twenty-one  ciphers  follow- 
ing (6000  milHons  of  millions  of  millions  of  tons).  A  body. 
therefore,  weighing  only  one-millionth  as  much  as  the  Earth, 
would  contain  6000  millions  of  millions  of  tons."  This  last  in 
just  about  the  weight  or  mass  of  the  Earth's  atmosphere.  But 
in  the  edition  of  Professor  Young's  work  from  which  I  quote. 
that  of  1888,  he  goes  on  to  say,  **The  atmosphere  of  the  Earth 
alone  constitutes  about  ^^i^J^sis  *^f  the  Earth*s  mass,  and  contains 
more  than  twenty-four  millions  of  millions  of  tons.'*  Here  are 
two  mistakes,  oversights  no  doubt,  and  probably  corrected  iu  fti- 
ture  editions  which  I  have  not  seen.  The  mass  of  the  Earth's  at- 
mosphere is  stated  about  four  times  too  large,  and  the  cons^'^ 
qijcnt  value  in  tons  about  one  thousand  times  too  smal 
La  Placets  limit  of  a  comet's  mass  makes  it  about  tw^o  hundred" 
times  the  mass  of  our  atmosphere.  The  writer  has  veriBed  ap- 
proximately Professor  Young's  statement  of  the  Earth's  mass  in 
tons,  considering  it  as  a  sphere  with  its  mean  radius. 
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The  clouds  that  float  in  our  atmosphere  have  no  definite  form ; 
they  have  not  suflicient  mass  to  gather  themselves  up  into  any 
definite  shape  by  their  own  attraction,  whether  in  a  globular 
mass,  or  any  regular  geometrical  shape.  Yet  they  are  capable  of 
pouring  down  upon  the  Earth  many  hundreds  of  tons  of  water. 
But  when  a  comet  is  first  seen  at  its  greatest  visible  distance  in 
a  telescope,  it  usually  presents  the  circular  disc  of  a  spherical 
body.  In  the  case  of  Donati's  comet,  when  first  discovered,  it 
was  more  than  180,000  miles  in  diameter.  Yet  the  attraction  of 
its  mass  must  have  reached  out  more  than  90,000  miles  to  cause 
the  particles  at  its  surface  to  arrange  themselves  spherically 
about  it.  Even  after  its  train  was  formed,  the  regular  geometric 
figure  of  the  greater  portion  of  the  train  shows  that  the  attrac- 
tion at  the  nucleus  was  maintaining  a  certain  equilibrium  with 
the  tidal  action  of  the  Sun  in  the  direction  away  from  him.  The 
action  of  this  mass  then  extended,  with  a  prevailing  force,  to 
some  millions  of  miles  from  the  nucleus,  or  centre  of  gravity. 

Professor  Benjamin  Peirce,  of  Harvard  College,  was,  therefore, 
more  nearly  right  in  his  opinion  than  Professor  Young  seems  to 
think,  with  regard  to  the  amount  of  a  comet's  mass.  Professor 
Young  says  (Art.  719),  "The  late  Professor  Peirce  based  his  es- 
timate of  a  comet's  mass  upon  the  extent  of  the  nebulous  en- 
velope which  it  carries  with  it,  assuming  (what  may  be  doubted, 
however),  that  this  envelope  is  gaseous,  and  is  held  in  equili- 
brium by  the  attraction  of  solid  matter  in  and  near  the  nucleus ; 
and  on  this  assumption  he  came  to  the  conclusion  that  the  mat- 
ter in  and  near  the  nucleus  of  an  average  comet  must  be  equiva- 
lent in  mass  to  an  iron  ball  as  much  as  100  miles  in  diameter. 
This  would  l>e  about  3otj*o(jt7  of  ^^e  Earth's  mass."  This  ratio  of 
the  iron  balFs  mass  to  that  of  the  Earth  has  also  been  verified  by 
the  writer. 

Professor  Young  says  farther,  **  While  this  estimate  is  not  in- 
trinsically  improbable^  it  cannot,  however,  be  relied  upon.  We 
simph'  do  not  know  anything  about  a  comet's  mass,  except  that 
it  is  exceedingly  small  as  compared  with  that  of  the  Earth.'' 

To  this  the  writer  has  to  say  that  the  equilibrium  b\'  the  at- 
traction of  the  comet's  mass,  at  and  near  its  centre  of  gravity-, 
the  nucleus,  as  stated  by  Professor  Peirce  (without  the  necessit\' 
of  any  solid  body  there  placed),  is  beyond  all  doubt ;  and  that, 
b^' means  of  this  equilibrium,  \\q  do  know,  from  Professor  Peirce's 
calculation,  that  the  average  mass  of  a  comet  is  very  probably 
the  s  j^o*o(j5  of  the  Earth's  mass,  or  about  20,000  millions  of  mil- 
lions of  tons.  This  is  a  little  more  than  three  times  the  mass  of 
our  atmosphere. 
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If,  now,  we  change  onr  supposition  as  to  the  form  of  the  orbit 
described  about  the  Sun,  and  suppose  it  to  be  an  ellipse  of  great 
eccentricity,  and  that  the  atmospheric  mass  is  approaching  the 
perihelion  of  its  orbit,  it  is  evident  that,  on  account  of  the  dimin- 
ishing distance  from  the  Sun,  his  tidal  disturbing  force  is  in- 
creased, and  that  the  previous  eqnUibrinm,  between  this  force 
and  the  attraction  of  the  atmospheric  mass,  can  no  longer  exist. 

A  new  equilibrium  must  be  established  by  a  farther  change  of 
the  ellipsoidal  figure,  which  must  become  more  eccentric,  the 
focus  nearest  the  Sun,  aftd  the  centre  of  gravity  of  the  atmos- 
pheric mass,  retreating  together  towards  the  Sun  more  than 
they  had  previously  done.  With  each  change  of  distance  from  the 
Sun,  the  Bgure  of  equilibrium  for  the  atmospheric  mass  would 
have  to  be  constantly  renewed.  It  was  undoubtedly  the  inves- 
tigation of  such  figures  of  equilibrium,  actually  observed  with 
regard  to  several  comets,  that  enabled  Professor  Peirce  to  de- 
termine the  mass  of  an  average  comet.  There  can  be  no  doubt 
at  all  of  its  probable  accuracy.  Indeed,  would  not  the  atmos- 
pheric mass,  which  we  have  been  supposing  to  revolve  around 
the  Sun  in  a  very  eccentric  orbit,  present  all  the  phenomena  of  a 
comet? 

Among  the  phenomena  of  comets,  noticed  by  Professor  Young, 
is  the  diminution  of  the  comet's  bead  as  it  approaches  perihelion, 
and  its  increase  in  passing  away  from  this  point.  It  has  been 
shown  in  No.  103,  Astronomy  and  Astro- Physics,  that  the  ra- 
dius of  the  spherical  head  is  the  distance  from  the  nucleus,  or 
centre  of  gravity,  to  the  surface  of  the  comet  nearest  to  the  Sun ; 
and  that  this  distance  is  constantly  decreasing  as  the  comet  ap- 
proaches the  Sun,  and  necessarily  increases  on  its  retreating  from 
perihelion.  So  that  the  cause  of  this  phenomenon  is  fully  ex- 
plained by  the  Tidal  Theory  of  the  Forms  of  Comets. 

The  cause  of  multiple  tails  of  some  large  comets  may  perhaps 
be  found  in  the  necessary  change  of  eccentricity  of  the  comet's 
6gure  of  equilibrium  as  it  approaches  perihelion,  or  retreats  from 
it.  It  is  evident,  on  this  theory,  that  when  the  tail  is  first  formed 
the  eccentricity  must  have  increased  from  less  than  unity,  while 
the  figure  was  ellipsoidal,  to  the  full  value  of  unity,  for  a  para- 
boloidal  Sgure.  But,  as  the  comet  approaches  the  Sun  still 
nearer,  the  focus  and  centre  of  gravity  must  still  retreat  towards 
the  Sun.  So  that  the  eccentricity  will  be  greater  than  unity,  or 
the  Bgure  of  equilibrium  will  become  an  hyperboloid.  MoreoveJr, 
the  interior  strata  of  the  comet's  figure  may,  both  in  the  case  of 
the  parabolic  form  and  t  "  ive  each  its  own  eccen- 


The  mass  of  the  Earth  is  sufficient  to  control  the  motion  of  its 
moon  in  a  relative  orbit  about  its  centre,  at  the  distance  of 
nearly  a  quarter  of  a  million  of  miles.  Also  the  Earth's  gravnty 
extends  many  millions  of  miles  to  disturb  the  motions  of  Mer- 
cury, Venus  and  Mars.  It  even  has  some  slight  effect  on  the 
more  distant  planets.  Hence  it  is  certain  that  a  mass  one- 
millionth  part  of  the  Earth *s  mass,  like  that  of  our  atmosphere, 
would  likewise,  as  a  separate  mass,  extend  its  attraction  to  the 
distance  of  millions  of  miles,  though  in  a  proportionally  less  de- 
gree. 

Suppose,  therefore,  that  a  mass  of  gas  like  our  atmosphere, 
containing  the  same  weight  of  6000  millions  of  millions  of  tons, 
were  placed  as  far  as  Jupiter  is  from  the  Sun»  but  moving  in  a 
plane  highly  inclined  to  the  ecliptic,  so  that  it  should  be  far 
away  from  all  planets  of  the  solar  system.  Would  it  not  at  first 
gather  itself  up  into  a  spherical  form  by  virtue  of  the  general  at- 
traction of  its  mass?  Owing  to  the  elasticity  of  the  gas,  its 
size  would,  of  course,  be  far  greater  than  the  volume  of  our  at- 
mosphere, which  is  condensed  by  the  Earth's  attraction,  one  mil- 
lion times  as  great  as  that  of  the  gas.  We  should  expect  it  to 
expand  to  a  diameter  of  perhaps  200,000  miles,  its  mean  density 
being  very  small,  but  having  a  greater  density  at  the  centre  nf 
the  sphere,  or  at  its  centre  of  gravity* 

If  this  atmospheric  mass  were  describing  a  nearly  circular  orbit 
about  the  Sun,  it  is  quite  certain,  from  the  formulae  investigated 
in  Astronomy  and  Astro-Physics,  No.  103,  that  the  Sun  would 
exert  a  tidal  force  upon  it,  not  only  drawing  it  out  into  an  el* 
lipsoidal  figure,  with  the  major  axis  directed  towards  the  Sun, 
but  also  transferring  the  centre  of  gravity  of  the  atmospheric 
mass  towards  the  Sun,  This  centre  of  gravit3^  of  the  atmo- 
spheric mass,  during  its  revolution,  would  be  always  directed 
towards  the  Sun.  The  ellipsoidal  mass  would  have  a  nearly  con- 
stant Bgare  of  equilibrium^  depending  upon  the  contest  between 
the  attraction  of  its  own  mass  and  the  tidal  disturbing  force  of 
the  Sun,  at  that  nearly  constant  distance.  The  atmospheric 
mass  would  also  necessarily  rotate  around  an  axis  through  its 
centre  of  gravity,  perpendicular  to  the  plane  of  its  orbit.  It 
would  also  constantly  turn  the  same  face  towards  the  Sun,  for 
the  same  reason  that  our  moon  turns  the  same  face  towards  the 
Earth. 

Since  one  of  the  foci  of  the  ellipsoid,  and  the  centre  of  gravity 
of  the  mass,  have  both  been  displaced  towards  the  Sun,  we  may 
suppose  the  centre  of  gravity  always  to  coincide  with  this  focus, 
as  was  the  case  when  the  figure  was  spherical. 
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If,  now,  we  cbange  otir  supposition  as  to  the  form  of  the  orbit 
described  about  the  Sun,  and  suppose  it  to  be  an  ellipse  of  great 
eccentricity,  and  that  the  atmospheric  mass  is  approaching  the 
perihelion  of  its  orbit,  it  is  evident  that,  on  account  of  the  dimin- 
ishing distance  from  the  Sun,  his  tidal  disturbing  force  is  in- 
creased, and  that  the  previous  equilibrium,  between  this  force 
and  the  attraction  of  the  atmospheric  mass,  can  no  longer  exist. 

A  new  equilibrium  must  be  established  by  a  farther  change  of 
the  ellipsoidal  figure,  which  must  become  more  eccentric,  the 
focus  nearest  the  Sun,  aftd  the  centre  of  gravity  of  the  atmos- 
pheric mass,  retreating  together  towards  the  Sun  more  than 
they  had  previously  done.  With  each  change  of  distance  from  the 
Sun,  the  £gure  of  equilibrium  for  the  atmospheric  mass  would 
have  to  be  constantly  renewed.  It  was  undoubtedly  the  inves- 
tigation of  such  figures  of  equilibrium,  actually  observed  with 
regard  to  several  comets,  that  enabled  Professor  Peirce  to  de- 
termine the  mass  of  an  average  comet.  There  can  be  no  doubt 
at  all  of  its  probable  accuracy.  Indeed,  would  not  the  atmos- 
pheric mass,  which  we  have  been  supposing  to  revolve  around 
the  Sun  in  a  very  eccentric  orbit,  present  all  the  phenomena  of  a 
comet  ? 

Among  the  phenomena  of  comets,  noticed  by  Professor  Young, 
is  the  diminution  of  the  comet's  head  as  it  approaches  perihelion, 
and  its  increase  in  passing  away  from  this  point.  It  has  been 
shown  in  No.  103,  Astronomy  and  Astro- Physics,  that  the  ra- 
dius of  the  spherical  head  is  the  distance  from  the  nucleus,  or 
centre  of  gravity,  to  the  surface  of  the  comet  nearest  to  the  Sun  ; 
and  that  this  distance  is  constantly  decreasing  as  the  comet  ap- 
proaches the  Sun,  and  necessarily  increases  on  its  retreating  from 
perihelion.  So  that  the  cause  of  this  phenomenon  is  fully  ex- 
plained by  the  Tidal  Theory  of  the  Forms  of  Comets. 

The  cause  of  multiple  tails  of  some  large  comets  may  perhaps 
be  found  in  the  necessary  change  of  eccentricity  of  the  comet's 
figure  of  equilibrium  as  it  approaches  perihelion,  or  retreats  from 
it.  It  is  evident,  on  this  theory,  that  when  the  tail  is  first  formed 
the  eccentricity  must  have  increased  from  less  than  unity,  while 
the  figure  was  ellipsoidal,  to  the  full  value  of  unity,  for  a  para- 
boloidal  Bgure,  But,  as  the  comet  approaches  the  Sun  still 
nearer,  the  focus  and  centre  of  gravity  must  still  retreat  towards 
the  Sun.  So  that  the  eccentricity  will  be  greater  than  unity,  or 
the  Bgure  of  equilibrium  will  become  an  hyperboloid,  Moreovei*, 
the  interior  strata  of  the  comet's  figure  may,  both  in  the  case  of 
the  parabolic  form  and  the  hyperbolic,  have  each  its  own  eccen- 


tricity,  or  separate  centre  of  gra^-ity.  The  nucleus  must  there- 
fore be  divided,  as  it  is  sometimes  seen  to  be,  especially  in  the 
great  comet  of  1882.  These  separate  foci  of  the  several  strata 
of  the  comet,  one  within  the  other,  would  produce  different  di- 
vergencies of  the  hyperbolic  branches  especially,  and  thus  ac- 
count for  the  differently  diverging  tails  of  a  great  comet. 

In  Art.  727  of  Professor  Young's  work,  he  gives  a  fine  cut  of 
the  **head  of  Donati*s  comet,  Oct.  5,  1858,  (Bond)."  showing 
the  way  in  which,  at  that  date,  about  five  da^'-s  after  perihelion- 
passage,  it  threw  off  **jets  and  streamers  of  light/*  *'morc  or 
less  symmetrical  envelopes,''  which  folio w^ed  each  other  at  in- 
tervals of  some  hours. 

These  phenomena  may  perhaps  be  explained  by  the  fact  that, 
as  the  head  of  the  comet  grew  smaller,  on  approaching  perihel- 
ion, with  the  same  mass  at  its  general  centre  of  gravity,  the 
pressure  from  the  greater  attraction  towards  the  centre  of  the 
head,  due  to  the  diminished  distance  from  this  centre  of  gravity, 
Avould  be  greatly  increased,  and  the  elastic  strata  of  gas  would 
have  to  y\e\6,  to  this  pressure.  On  retreating  from  perihelion,  the 
head  increases  its  radius,  and  the  attraction  towards  the  centre 
of  gravity,  and  consequent  pressure  on  the  elastic  strata  within, 
must  diminish.  These  compressed  strata  of  elastic  gas  therefore 
naturally  pusit  their  way  outwards  towards  the  surface  of  the 
comet *s  head,  where  the  relief  of  pressure  had  taken  place.  On 
retreating  farther  from  the  Sun,  other  such  remittances  of  pres- 
sure occur,  and  new  envelopes  rise  symmetrically  towards  the 
Sun,  Thus  these  phenomena  seem  to  derive  an  easy  explanation 
from  the  Tidal  Theory  of  the  Forms  of  Comets  and  have  re- 
ceived no  explanation  from  any  other  source. 

Let  us  now  consider  the  constitution  of  comets  consisting  of 
*' pin-heads  several  hundred  feet  apart,  each  particle  carrying 
with  it  an  envelope  of  gas,  largely  hydrocarbon."  Or,  as  Pro- 
fessor Young  elsewhere  expresses  it,  **the  head  of  a  comet  is  a 
swarm  of  meteoric  stones;  though  whether  these  stones  arc 
many  feet  in  diameter,  or  only  a  few  inches,  or  only  a  few  thous- 
andths of  an  inch,  like  particles  of  dust,  no  one  can  say.  In  fact 
it  now  seems  quite  likely  that  the  greatest  portion  of  a  comet's 
mass  is  made  up  of  such  particles  of  solid  matter,  carrying  with 
them  a  certain  quantity  of  enveloping  gas/' 

How  much  **gas,  largely  h^'^drocarbon,**  or  otherwise,  could  be 
condensed  upon  one  of  these  '*  pin-heads,"  or  even  upon  one  of  the 
meteoric  stones^  **many  feet  in  diameter,*'  unless  the  many  feet 
were  many  millions  of  feet?    A  meteoric  stone,  one  hundred  feet 
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in  diameter,  would  be  incapable  of  confining  by  its  gravitating 
power,  its  mass,  any  considerable  amount  of  gas ;  and  the  pin- 
heads  hardly  any  at  all.  If  the  great  mass  of  the  comet  itself 
were  chiefly  gaseous,  then  a  comparatively  small  number  of  these 
stony  masses  might  be  imbedded  in  it. 

But  what  would  be  their  position  in  the  cometary  mass? 
Clearly,  on  account  of  their  superior  density,  at  the  very  center 
of  gravity  where  the  nucleus  is.  Not  only  so,  but  the  attraction 
of  the  comet's  great  mass,  nearly  20,000  millions  of  millions  of 
tons,  according  to  Professor  Peirce's  calculation,  would  forbid 
their  remaining  several  hundred  feet  apart  from  each  other,  and 
would  aggregate  them  all,  whether  "pin-heads"  or  larger,  into 
one  compact  solid  mass  at  the  nucleus  or  center  of  gravity.  It 
would  be  quite  impossible  for  any  loose,  scattered  solids,  large  or 
small,  distant  from  each  other  several  hundred  feet,  to  constitute 
a  mass  any  way  comparable  to  that  computed  by  the  late  Pro- 
fessor Benjamin  Peirce,  one  of  our  first  mathematicians  and  as- 
tronomers. It  would  require  an  enormous  repulsive  force,  such 
as  we  see  nowhere  in  nature,  except  in  the  elastic  force  of  a  gas, 
to  prevent  these  solids  from  rushing  down  towards,  and  adhering 
as  closely  as  possible  to,  the  comet's  center  of  gravity.  But  the 
elastic  force  of  the  gaseous  comet  would  not  prevent  this  rushing 
inwards  of  the  solids,  on  account  of  their  greater  density. 

These  considerations  are  probably  suflicient  to  justify  the  rejec- 
tion, in  all  its  forms,  of  Professor  Newton's  "sand-bank,"  or 
^'gravel-bank,"  or  "meteoric  stone"  theory  of  a  comet.  But, 
says  Professor  Young,  "  this  hypothesis  derives  its  chief  proba- 
bility from  the  modem  discovery  of  the  close  relationship  be- 
tween meteors  and  comets."  The  close  relationship  between 
comets  and  meteors,  that  is,  shooting  stars,  so-called,  and  me- 
teoric swarms,  like  those  of  the  Leonids,  the  Perseids,  the  Andro- 
medes,  and  other  similar  meteoric  showers,  is  freely  admitted  as 
conclusively  proved.  But  what  evidence  is  there  that  the  phe- 
nomena of  the  fall  of  meteor  stones  or  meteorites,  as  dis- 
tinguished from  meteors,  has  any  such  relationship  with  comets  ? 

Professor  Ball,  the  Astronomer  Royal  of  Ireland,  has  closely 
considered  this  question.  He  shows  that  while  the  meteors,  or 
shooting  stars,  have  generally  a  very  swift  motion,  passing  out 
of  sight  in  from  half  a  second  of  time  to  nearly  one  second,  the 
meteorites,  from  which  the  stony  masses  are  derived,  frequently 
remain  in  view  for  a  minute  or  more,  having  thus  a  velocity 
about  one  sixtieth  of  those  of  cometary  meteors,  if  at  the  same 
distance  from  us.    He  points  out  other  differences ;  but  the  most 


important  is  that,  during  even  the  greatest  shower  of  meteors, 
like  the  great  November  showers  of  the  Leonids,  while  the  me- 
teors seem  to  fall  by  the  million,  and  for  hours,  like  flakes  in  a 
snow-storm,  yet  nothing  solid  has  been  found  to  fall  to  the 
Earth's  surface  at  such  times;  **wtth  one  exception,"  sa^^s  Pro- 
fessor Young,  in  the  case  of  the  Maxapil  meteorite.  The  account] 
of  this  by  Professor  Young  is  as  follows : 

**  As  has  been  said,  during  these  showers'*  (of  meteors  prof>er)/ 
**  no  sound  is  heard,  no  sensible  heat  perceived, nor  do  any  masses  ' 
reach  the  ground,  with  one  exception,  however,  that  on  Nov,  27, 
1886,  a  piece  of  meteoric  iron,  mentioned  in  the  list  given  in  Art- 
icle 758,  fell  at  Mazapil  in  northern  Mexico  during  the  shower  of 
Andromedes  which  occurred  that  evening.  Whether  the  coinci- 
dence is  accidental  or  not,  it  is  interesting.  Many  high  authori- 
ties speak  coniSdently  of  this  particular  iron  meteor  as  being 
really  a  piece  of  Biela's  comet  itself" 

But  we  may  reasonably  ask»  on  what  grounds  do  these  '"  high  , 
authorities'*  speak  so  confidently?  Professor  Newton  tells  us 
that  meteoric  stones  fall  nearly  or  quite  tvery  day  on  some  part 
of  the  Earth.  Hence  it  would  not  be  unreasonable  to  expect  one 
at  Mazapil,  or  elsewhere,  on  Nov.  27.  1886,  whether  the  Andro- 
medes were  then  bombarding  our  atmosphere  or  not.  But  why 
should  only  one  of  the  great  number  of  Andromede  meteors  of 
1886  reach  the  Earth,  and  no  other  of  these»  nor  an}^  of  thcl 
millions  from  the  Leonids,  the  Perseids,  and  other  swarms  be 
found  to  reach  the  Earth?  Clearly  the  Mazapil  rncteonte  has 
only  an  accidental  coincidence  with  the  Andromede  meteors. 

The  perfect  transparency  of  a  comet,  through  many  thousands, 
or  millions  of  miles  of  its  volume,  tells  us  that  it  is  a  very  ra 
gas.  In  Article  720,  Professor  Young  states,  **  This  estimation 
the  density  of  a  comet  is  borne  out  by  the  fact  that  small  stars 
can  be  seen  through  the  bead  of  a  comet  100,000  miles  in  diame- 
ter, and  even  v^ry  near  its  nucleus,  with  hardly  any  preceptible 
diminution  of  their  lustre/'  Other  astronomers  have  frequently 
observed  the  passage  of  the  central  portion  of  the  comet's  heac 
at  or  near  the  nucleiis,  over  a  small  star  without  any  sensible! 
loss  of  the  star's  light.  From  such  facts  we  can  only  infer  that 
even  the  densest  part  of  a  comet  is  a  ver\'  rare,  transparent  gas. 

Observations  of  comets  with  the  polariscope  prove  that  nearly 
all  their  light  is  the  Sun*s  light  reflected  by  a  rare  gas.  Observa- 
tions with  the  spectroscope  seem  to  show  that  a  small  portion  of 
their  light,  when  sufficiently  near  the  Sun,  is  somehow  excited 
within  the  comet  itself,  but  that  the  substance  of  the  comet  id 
largely,  if  not  '*  wholly  gaseous,  chiefly  hydrocarbon/* 
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If  the  comets  were  self-luminous y  or  largely  so  with  only  the 
addition  of  some  sunlight,  then  they  should  be  easily  visible  at 
all  distances.  They  could  not  escape  the  reach  of  the  telescope  at 
their  aphelions.  But  instead  of  this  being  the  case,  they  are  only 
visible  when  comparatively  near  the  Sun  and  the  Earth.  Their 
brightness  at  various  distances  from  us  and  from  the  Sun  follows 
the  same  law  of  increase  or  diminution  as  that  of  the  non-lumin- 
ous planets.  Professor  Young  mentions  some  slight  exceptions 
to  this  law  in  the  brightness  of  certain  comets ;  but  perhaps  this 
may  be  sufficiently  accounted  for  by  the  irregular  transparency  of 
our  own  atmosphere.  All  astronomers  know  that  there  are 
times  when  no  clouds  are  apparent,  and  yet  there  is  no  good 
seeing  vtith  the  telescope,  on  account  of  the  condition  of  the  upper 
strata  of  our  atmosphere.  On  the  other  hand,  even  when  there  is 
a  light  mist,  there  may  be  good  seeing  and  sharp  deSnition  in  the 
telescope. 

From  the  ascertained  mass  of  an  average  comet,  and  from  its 
transparency,  the  ** sand-bank"  theory  of  the  constitution  of 
comets,  proposed  by  Professor  Newton  of  Yale,  must  be  rejectjpd. 
There  is  no  close  relationship  between  comets  and  meteorites,  or 
meteoric  stones.  These  latter  can  be  explained,  with  great  pro- 
bability, as  having  a  quite  diflferent  origin  from  the  meteoric  ring- 
systems  which  produce  the  swarms  of  gaseous  meteors,  the 
Leonids  and  others.  In  rejecting  Professor  Newton's  theory  of 
comets,  I  should  regret  saying  anything  that  could  detract  from 
the  great  merit  of  his  investigations  relating  to  the  great  Novem- 
ber showers  of  meteors,  the  Leonids,  which  investigations  pre- 
pared the  way  for  computing  the  orbit  of  this  meteoric  ring,  and 
thence  of  its  connection  with  a  comet  pursuing  the  same  orbit. 


THE  DOUBLE  STAR.  01'  224.» 


8.  W.  BURNHAM 


This  pair  has  been  under  observation  since  1843,  and  there  is 
no  doubt  now  concerning  the  physical  relation  of  the  compo- 
nents. The  period  is  evidently  a  long  one,  since  the  angular  mo- 
tion is  only  about  60°  in  the  time  covered  b\'  the  measures.  It  is 
always  close  enough  to  be  difficult  with  most  of  the  instruments 
used  in  measuring  it,  and  therefore  some  of  the  observations 
have  large  errors  in  the  position-angles.  The  total  change,  how- 
*  Connnunicated  by  the  author. 
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The  Double  Star  2  1216. 


ever,  is  sufficient  to  obtain 
this  purpose  I  have  collected 
low  in  chronological  order : 


the  approximate  elements,  and  for 
all  the  measures,  and  give  them  be- 


1843.22: 
1844.31 
1845.30 
1851.27 
1851.28 
1857.34 
1861.26 
1868.03 
1871.31 
1872.31 
1873.23 
1879.32 
1880.16 
1881.25 
1882.27 
1883.71 
1884.21 
1887.27 
1892.37 


13.7 

20  ± 

13.6 

352.6 

17.5 

3.6 

348.8 

339.2 

328.4 

336.8 

329.8 

316.7 

334.3 

316.6 

309.9 

330.2 

326.0 

315.6 

313.6 


0.35 

0.20 
0.48 
0.25 

0.59 
0.5  X 
0.59 
0.55 

0.35 
0.62 


0.53 
0.55 
0.52 
0.48 


Madler 

O.Stmvc 

Madler 

O.  Strove 

Madler 

Secchi 

O.  Strove 

Dembowski 

O.  Strove 

O.  Strove 

Dembowski 

Shiaparelli 

Burnham 

Doberck 

Dobcrck 

Engelmann 

Perrotin 

Schiaparelli 

Burnham 


2a 
2a 
In 
In 
la 
In 
In 
4n 
In 
In 
4n 
4n 
In 
2n 
In 
7n 
4n 
4n 
4n 


The  last  set  of  measures  were  made  by  me  with  the  36-inch  re- 
fractor before  leaving  Mt.  Hamilton.  The  place  of  the  star 
(1880)  is: 

R.  A.    !()»»    33"*    26«i 

Decl.    +9°    28'         / 

This  pair  should  be  carefully  measured  every  few  years  for 
some  time  to  come. 
Chicago,  Aug.  8, 1892. 


THE  DOUBLE  STAR,  2  i2i6. 


S.  W.  BURNHAM. 


The  angular  change  in  the  components  of  this  binary  is  about 
70°  since  its  discovery  by  Struve.  No  orbit  has  yet  been  com- 
puted,  and  as  it  is  probable  that  an  approximate  period  could 
now  be  found,  I  have  collected  all  the  measures  I  have  been  able 
to  find,  and  give  them  below  in  proper  order: 


1825.20 

109.5 

0.53 

W.  Struve 

In 

1831.24 

115.2 

0.45 

W.  Struve 

In 

1837.60 

130.5 

0.46 

Madler 

— 

1842.20 

178.4 

0.8 

Madler 

In 

1844.30 

178.2 

Madler 

In 

1851.28 

139.4 

0.49 

0.  Struve 

2n 

1853.26 

148.3 

Madler 

In 

1855.24 

152.1 

0.57 

Madler 

2n 

1857.34 

150.0 

Secchi 

In 

Mt.  Hamilton  Observations  of  Mars. 
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1865.28 

161.4 

n 

Secchi 

In 

1865.48 

166.5 

0.66 

Engelmann 

5/i 

1866.65 

151.5 



Dcmbowski 

14ii 

1867.32 

131.5 

Harvard  Obs 

.  5n 

1873.13 

165.3 

Bmnnow 

In 

1874.16 

165.3 



Wilson  &  S 

2n 

1874.18 

167.0 

Glenhill 

In 

1875.27 

165.6 

Wilson  &  S. 

2n 

1877.18 

164.6 

0.35 

Schiaparelli 

2fl 

1878.20 

168.8 

0.61 

Bumham 

4n 

1878.47 

165.4 

Cincinnati 

5/1 

1879.21 

160.8 

0.37 

Bumham 

2a 

1879.24 

170.0 

0.67 

Schiaparelli 

2n 

1880.22 

166.4 

Cincinnati 

In 

1880.32 

167.6 

Seabrokc 

2fl 

1880.91 

166.7 

0.36 

Hall 

3ii 

1887.24 

173.8 

0.45 

Schiaparelli 

5n 

1891.26 

183.2 

0.46 

Hall 

4X2 

rhis  Star  is  Lalande  16375 

,  and  its  place  (1880)  is 

: 

R.  A. 

8»»    15°»    15 

•\ 

Decl. 

—  10°    13' 

r 

The  measures  by  Madler  in  1842-44*,  which  are  credited  to 
this  pair  in  the  Dorpat  Observations^  Vol.  XI,  evidently  belong 
to  some  other  pair.  Madler's  observation  of  1837  I  have  not 
seen  in  the  original  publication.  It  is  included  here  on  the 
authority  of  Secchi. 

Chicago,  Aug.  8, 1892. 


NOTE    on    THE    MOUNT    HAMILTON    OBSERVATIONS    OP    MARS, 
JUNE-AUGUST,  i892.»t 


BDWARD  S.  HOLDEN 


Agreeably  to  the  request  of  the  Editor  of  Astronomy  and 
Astro-Physics  the  following  paragraphs  relating  to  the  Mount 
Hamilton  observations  of  Mars  in  1892  (which  are  of  course  not 
6nished  at  the  date  of  writing,  August  18),  are  presented.  In 
merely  describing  the  work  done  so  far  I  am  more  or  less  speak- 
ing for  my  colleagues.  They  are,  however,  not  responsible  for 
the  opinions  expressed,  naturally.  Although  the  situation  of 
Mars  in  this  opposition  is  very  unfavorable  it  was  desirable  to 
obtain  as  many  observations  as  possible.  The  altitude  of  the 
planet  ranges  from  about  28°  to  about  32°  above  the  horizon 

•  Conimunicated  by  tht  author. 

t  The  pment  note  may  serve  a  useful  purpose  in  correcting  certain  erroneous 
statements  regarding  our  work  which  have  been  widely  circulated  and  which  re- 
qnire  correction. 


[ay-September),  which  is  too  low  for  satisfactory  images  of  so 
difficult  an  object,  even  at  Mt.  Hamilton,    These  altitudes  \vcre» 
however,  six  degrees  greater  than  the  corresponding  altitudes  in 
Southern  Europe. 

The  weather  has  been  favorable  and  no  pains  havx  been  spared 
to  obtain  all  that  could  be  got.  The  large  telescope  has  l)een  reg- 
ularly used  on  Mars  on  the  nights  of  Saturday,  Sunday,  Monday, 
Tuesday  and  Wednesday  of  each  week  by  Professors  H olden, 
Schaeberle  and  Campbell  of  the  Observatory,  and  by  Professor 
Hussey  of  the  Stanford  University  (who  has  been  spending  the 
summer  here  in  special  work),  and  on  Friday  by  Professor  Bar- 
nard»  The  12-inch  telescope  was  also  employed  by  Professor 
Barnard  on  other  nights.  Thus  Mars  has  been  under  observa- 
tion with  the  great  telescope  on  six  nights  of  each  week,  generally 
for  the  w^hole  night. 

PHOTOGRAPHS  OF  THE   PLANKT. 

In  May  some  experiments  in  photographing  the  planet  (en- 
larged  five  times)  were  made  by  Professor  Campbell  and  myself. 
While  the  larger  markings  and  the  polar  caps  were  plainly 
shown,  it  was  soon  found  that  drawings  would  give  far  better 
results  for  the  purpose  in  hand  than  photographs.  A  series  of 
such  photographs  in  connection  with  a  set  of  eye-drawings  and 
measures  would  be  extremely  valuable  as  a  means  of  fixing  the 
longitudes  and  latitudes  of  the  principal  points  on  the  planet's 
disc,  A  serious  practical  difficulty  in  this  plan  is  that  the  photo- 
graphic lens  of  the  great  telescope  ought  not  to  be  put  on  or 
taken  off  after  dark.  When  it  is  once  adjusted  to  the  telescope  it 
should  remain  during  a  whole  observing  night,  and  thus  after  a 
few  photographs  had  been  made,  the  rest  of  the  night  would  be 
useless,  so  far  as  measures  and  drawings  of  the  planet  were  con- 
cerned. At  the  opposition  of  1894  the  altitude  of  Mars  will  be 
61^.  and  satisfactory  photographs  can  then  be  secured. 

DRAWINGS  OF  THE   PLANET. 

The  earliest  drawings  of  the  planet  with  the  great  telescope 
were  made  by  Mr.  Schaeberle  and  myself  on  June  16»  and  since 
that  time  several  drawings  each  night  have  been  secured  by 
Messrs.  Schaeberle,  Barnard,  Campbell  and  Hussey,  I  have  my- 
self examined  the  planet  on  nearly  every  observing  night  and 
compared  its  appearance  with  ray  previous  drawings  made  in  the 
oppositions  from  1875  onwards.  Up  to  the  middle  of  August, 
cousiderablv  more  than  one  hundred  sketches  have  been  secured. 
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Some  of  these  are  very  beautiful  and  complete.  Most  of  them 
are  still  in  the  observing-books,  but  it  is  intended  to  copy  them 
all  on  to  forms  of  a  uniform  size  and  to  publish  what  is  impor- 
tant,  after  it  has  received  a  suitable  discussion  at  the  hands  of 
the  observers.  Most  of  the  drawings  with  the  36-inch  have  been 
made  with  a  magnifying  power  of  350  diameters;  a  few  with  a 
power  of  260.  The  planet  has  occasionally  been  examined  with 
520,  but  the  air  has  not  once  been  steady  enough  to  employ  this 
power  throughout  the  night  with  advantage.  How  unfavorable 
the  circumstances  have  been  can  be  estimated  when  it  is  remem- 
bered that  powers  of  1000  and  even  more  have  been  employed 
on  Jupiter  and  Saturn  with  good  results. 

EXPERIMENTS  ON  THE  CONDITIONS  OF  THE  BEST  VISION. 

Various  instructive  experiments  on  the  condition  of  the  best 
vision  have  been  tried.  The  planet  has  been  viewed  in  the  morn- 
ing and  evening  twilight;  through  colored  shade  glasses;  with 
diminished  apertures;  in  an  artificially  illuminated  field  as  well 
as  in  a  dark  one.  As  the  color-curve  of  the  telescope  shows  that 
the  focal-points  will  be  different  for  rays  of  different  colors,  (see 
Publications  A.  S.  P.  Vol.  II,  page  160),  I  have  tried  the  experi- 
ment of  looking  at  the  dark  canals,  for  example,  with  a  focus 
suitable  for  the  best  vision  of  the  larger  markings  on  Mars  which 
are  of  the  same  dark  color.  The  theor3'  of  this  process  appears 
to  be  correct,  but  I  have  not  noticed  any  material  improvement 
in  the  vision. 

MEASURES  OF  THE  SATELLITES. 

Whenever  it  would  not  interfere  with  more  important  work 
the  satellites  have  been  referred  to  the  centre  of  the  planet,  by 
micrometer  measures  of  position  and  distance.  These  measures 
have  usually  been  made  bN'  Messrs.  Schaeberle  and  Campbell.  It 
is  to  be  noted  that  most  of  these  measures  have  been  made  when 
the  planet  was  low,  or  the  air  unsteady',  saving  the  moments  of 
best  vision  for  examination  of  the  surface  features.  The  meas- 
ures have  been  made  with  the  magnifying  powers  350  and  520. 

They  will  be  reduced  and  published  shortly. 

ECLIPSES  OF  PHOBOS. 

All  the  eclipses  of  Phobos  occuring  during  the  periods  of  ob- 
servation have  been  observed,  usually  b\'  Messrs.  Shaeberle  and 
Campbell.  The  time  of  disappearance  of  the  satellite  in  the 
shadow  of  the  planet  could  be  very  accurately  noted.    The  error 


of  estimation  was  probably  not  more  than  two  or  three^tentl 
of  a  second  of  time.    The  observation  of  these  ech'pses  will  be 
extremel^^  vahiable  in  fixing  the  elements  of  the  satellite's  orbit. 

RELATIVE  BRIGHTNESS  OF  THE  SATELLITES. 

At  the  request  of  Professor  Hall  we  have  made  estimations  oi 
the  relative  brightness  of  the  two  satellites,  Phobos  is,  of 
course*  considerably  brighter  than  Deimos,  The  observationa 
are  not  yet  reduced. 

MEASURES  OF  THE  INCLINATION  OF  THE  PLANET'S  AXIS. 

Measures  to  determine  the  position  of  the  axis  of  Mars  have 
been  made  on  many  occasions,  usually  by  Messrs.  Schaeberle  and 
Campbell.  Like  all  other  micrometric  measures,  they  have 
made  at  times  when  the  vision  was  inferior,  reserving  the  timt 
of  best  seeing  for  an  examination  of  the  planet's  surface.  Some 
measures  of  the  diameters  have  also  been  made. 

MEASURES  OF  THE  SIZE  OF  THE  POLAR  CAP, 

These  measures  have  been  made  so  frequently  that  they  will 
give  a  complete  account  of  the  decided  and  remarkable  changes' 
in  the  size  of  this  marking.  The  polar-cap  has  diminished  in  size 
with  the  advance  of  the  summer  of  Mars.  It  is  worth  inquiry, 
whether  a  cap  composed  of  dense  clouds  would  not  exhibit 
changes  similar  to  those  to  which  a  snow  or  ice-cap  would  be 
subjected ;  or  rather  to  those  which  have  actually  been  observed. 

S9iALL  STARS  NEAR  THE  PLANET. 

With  a  telescoi>e  so  powerful  as  the  H6-inch,  small  stars  of 
something  like  the  brightness  of  the  satellites  nre  frequenlly  seen. 
All  cases  of  such  objects  which  might  be  new  satellites  have  lieen 
carefully  noted  when  theyrwere  fairly  near  to  the  planet, 

OBSERVATIONS  OF    BRIGHT    PROJECTIONS    ON    THE    TERMINATOR  OF 

THE  PLANET. 

A  very  interesting  series  of  observations  of  bright  projecting 
points  on  the  terminator  of  the  planet  was  begun  by  Mr  Schae- 
berle and  myself  early  in  June  and  was  continued  till  the  middle, 
of  July,  and  will  be  resumed  (no  doubt)  towards  the  end  of  Au- 
gust.   Measures  to  fix  their  positions  have  been  made.    During 
the  opposition  of  1890,  similar  observations  seemed  to  show  , 
that  these  projections  were  the  prolongation  of  white  streaks! 
on  the  planet  (clouds?),  (see  Publications  A.  S.  P.,  VoL  II,  pagej 
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248),  and  the  phenomena  of  1892  have  been,  examined  to  see  if  a 
similar  conclnsion  wonld  hold.  The  results  have,  so  far,  been  in- 
decisive. 

CHANGES  ON  THE  PLANET. 

It  is  not  practicable  to  describe  the  remarkable  changes  that 
have  been  noted  on  the  surface  of  the  planet  without  a  set  of 
copies  of  the  drawings  for  reference.  There  have  been  very  fnany 
such.  Marked  changes  have  occurred  in  certain  regions  during 
the  present  opposition  (notably  in  the  polar  cap,  in  the  region 
north  and  east  of  Lacus  Solis,  in  the  Fons  Juventa  etc.). 

In  many  cases  a  feature  has  remained  tolerably  constant  dur- 
ing the  whole  opposition  but  is  markedly  diflFerent  in  its  present 
form  or  color  from  the  representations  made  in  former  years  (no- 
tably the  region  about  Fons  Juventae,  the  Lacus  Solis,  again, 
etc.  etc.). 

In  some  instances  we  have  change  of  form  alone;  in  others 
change  of  color;  in  a  few  cases  the  changes  of  form  and  color 
seem  to  be  associated. 

Nothing  more  definite  can  be  stated  in  this  regard  until  a  series 
of  published  drawings  is  available  to  which  references  can  be 
made. 

I  am  able  to  enclose  with  this,  however,  copies  of  sketches 
which  these  gentlemen  have  copied  for  me,  Messrs.  Campbell  and 
Hussey,  and  which  I  hope  can  be  published  to  accompany  this 
note.  They  are  direct  copies  from  the  observing  books  and,  like 
all  other  such  drawings,  have  been  made  absolutely  indepen- 
dently without  any  consultation  between  the  observers.  In  gen- 
eral, only  the  parts  of  the  planet's  disc  which  are  nearest  the  cen- 
tre, and  therefore  best  seen,  are  drawn.  A  combination  of  the 
hundred  or  more  excellent  drawings  of  this  class  ought  to  give 
some  material  additions  and  improvementseven  to  the  best  exist- 
ing map — that  of  Professor  Schiaparelli. 

SCHIAPARELLl'S  CANALS  AND  DOUBLE  CANALS. 

Up  to  the  middle  of  August  many  of  the  canals  of  Professor 
Schiaparelli  were  mapped.  None  were  seen  double  until  the  night 
of  August  17,  when  Professors  Schaeberle,  Campbell  and  Husse3' 
made  three  entirely  independent  drawings  each  of  which  shows 
the  canal  marked  Ganges  on  Schiaparelli 's  map  to  be  distinctly 
double.  Thus  the  Lick  Observatory  has  the  pleasure  of  confirm- 
ing the  discovery  which  Professor  Schiaparelli  made  in  1881.  I 
am  especially  glad  to  announce  this  fact  as  recent  dispatches  pur- 


porting  to  be  sent  from  Mount  Hamilton  **  announced  *'   that 
those  double  canals  (which  however  had  been  seen  here  during^ 

the  opposition  of  1890) »  did  not  exist. 

CONCLUSION, 

I  may  briefly  state  my  individual  conclusions,  as  derived  from  a 
comparison  of  my  own  observations  of  Mars  at  the  opposition  of 
1875  and  at  all  succeeding  ones,  to  be  that  the  changes  in  the  sur- 
face-features of  Mars  as  we  now  know   them  are  probably  not' 
capable  of  being  completely  explained  by  terrestrial  analogies. 
What  are  we  to  make  of  the  lake  called  Pons  Juventae,  for  ex- 
ample, which  was  a  single  object  in  1877,  which  was  not  visible 
in  1879,  and  which  has  been  both  single  and  double  during  the 
present  year?*    The  dark  areas  on  Mars  may  be  water  and  the, 
red  areas  land ;  but  how  are  we  to  explain  the  faintly  colored ' 
areas  like  Hesperia,  or  Deucalionis  Regio?    Are  they  vast  shoals 
like  the  Grand  Banks  of  Ne^s^bundland ?    Are  they  solid  land,  or, 
are  they  water? 

Is  it  conceivable  that  an  observer  on  Mars,  examining  the 
earth  in  any  part  of  its  recent  histor\\  would  have  seen  an3'  such 
amazing  topographic  changes  as  we  have  this  year  observed,  not 
to  speak  of  the  changes  from  opposition  to  opposition?  It  ap*l 
pears  to  me  that  a  careful  examination  of  the  long  series  of 
drawings  of  Mars  which  we  owe  to  Professor  SchiaparelH  and 
to  others,  up  to  the  present  time,  will  make  it  evident  that  there 
are  enormous  difficulties  in  the  way  of  completely  explaining  the 
recorded  phenomena  by  terrestrial  analogies  unless  we  also  in- 
troduce serious  modifications. 

Lick  Observatorv,  August  18,  1892. 


MARS,! 


WILLIAM   H    FICKBRINU, 


in  my  last  paper  upon  this  planet  an  endeavor  was  made  to 
show  that  actual  changes  did  occur  upon  its  surface,  besides  the 
well  known  annual  change  in  the  size  of  the  snow  caps.  This 
cflbrt  has  perhaps  proved  unnecessary  since  the  changes  which 
have  actually  occured  at  the  present  opposition  have  been  so  con- 
spicuous and  startling  that  they  might  easily  be  detected  even 

*  U  became  single  just  at  the  lime  of  the  appearance  of  the  double  canal 
through  it. 

t  CommuiucatecJ  b>  the  author* 


William  H.  Pickering.  669 

by  the  possessors  of  six-inch  telescopes.  The  canals  can  now  be 
observed  readily  any  evening.  Many  of  those  that  we  have  seen 
here  agree  with  Schiaparelli's,  and  several  do  not.  Several  of  his 
more  strongly  marked  ones  have  not  been  found  at  all.  This, 
however,  I  am  quite  prepared  to  attribute  to  seasonal  changes. 
Some  very  well  develpped  canals  cross  the  oceans.  If  these  are 
really  water  canals  and  water  oceans,  there  would  seem  to  be 
some  incongruity  here.  When  the  snow  melts,  it  seems  that  there 
really  should  be  some  oceans,  and  a  careful  study  has  been  made 
of  the  dark  spot  previously  referred  to,  at  the  northern  end  of  the 
Syrtis  major.  Although  sometimes  dark  g^ay,  yet  in  the  g^eat 
majority  of  cases  when  the  seeing  is  satisfactory,  arid  the  spot  is 
central,  it  appears  of  a  clearly  defined  dark  blue  color.  Another 
spot  presenting  a  precisely  similar  appearance  occupies  a  portion 
of  the  Sinus  Sabaeus  or  Herschel  Strait. 

These  two  spots  when  near  the  limb  have  on  several  occasions 
been  observed  to  be  of  a  beautiful  bright  blue  color.  If  they  are 
really  oceans,  they  must,  under  these  circumstances,  be  reflecting 
to  our  eyes  the  color  of  the  Arean  atmosphere,  as  water  would, 
under  similar  conditions,  do  upon  our  Earth. 

Viewed  with  a  double  image  prism  these  spots  when  near  the 
limb  seem  to  present  faint  traces  of  polarization,  the  plane  being 
radial  to  the  planet.  Until  very  recently  they  were  much  darker 
than  any  other  spots  visible,  although  a  dark  region  near  Solis 
Lacus  (Terby  Sea)  has  upon  one  occasion  appeared  quite  black. 
It  is  my  impression  that  these  two  areas  are  really  water,  and  in 
the  present  article  they  will  be  referred  to  provisionally  as  the 
Northern  and  Equatorial  Seas  respectively.  As  I  have  stated  in 
former  articles  I  very  much  doubt  if  what  are  usually  known  as 
oceans  and  canals  contain  any  water  at  all.  That  is  to  say,  any 
water  which  is  visible  as  such,  for  it  is  quite  possible  and  perhaps 
probable  that  they  may  owe  this  color  indirectly  to  the  presence 
of  water,  stationary  or  running. 

The  boundaries  of  the  Equatorial  Sea  (Fig.  2)  are  all  sharply 
defined.  It  is  1300  miles  in  length,  east  and  west,  and  averages 
a  trifle  over  200  miles  in  breadth,  with  two  deep  bays  slightly 
curved,  and  almost  precisely  alike,  opening  southward,  at  its 
western  end.  In  this  article  I  have  adopted  the  precedent  set  by 
Professor  Schiaparelli  in  applying  the  terms  east  and  west  with 
the  same  signification  as  is  given  to  them  in  maps  of  the  Earth. 
That  is  they  are  reversed  as  compared  with  other  celestial  maps. 
Its  total  area  is  275,000  square  miles.  The  shape  of  the  North- 
em  Sea  (Fig.  3)  is  that  of  an  irregular  quadrilateral,  750  miles 


in  length  by  600  io  breadth.  On  the  north  its  outlines  are  as 
clearly  defined  as  those  of  the  other  sea,  but  on  the  south  it  is 
bounded  bj^  a  dark  gray  region,  never  *»een  hitherto  to  be  blue 
and  whicli  I  am  inclined  to  ascribe  for  reasons  which  will  appear 
later  to  low  land.  If  its  shores  were  indented,  this  might  account 
for  their  rather  indistinct  appearance.  Its  area  is  nearly  equal  to 
that  of  the  Equatorial  Sea,  being  approximately  225,000  squai 
miles.  What  we  may  therefore  speak  of  as  the  permanent  water  ' 
area  upon  Mars  amounts  to  about  half  a  million  square  miles. 
This  is  exactly  one  half  the  area  of  the  Mediterranean  Sea,  A 
glance  at  the  map  of  the  World  in  two  hemispheres  will  give  the 
reader  an  idea  of  the  enormous  disparity  in  the  water  area  of  the 
two  planets.  From  this  circumstance  we  might  expect  theclimate 
of  the  smaller  planet  to  be  on  the  whole  much  the  dryer  of  the 
two,  and  if  all  is  not  a  desert,  at  least  that  the  deserts  would  be 
much  more  prominent  than  upon  the  Earth. 

In  this  connection  we  may  refer  to  the  green  areas  situated 
near  the  poles,  and  described  in  the  June  and  August  numbers  of 
this  periodical.  It  was  then  stated  that  after  the  vernal 
equinox  the  greens  almost  entirely  disappeared  and  the  question 
was  raised  %vhether  the  same  eflect  would  be  noticed  this  year. 
We  can  now  reply  in  the  affirmative,  for  although  we  have 
searched  for  them  with  the  utmost  care  of  late,  when  the  seeing 
was  both  better  and  worse  than  before,  scarcely  a  trace  of  them 
have  we  been  able  to  detect.  There  is  also  a  green  area  to  the 
west  of  the  Equatorial  Ocean,  but  this  region  we  have  not  been 
able  to  inspect  carefully  of  late.  In  case  they  should  reappear^ 
before  the  present  opposition  is  over,  as  is  possible,  it  is  hoped 
that  others  will  be  upon  the  watch  to  detect  them,  and  accu* 
rately  locate  their  positions.  While  their  reappearance  might 
with  some  show  of  probability  be  attributed  to  the  presence  of 
one  of  the  great  branches  of  organic  life  upon  the  planet,  and 
with  this  branch,  as  an  almost  necessary  corollary,  the  other 
one,  we  must  still  consider  the  matter  merely  in  the  light  of  a 
tentative  hypothesis^  until  further  observations  are  accumulated, 
and  content  ourselves  with  the  statement  that  no  facts  have  as 
yet  been  observed  inimical  to  this  idea.  The  one  fact  which  wc 
have  so  far  attempted  to  demonstrate  is  the  presence  upon  the 
planet  of  water  in  the  liquid  form,  and  the  attempt  has  been 
made  to  determine  its  exact  location,  and  the  area  and  shape  of 
the  surfaces  i3ermanently  covered  b}'  it. 

As  might  have  been  expected  from  the  position  of  the  planet's 
axis,  the  snow  cap  is  much  more  conspicuous  at  this  opposition 
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than  it  was  at  the  last.  On  Jane  23,  the  northern  limit  of  the 
southern  polar  snow  cap  was,  on  the  average,  in  latitude  —  65°. 
This  in  our  northern  hemisphere  would  correspond  to  the  lati- 
tude of  northern  Siberia,  Iceland,  and  northern  British  America. 
As  this  date  was  but  thirty  days  after  the  passage  of  the  vernal 
equinox,  it  will  be  seen  that  the  line  of  melting  snow  was  rather 
nearer  the  pole  than  we  might  expect  to  find  it  upon  on  our  own 
Earth  at  the  same  period.  The  area  of  this  snow  cap  was  some 
2,400,000  square  miles.  Upon  this  date  a  small  dark  spot  was 
noted  near  the  center  of  the  snow.  The  spot  was  then  well  de- 
veloped, and  must  have  been  already  existing  for  several  days. 
Since  that  time  it  has  g^own  rapidly,  soon  splitting  the  snow  cap 
into  two  unequal  parts,  and  of  late  changing  its  shape  materi- 
ally. The  snow  cap  in  the  mean  time  has  rapidly  diminished  in 
size,  so  rapidly  in  fact,  that  considering  the  weakened  power  of 
the  sunlight  at  that  distance,  we  are  forced  to  believe  that  its 
depth  is  much  less  than  that  of  the  similar  deposit  covering  the 
poles  of  our  Earth.  It  will  thus  be  seen  that  the  comparatively 
small  snow  caps  of  Mars  by  no  means  necessarily  imply  a 
warmer  climate  than  that  of  the  Earth,  as  some  writers  have  as- 
sumed, but  merely  a  drier  one.  If  the  snow  fell  to  a  less  depth,  a 
larger  proportion  of  the  heat  absorbed  in  the  higher  latitudes 
could  be  employed  in  raising  the  temperature,  and  a  less  amount 
absorbed  in  the  latent  form.  This  would  involve  a  somewhat 
higher  temperature  during  the  summer,  but  a  longer  period  of  in- 
tense cold  during  the  winter,  than  exists  upon  the  Earth,  in  pro- 
portion to  the  length  of  the  year. 

Upon  July  26  it  was  found  that  the  area  of  the  snow  cap  had 
diminished  to  800,000  square  miles.  An  area  of  1,600,000 
square  miles  of  snow  had,  therefore,  been  converted  into  water, 
in  the  space  of  thirty-three  days.  With  our  extensive  oceans  this 
would  produce  no  material  change  upon  the  Earth,  but  what 
must  be  the  effect  upon  Mars,  whose  total  permanent  water  area 
amounts  to  less  than  one-third  of  this  figure  ?  Moreover,  upon 
the  Earth  the  semi-annual  transfer  of  the  melted  snow  from  pole 
to  pole  is  conducted  by  means  of  the  oceans,  but  upon  Mars  this 
transfer  must  take  place  across  the  land.  We  should  naturally 
expect  that  a  considerable  proportion  of  the  water  would  be  ab- 
sorbed or  deposited  upon  the  way.  It  will  therefore  be  interest- 
ing to  notice  what  has  actually  been  observed. 

Eastward  of  the  stem  of  the  Y  mark,  that  is  south  of  Libya, 
there  was  observed  by  Mr.  A.  E.  Douglass  upon  May  8,  and  by 
myself  quite  independently,  upon  May  9,  a  light  colored  triang- 


ular  region  with  a  bright  triangular  center  (Fig.  1).  The  angles 
of  the  central  region  were  so  distinct  that  they  were  selected  as 
stations  for  onr  niicrometric  survey  of  this  surface.  At  the  next' 
presentation  of  this  phase,  a  month  later,  the  central  triangle 
had  entirely  vanished^  being  of  the  same  tint  as  the  outer  triang- 
ular area,  thus  rendering  it  quite  impossible  to  employ  the  selected 
stations.  The  whole  area  was  however  still  much  lighter  than 
the  stem  of  the  Y.  June  11,  it  had  a  decidedly  gi*eenish  gray  tint 
when  central,  and  two  days  later  it  had  assumed  the  same  gray 
color  as  the  stem  of  the  Y  from  which  it  was  indistinguishable. 
July  17,  that  portion  of  this  region  south-east  of  the  Xorthem 
Sea  had  become  extremely  dark  (Fig.  4),  being  only  exceeded  in 
tint  by  the  sea  itself,  which  differed  from  it  mainly  in  color,  the 
sea  being  blue  and  this  region  gray. 

Upon  July  10,  the  region  south-west  of  the  Equatorial  Sea  was 
extremely  faint,  and  but  little  darker  than  the  reddish  region  to 
the  north  of  it,  A  similar  effect  had  been  suspected  in  June.  This 
seems  the  more  singular,  since  after  the  Seas  this  is  usually  one  of 
the  very  darkest  and  most  conspicuous  markings  upon  the  plan- 
et. The  region  west  of  this  has  also  been  subject  to  various 
changes,  which  need  not  however  be  described  in  the  present  arti- 
cle. 

Upon  May  12,  it  was  noticed  that  the  southern  snow  cap  was 
bounded  by  a  verj*  fine  black  line.    By  June  23  this  had  became 
quite  conspicuous  in  some  places*    By  July  10,  that  portion  of  the 
line  lying  upon  the  Arean  meridian  was  as  dark  as  the  Equator- 
ial  Sea,  and  appeared  quite  like  it.     On  July  16,  a  small  elongated! 
black  spot  was  noticed  upon  the  western  side  of  the  stem  of  the 
Y  (Fig.  3),    It  was  then  so  conspicuous,  that  I  was  surprised  I 
had  not  noticed  it   before.     My  measurements  indicated  that  it 
was  about    125  miles   in  length    by  75  miles  in    breadth.     This 
would  make  it  of  about  the  same  size  as  Lake   Erie,   and  it  was, 
connected  with  the  Northern   Sea  by  a  very  narrow  straight^ 
black  line.    This  line  did  not  at  all  resemble  the  so  called  canals, 
being  much  finer  and  blacker.    This  spot  was  again  seen  by  my< 
self  upon  July  17,  and  by  Mr.  Douglass  upon  July  22,  after  which' 
it  disappeared  unexpectedly  in  a  way  which  I  shall  presently-  re- 
late. 

Changes  were  now  coming  thick  and  fast  upon  the  planet,  and 
when  evening  came  round,  and  we  put  our  eyes  to  the  telescope, 
we  never  knew  what  we  should  see  next.    In  my  August  pa  per  J 
reference  is  made  among  other  suspected  changes  to  the  two^ 
arms  of  the  Y,  w^hich  in  the  opposition  of  1890  were  ahvaysi 
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drawn  of  approximately  equal  width.    The  statement  was  then 
made :  *'  At  present  there  is  no  doubt  but  that  the  eastern  arm  is 
much  the  wider  of  the  two,  perhaps  twice  as  wide. "    This  paper 
was  completed  May  13,  1892.    This  statement  still  remained 
true  upon  June  10  and  11,  but  at  the  next  presentation  upon 
July  12,  a  central  arm  was  ishown,  converting  the  Y  into  a  tri- 
dent.   This  arm  connected  directly  with  the  dark  streak  or  split  in 
the  snow  cap  (Fig.  2).    The  eastern  arm  was  still  much  the  wid- 
est,  but  in  two  days  the  diflFerence  between  it  and  the  western 
was  much  less  marked,  and  by  July  17,  they  were  equal  in 
breadth,  just  as  they  appeared  in  1890  (Fig.  4).    In  the  mean 
time  the  central  arm  of  the  trident  had  become  much  more  promi- 
nent being  about  equally  conspicuous  with  the  other  two,  and 
now,  to  my  astonishment  was  seen  a  large  dark  area  south-east  of 
the  Northern  Sea  and  of  fullj'  double  its  area.    This  dark  region 
is  the  one  referred  to  earlier  in  this  paper  as  having  formerly  been 
very  light  colored.    It  was  now  nearly  as  dark  as  the  Sea,  and 
much  darker  than  that  part  of  the  Y  to  the  south  of  it.    In  color 
it  was  gray,  and  not  blue.    This  observation  was  independently 
confirmed  by  Mr.  Douglass  the  next  evening.    By  July  23,  this 
darkening  had  greatly  diminished,  the  color  of  the  dark  region 
being  of  the  same  depth  as  that  of  the  rest  of  the  Y  (Fig.  5), 
which  latter  had  now  materially  changed  its  shape,  owing  to 
eastward  extensions  of  the  eastern  arm.    In  the  mean  time  the 
central  arm,  recently  so  strongly  marked,  had  completely  disap- 
peared.   But  what  was  most  extraordinary'  was  that  the  North- 
em  Sea  had  now  extended  far  to  the  south-west,  completeh'  con- 
cealing the  little  lake  and  the  channel  connecting  the  two.    This 
result  was  also  confirmed  independently  by  Mr.  Douglass  the 
next  evening.    By  **  independently "  I    mean   that  he  made  his 
drawing  without  having  seen  mine,  or  knowing  at  all  what  I 
had  seen.    Indeed,  both  of  us  were  doing  so  much  obser\nng  at 
this  time  that  we  had  little  opportunity  to  compare  results,  and 
unfortunately,  did  not  fulh"  appreciate  the  extent  of  the  changes 
we  were  observing,  and  so  devoted  a  considerable  share  of  our 
attention  to  other  matters.    This  will  account  for  the  apparent 
breaks  in  this  record,  for,  with  the  exception  of  July  9,  when  some 
repairs  were  being  made  upon  the  telescope,  continuous  observa- 
tions have  been  maintained  since  July  4. 

To  return  to  the  observations,  it  is  not  clear  from  the  record, 
whether  the  southern  extension  of  the  Northern  Sea  was  blue  or 
gray.  It  was  merely  recorded  and  drawn  "  as  dark  as  the  North- 
ern Sea.''    On  July  24  Mr.  Douglass  also  recorded  a  large  south- 


em  dark  spot  which  appeared  to  him  as  dark  as  the  Northeral 
Sea,  but  which  I  had  not  noticed  upon  the  23d.    Upon  July  251 
the  original  outlines  of  the  Northern  Sea  were  again  well  faeea.! 
(Fig.  6),  the  region  south-west  of  it  now  being   much  Hghtc 
colored.    The  southern  dark  area  seen  by  Mr.  Douglass,  and 
which  he  had  told  me»  was    also  noted.    As  a  whole  this  area' 
was  not  now  as  dark  as  the  Northern  Sea,  but  it  contained  a 
smaller  spot   which   seemed   quite  as  dark.    There  was  also  a 
narrow    white  channel  extending  northwards    from  the  snow. 
The  eastern  arm  of  the  Y,  formerly  so  wide,  was  now  reduced  to 
a  mere  thread,  while  a  trace  of  the  central  arm  was  again  visible. 

The  Y  is  now  so  placed  that  it  is  only  visible  to  the  observa- 
tories to  the  west  of  us,  and  we  shall  not  be  able  to.obser\*e  it 
again   until    the  middle  of   August.    A   striking  difference   maj| 
be  noted  in  the  arrangement  of  the  dark  channels  in   figures 
3  and  4..    In  both  instances  they  were  well  seen,  and  carefully 
drawn,   and  I  do  not  see  how  the  difference  could  be  due  to  aaJ 
error.    The  latter  arrangement  was  subsequently  confirmed  by 
two  other  drawings.    Regarding  the  former  I   find   the  record. 
**  The  dark  parts  are  usually  not  more  than  150  miles  broad/*    I 
can  scarcely  think,  however,  that  they  could  have  been  as  broad 
as  that. 

The  central  branch  of  the  Y  was  only  noted  by  me  upon  oiic  oc- 
casion ill  1890,  and  that  was  upon  May  25,  when  it  was  ex- 
tremely faint.  The  date  corresponding  to  July  12»  1892  in  the 
previous  opposition  was  August  24^  1890.  At  that  time  the  V 
was  not  visible  in  Cambridge.  The  corresponding  date  at  the 
next  opposition  will  be  May  31,  1894.  If  the  appearance  of  thiii 
central  branch  is  in  any  way  connected  with  the  seasons  upon 
Mars,  it  will  be  of  interest  for  those  observatories  which  art: 
favorably  situated  at  that  time  to  look  for  it,  since,  should  it  then 
be  as  conspicuous  a  phenomenon  as  it  has  been  this  year,  it  could 
be  readily  detcxrted  by  comparatively  small  telescopes. 

In  seeking  to  explain  these  observations,  I  would  merely  point 
out  the  fact  that  the  changes  occurred  at  a  time  when  the  snow 
was  melting  with  great  rapidity,  that  a  dark  channel  suddenly 
appeared  July  12,  which  had  not  been  seen  at  the  last  previotis 
observation  of  this  region  June  13,  that  it  shortly  disap|jeared 
again,  and  that  a  few  days  after  this  event  the  Northern  Sea 
largely  increased  in  area  temporarily,  or  at  least  thai  tin 
southern  shores  became  much  darker.  I  think  these  change 
cannot  be  explained  by  Arean  cloud  effectis.  We  have  already  ol 
served  large  whitish  patches  upon  the  planet,  which  undergo 
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considerable  changes  in  shape  and  extent  from  night  to  night. 
We  arc  now  studying  them  carefully,  although  we  find  them 
rather  difficult  of  observation.  These  changes  we  are  inclined  to 
refer  to  clouds,  although  the  matter  is  not  so  simple  as  it  might 
at  first  appear.  If  these  effects  are  really  due  to  clouds,  they  are 
quite  different  in  character  from  the  other  changes  noted  above. . 

If  the  reader  is  inclined  to  be  surprised  at  the  extraordinary 
character  of  the  phenomena  now  apparently  occurring  upon  our 
sister  planet,  as  revealed  by  the  telescope,  I  can  assure  him  that 
lie  is  no  more  so  than  were  the  observers  themselves.  Nor  do  we 
insist  upon  any  explanation  of  these  changes,  but  only  upon  the 
accuracy  of  the  observations  themselves.  Owing  to  our  remote 
and  isolated  position,  we  know  nothing  at  the  present  writing  of 
what  has  been  done  and  seen  at  the  northern  Observatories,  and 
it  is  possible  that  when  this  strikes  the  reader's  eye,  it  will  not 
be  as  new  to  him  as  it  is  new  to  us.  Nevertheless,  I  am  inclined 
to  think  that  owing  to  our  splendid  atmosphere,  and  southern 
latitude,  portions  of  what  precedes  may  still  be  new,  although 
the  larger  northern  telescopes  will  doubtless  have  detected  all 
the  more  important  changes. 

Arequipa,  Peru,  August  1, 1892. 

Note  in  Regard  to  the  Figures.  In  the  above  figures  north  is 
placed  at  the  top.  The  date  is  given  in  Greenwich  Mean  Time. 
The  scale  is  agooUooo  o^"  200  kilometers  (125  miles)  to  the  milli- 
meter.   In  the  last  five  figures  1"  =  1.4  millimeters. 
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BY  I»R()PESSOR  C.  A..   YOUNG.    Halstkd  Obskrvatory. 

The  planet  was  observed  b^-  me  at  Princeton  with  the  23-inch 
telescope  on  every  available  night  between  July  6th  and  July 
28th,  but  owing  to  interruptions  by  bad  weather  and  other 
causes  the  actual  number  of  satisfactory  views  obtained  was  not 
large.  On  about  Haifa  dozen  occasions,  however,  the  seeing  was 
good  enough  to  permit  the  use  of  magnifying  powers  of  from  500 
to  700,  and  on  the  two  nights  of  July  23d  and  25th  it  was  especi- 
ally fine. 

The  most  conspicuous  feature  upon  the  planet's  surface  was  the 

•  Comtnanicated  bv  the  author. 


great  southern  ice-cap:  on  July  6th  it  measured  very  nearly  !(/' 
across — ab<»ut  1900  miles, — but  it  melted  away  rather  rapidly, 
and  on  July  25th  was  not  more  than  1200  miles  across  by  estima- 
tion. At  first  it  was  dazzlingly  brilliant,  and  uniformh'  so  over 
its  whole  extent/but  on  the  23d  I  noticed  a  dark  streak  in  it.  as  if 
it  had  melted  away  at  the  centre:  the  length  of  the  streak  was 
about  a  third  of  the  diameter  of  the  cap,  and  at  11'^  4o"*  P»  M. 
(Eastern  Standard  Time)  its  direction  was,  as  nearly  as  I  could 
judge,  perpendicular  to  the  central  meridian.  No  satisfactory'^ 
estimate  of  its  width  could  be  made  of  course,  on  account  of  its 
nearness  to  the  limb;  but  that  it  was  a  '* streak/* and  not  in  real- 
ity nearly  circular,  was  evident  from  the  fact  that  two  hours  later 
it  had  obviously  changed  its  direction  and  was  no  longer  i>erpen- 
dicular  to  the  meridian.  This  central  melting  of  the  southei*n  ice- 
cap is  quite  in  accordance  with  the  appearance  indicated  upon 
Schiaparelli's  map  of  1877,  which  shows  an  elongated  patch  en- 
tirely one  side  of  the  pole. 

The  edge  oi  the  cap  was  separated  from  the  general  surface  by 
a  rather  conspicuous  dark  streak,  which  was  by  no  means  uni- 
form in  width.  On  the  25th  two  small  bright  patches  were  noted 
just  at  the  edge  of  the  cap  ;  one  in  areographic  longitude  of  about 
300°  (probably  Schiaparelli*s  **Novissima  Thyle"),  and  the  other 
about  210"  (^'Thyle  IF').  On  the  night  of  the  24th  the  planet 
was  observed  for  a  few  minutes  with  the  OWinch  telescope,  and  I 
was  able  to  see  the  central  dark  spot  in  the  southern  cap»  though 
only  with  difficulty. 

The  appearance  of  the  planet  in  general  corresponded  much 
more  closely  to  the  drawings  of  Green,  made  at  Madeira  in  1877, 
than  to  any  others  with  which  I  am  acquainted.  The  principal 
features  near  the  planet's  equator  w*ere  well  seen  at  difterent 
times;  especially  the  Syrtis  magna  (or  Kaiser  Sea)  and  its  sur- 
roundings on  July  23  and  25.  Of  course  I  tried  very  earnestly  to 
make  out  the  *  canals,*  which  figure  so  conspicuously  in  Schiapar- 
elli's  maps,  but  mosth*  without  success.  There  were,  indeed, 
various  faint  markings  some  of  which  with  a  low  power  seemed  to 
correspond  fairly  in  position  and  general  direction  with  *  canals* 
showTi  upon  the  map ;  but  under  higher  magnifying  powers  the 
resemblance  disappeared ;  that  is»  instead  of  being  narrow  lines 
well  defined  and  nearly  straight,  they  became  mere  shadings,  ir- 
regular»  indefinite  and  vague  in  outline,  and  often  discontinuous. 
But  I  should  not  like  to  be  understood  as  denying  the  reality  of 
the  features  described  and  depicted  by  the  Italian  astronomer. 
The  'seeing,*  though  it  was  unusually  fine  for  Princeton  on  the 
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tions,  and  no  one  portion  of  Mars  was  ever  under  examination 
at  successive  observations.  A  bad  night,  which  several  times 
occurred,  still  further  lessened  the  value  of  the  work  with  the  36- 
inch.  From  these  circumstances  my  own  work  at  this  opposition 
is  not  as  satisfactory  to  me  as  I  should  wish. 

I  have  carefully  avoided  putting  iinything  on  record  that  was 
not  certainly  seen,  and  this  may  account  in  the  main  for  any  lack 
of  detail  m  my  drawings.  What  is  shown,  however,  can  be  relied 
on  as  having  been  seen  and  will  in  general  be  found  fairly  well 
located. 

In  observing  the  planet  I  have  found  that  the  lower  powers 
were  much  more  preferable.  With  the  36-in.  200  diameters  was 
best  for  details  but  the  measures  have  all  been  made  with  520 
diameters.  Some  of  the  stronger  details  have  been  more  satis- 
factory with  the  higher  power.  An  intermediate  power  of  320 
has  also  been  usefully  employed. 

With  the  12-inch  a  power  of  175  has  shown  the  details  best, 
but  the  measures,  as  with  the  other  instrument,  were  made  with 
a  much  higher  power. 

I  have  paid  strict  attention  to  the  polar  cap  which  has  shown 
many  singular  and  interesting  phenomena.  The  diameter  and 
position  angle  of  the  southern  cap  (the  northern  one  was  never 
visible)  has  been  repeatedly  measured  with  both  instruments  in 
the  hope  of  detecting  the  relation  between  its  decrease  and  the 
Martian  season.  There  was  a  pretty  regular  decrease  until  the 
last  of  August  when  the  cap  rather  rapidly  diminished  to  a  very 
insignificant  light  speck  scarcely  distinguishable  from  the  limb. 
So  far  the  cap  has  decreased  from  10",  about  the  last  of  June,  to 
about  3"  in  the  first  part  of  September.  The  actual  decrease  has 
been  somewhat  greater  than  this.  Reduced  to  the  time  of  oppo- 
sition these  values  become  12".4  and  3". 5  respectively.  The  area 
of  the  cap  during  the  above  interval  has  diminished  fully  nine- 
tenths.  If  this  is  snow  and  ice,  and  every  thing  seems  to  point 
that  way,  and  the  water  therefrom  is  distributed  in  the  equa- 
torial regions,  it  would  almost  suggest  a  possible  oscillation  of 
the  axis  of  rotation  due  to  the  transportation  of  vast  masses  of 
water  from  the  poles  to  the  tropical  regions  as  the  seasons  pro- 
gress. 

I  believe  it  has  been  suggested  by  some  one  that  large  dark  dif- 
fusions apparently  streaming  from  the  polar  cap  equatorward, 
are  water  produced  by  the  melting  of  the  ice  cap.  Doubtless 
this  is  the  sheerest  fancy.  There  are,  however,  long  dusky  areas 
emanating  in  the  cap  and  tending  equatorward,  which  doubt- 


LATF    XXXII! 


Mars   Inly  LM),  \SV2.  iV/M)  \    m.,  (^rcvnwkh  Time 

OnsKKVIh    AT    rKINCI-  K   N.    N.     }..    WITH    'J.'i-INCH    Tl.I.F^C< » !».. 


A«»TWOVOM\     AMI    A«iTkii-rin'*U>.   No      1« 


Professor  C,  A,  Young.  677 

23d  and  25th,  was  probably  not  equal  to  that  which  prevails  in 
the  Italian  atmosphere,  nor  can  I  pretend  to  any  remarkable 
keenness  of  vision.  I  can  only  say  that  my  observations  *  failed 
to  confirm '  those  of  Schiaparelli,  and  left  me  rather  skeptical. 

The  continuation  of  the  northern  extremity  of  the  Syrtis  Major 
which  bears  on  the  map  the  names  of  Nilo  Syrtis  and  Nilus,  was 
however  clearly  traceable;  also  certain  short  dark  streaks  in  the 
southern  continent,  corresponding,  perhaps,  to  the  'canals' 
marked  Xanthus,  Scamander,  and  Simois.  At  the  upper  (south- 
em)  portion  of  the  Syrtis  magna,  the  curious  curved  bright 
streak  which  bears  the  name  of  Oenotria  was  conspicuous,  and 
also  certain  others,  less  brilliant  and  more  indefinite  in  outline, 
but  in  a  general  way  resembling  it  in  their  direction  and  curva- 
ture— perhaps  the  Ausonia  and  Libya  of  the  map. 

On  July  6th  at  midnight  the  region  of  the  'Lake  of  the  Sun' 
(Solis  Lacus)  was  nearly  central ;  the  seeing  was  not  remarkably 
good,  but  the  principal  features  of  the  region  could  be  made  out, 
in  pretty  close  accordance  with  the  drawings  of  Green  already  re- 
ferred to.  On  the  evening  of  the  14th,  the  'forked  bay '  (Sabaeus 
Sinus)  was  in  good  position,  and  well  seen;  but  no  trace  of 
canals  could  be  detected,  though  the  whole  disc  was  covered  with 
a  mass  of  beautiful  detail  of  varying  shade  and  color,  quite  de- 
fying my  power  of  delineation. 

I  send  a  somewhat  enlarged  copy  of  a  sketch  made  1:30  a.  m. 
of  the  26th  (E.  Standard  time).  It  does  not  profess  any  minute 
accuracy  of  detail,  but  shows  fairly  well  the  principal  features  as 
they  appeared  to  me.  The  preceding  limb  was  of  course  some- 
w^hat  shaded,  while  the  following  one  was  very  bright,  especially 
near  the  southern  ice-cap. 

The  satellites  were  always,  when  not  behind  the  planet  or  its 
disc,  visible  even  with  the  planet  in  the  field ;  and  they  were  con- 
spicuous when  it  was  put  behind  a  shade  of  neutral  glass  ce- 
mented to  the  field  lens  of  the  eyepiece.  Several  sets  of  microme- 
tric  measures  were  made,  but  they  have  not  yet  been  reduced. 
Deimos  usually  ceased  to  be  visible  at  any  distance  from  the 
planet's  limb  less  than  10".  Phobos  on  the  other  hand  could  be 
seen  when  within  5"  of  it.  So  far  as  could  be  judged  before  final 
reduction  of  the  micrometer  observations,  the  ephemeris  of  the 
satellites  given  by  Hall's  tables  is  almost  absolutely  accurate. 

On  the  night  of  July  23-4,  the  planet  occulted  a  small  star  of 
about  the  10th  magnitude  nearly  centrally,  the  positive  angle  of 
the  point  of  contact  being  about  120°.  The  star  was  last  seen, 
nearly,  but  not  quite  in  contact,  at  1**  43™  15'  (July  25  a.  m.)^ 


and  I  judge  the  actual  contact  was  about  15  seconds  later ;  the 
seeing  at  the  time  was  poor,  so  that  it  was  not  possible  to  make 
out  any  changes  of  form  or  color  due  to  the  planet's  atmosphere, 

I  was  obliged  to  leave  Princeton  on  Juh'^  29th.  Observations 
were  kept  up  until  Aug.  15th  by  my  assistant,  Mr.  Reed,  but  he 
reports  nothing  new  or  of  special  interest. 

Hanover,  N.  H.,  Sept,  7, 1892. 
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The  observations  of  Mars  made  at  this  Observatory  during  the 
present  favorable  opposition  have  been  a  series  of  disappoint- 
ments* save  on  two  or  three  nights  when  the  sky  was  clear;  the 
eeing,  from  atmospheric  disturbances,  has  been  unusually  poor, 
Lt  almost  any  opposition  for  nifiny  years  1  have,  I  think,  seen 
more  of  detail  with  my  4V^-inch  comet  seeker  than  I  have  at  this 
time  been  able  to  secure  with  my  16-inch  telescope.  The  great 
southern  declination  of  the  planet  will,  of  course,  account  in  part 
for  this»  but,  in  my  opinion,  not  wholly. 

On  the  evening  of  July  31  both  Professor  Todd,  then  my  guest, 
and  myself  saw  buth  the  satellites,  and  on  two  occasions  since  I 
have  been  able  to  see  them  though  not  both  at  the  same  time. 

The  snow  zone  has  been  steadily  decreasing  and  is  now  too 
small  to  be  easily  observed  with  small  instruments. 

The  most  important  of  the  observations  I  have  made  was  that 
of  a  small,  black,  circular  spot,  one-half  of  which  was  superim- 
posed on  the  following  side  of  the  snow  zone,  the  remainder  being 
outside,  the  edge  of  the  zone  cutting  the  spot  through  the  center. 
Though  I  saw  this  on  three  occasions,  yet  it  was  visible 
c)uly  during  moments  of  good  definition.  I  judged  it  to  be  equal 
in  size  to  the  shadow  of  Jupiter's  smallest  satellite.  Its  cause  I 
can  ascribe  only  to  a  denudation  of  the  land  from  sn*3w^  by  the 
heat  of  his  Antartic  summer.  Besides  myself,  this  spot  was  also 
seen  on  one  evening  by  a  visitor  at  this  Observator3% 

Though  carefully  sought  for,  nothing  resembling  canals,  single 
or  double,  has  been  observed.  Previous  to  the  opposition  a 
rather  large  dark  spot,  quite  irregular  of  outline,  wasseen  directly 
under  the  snow-cap  but  became  invisible  at  and  near  opposition. 

I  have  observed  in  nearly  all  my  studies  of  this  body  since 
*  Communicated  b^  the  author. 
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{^  again  quite  pale.  It  is  connected  with  tbe  gixat  sea  south 
bj  a  slotder  thread-like  Itiie.  There  is  a  s^mal)  canal  running 
nortii  kom  the  So//s  I^cns  to  a  diffused  dusk^*  spot  which  dc*es 
DOt  app^r  on  Sc)uapareIH*£i  chart.  The  region  about  the  Sohs 
LacQS  seems  to  differ  oitich  from  SchiapaTelli,  while  the  lake  it- 
fdf  is  much  larger  thaji  be  has  shown  it. 

That  are  other  diBerences  fiilh-  as  marked  as  these  at  other 
points  which  will  be  discussed  in  a  later  paper.  These  striking 
changes  are  enough  to  make  us  pause  and  question  whether 
what  we  see  before  ua  tti  the  heai^ens  is  really  another  world 
like  our  ow*ti,  with  relatively  fixed  oceans  and  continents,  or 
wbetbcr  it  is  not  a  w^orld  hkc  our  own  in  its  younger  days 
when  contii>ents  were  shifting  and  oceans  changing,  before  the 
smface  of  the  earth  became  firm  and  fixed  by  the  process  of  cool* 
ing.  U  the  latter  is  the  case  we  can  quite  readily  decide  that 
Mars  is  not  inhabited  by  the  higher  orders  of  life. 

Tlw  so-called  continents  are  not  uniform.  Bright  areas  lieing 
rather  freqiient  and  long  luminous  streaks  have  been  observed 
and  appear  to  be  as  mach  a  feature  of  the  planet's  surface  as  are 
the  seas:  if  the  observations  of  one  opposition  are  to  count,  I 
hare  noticed  only  one  object  of  a  verj-  transient  nature — such  as 
miglit  possibly  be  a  cloud.  On  August  3d  a  conspicuous  himin- 
ous  spot  was  Tistble  in  the  12-inch  that  I  had  not  noticed  bcfcircv 
It  was  small  and  elongated  about  2"  or  3"  in  diameter.  It  was 
in  longitude  219=,  latitude  about  30^  or  40^  north.  Careful 
measures  were  made  of  its  position  on  the  disc  to  he  conipatxHl 
with  sulisequent  observations  of  it.  Though  carefully  U»4>ktHl  h»r, 
I  could  not  see  it  on  succeeding  dates.  If  it  is  a  iKruiancnt  ien* 
tore,  it  must  have  been  much  brighter  on  the  3d. 

I  have  measured  the  positions  and  observed  the  iiani^its  oi  a 
number  of  markings  on  the  planet  during  the  opposition. 

The  satellites  have  been  carefully  uhscrved  and  measured  on 
eTer\'  possible  occasion  and  cstini.ues  of  their  rein  the  hrightness 
fsade.  These  will  presently  !>e  publislied.  Fhobos  has  been  de- 
cidedly the  brighter  of  the  two  at  all  times. 

TbeT  have  both  been  seen  with  the  12-inch.  On  |ulv  Sth  n  stfir 
was  occulted  by  Mars — passing  behiutl  the  planet  at  the  polar 
cap. 

I  have  not  been  able  to  verify  the  duplicity  of  any  of  the  canals 
of Schiaparelli,  though  this  phenomenon  has  Ijeen  carefullv  looked 
for. 

I  send  two  drawings  of  the  planet,  one  with  the  36-in.  and  one 
irith  the  12-in.,  as  specimens  of  what  I  have  been  able  to  see.    In 
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less  gave  rise  to  the  idea.  But  there  are  changes  here  that  are  so 
vast  and  so  rapid  as  would  hardly  be  warranted  by  the  action 
of  the  Sun  on  the  ice  cap  unless  the  ice  and  snow  on  Mars  are 
very  difterent  from  our  ow^n.  In  the  latter  half  of  June  an  ir- 
regular dark  area  appeared  near  the  middle  of  t!ie  polar  cap.  On 
at  least  one  occasion  this  was  reddish  like  the  so-called  conti- 
nents. 

By  the  latter  part  of  July  the  entire  polar  cap,  presented  to  the 
earth,  seemed  to  be  heavily  obscured  and  dusky,  while  two  bril- 
liant w^hite  spots  appeared  on  it.  It  had,  however,  again  re-^i 
sumed  its  brilliancy  by  the  first  week  in  August.  On  several  oc- 
casions detached  portions  were  seen  lying  close  to  the  parent 
cap* 

About  August  19th  an  irregular  portion  or  bay  in  the  cap  was 
brought  into  view  by  the  rotation  of  the  planet.  By  the  21st, 
this  was  seen  to  be  abruptly  terminated  on  its  preceding  side  by 
a  sharp  notch  and  projection.  At  first  there  was  no  perceptible 
separation,  but  gradually  a  dark  line  crept  across  near  the  edge 
of  the  cap  and  finally  separated  a  large  mass  from  the  main  por- 
tion by  a  dark  channel.  This  seemed  to  be  the  forerunner  of 
rapid  changes,  for  later,  at  the  end  of  August  near  this  same  re- 
gion, a  large  portion  of  the  cap  seemed  to  become  obscured  or 
dissipated.  The  entire  cap  rapidly  diminished  in  si2e  imtil  a  few 
days  later  only  a  tiny  glimmer  of  the  once  brilliant  cap  remained. 

On  several  occasions,  the  sharpness  of  outline,  and  the  bril- 
liancy of  the  cap  has  been  almost  startling  in  its  vividness.  At 
these  times  the  color  of  Mars  has  appeared  very  strong — a  deep 
rich  orange. 

There  is,  of  course,  a  verv  great  diversity  in  the  depth  of  shade 
of  the  surface  markings  of  Mars.  Certain  of  the  so-called  seas 
are  much  darker  than  others,  and  there  are  some  so  faint  as  to 
be  scarcely  discet*nible— such  are  in  the  south  polar  regions. 
Their  feebleness  of  tint  is  not  altogether  due  to  being  seen  at  a 
gre^t  latitude.  There  is  a  great  preponderance  of  markings  and 
details  south  of  the  equator  even  to  the  pole,  while  to  the  north 
scarcely  any  detail  could  be  made  out.  There  are  certain  re- 
markable differences  apparent  between  the  present  appearance  of 
the  planet  and  previous  charts.  If  the  charts  are  at  all  correct — 
and  they  doubtless  were — important  changes  are  at  work  on  the 
planet.  A  short  distance  iollowmg  the  SoUs  Lacus — the  Terhv 
sea  of  some  charts — is  a  small  dark  spot  that  is  not  shown  on 
Schiaparelli's  celebrated  chart.  This  small  spot  seems  to  var>' 
very  much  in  depth  of  shade.    It  has  l>een  seen  very  dark  and 
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then  again  quite  pale.  It  is  connected  with  the  great  aea  south 
by  a  slender  thread-like  line.  There  is  a  small  canal  running 
north  from  the  Solis  Lacus  to  a  diffused  dusky  spot  which  does 
not  appear  on  Schiaparelli's  chart.  The  region  about  the  Solis 
Lacus  seems  to  differ  much  from  Schiaparelli,  while  the  lake  it- 
self is  much  larger  than  he  has  shown  it. 

There  are  other  differences  fully  as  marked  as  these  at  other 
points  which  will  be  discussed  in  a  later  paper.  These  striking 
changes  are  enough  to  make  us  pause  and  question  whether 
what  we  see  before  us  in  the  heavens  is  really  another  world 
like  our  own,  with  relatively  fixed  oceans  and  continents,  or 
whether  it  is  not  a  world  like  our  own  in  its  younger  days 
when  continents  were  shifting  and  oceans  changing,  before  the 
surface  of  the  earth  became  firm  and  fixed  by  the  process  of  cool- 
ing. If  the  latter  is  the  case  we  can  quite  readily  decide  that 
Mars  is  not  inhabited  by  the  higher  orders  of  life. 

The  so-called  continents  are  not  uniform.  Bright  areas  being 
rather  frequent  and  long  luminous  streaks  have  been  observed 
and  appear  to  be  as  much  a  feature  of  the  planet's  surface  as  are 
the  seas ;  if  the  observations  of  one  opposition  are  to  count,  I 
have  noticed  only  one  object  of  a  very  transient  nature— such  as 
might  possibly  be  a  cloud.  On  August  3d  a  conspicuous  lumin- 
ous spot  was  visible  in  the  12-inch  that  I  had  not  noticed  before. 
It  was  small  and  elongated  about  2"  or  3"  in  diameter.  It  was 
in  longitude  219°,  latitude  about  30°  or  40°  north.  Careful 
measures  were  made  of  its  position  on  the  disc  to  be  compared 
with  sul^sequent  observations  of  it.  Though  carefully  looked  for, 
I  could  not  see  it  on  succeeding  dates.  If  it  is  a  permanent  fea- 
ture, it  must  have  been  much  brighter  on  the  3d. 

I  have  measured  the  positions  and  observed  the  transits  of  a 
number  of  markings  on  the  planet  during  the  opposition. 

The  satellites  have  been  carefully  observed  and  measured  on 
every  possible  occasion  and  estimates  of  their  relative  brightness 
made.  These  will  presentl3'  be  published.  Phobos  has  been  de- 
cidedly the  brighter  of  the  two  at  all  times. 

They  have  both  been  seen  with  the  12-inch.  On  July  8th  a  star 
was  occulted  by  Mars— passing  behind  the  planet  at  the  polar 
cap. 

I  have  not  been  able  to  verify  the  duplicity  of  any  of  the  canals 
of  Schiaparelli,  though  this  phenomenon  has  been  carefully  looked 
for. 

I  send  two  drawings  of  the  planet,  one  with  the  36-in.  and  one 
with  the  12-in.,  as  specimens  of  what  I  have  been  able  to  see.    In 


the  second  of  these  the  region  shown  in  the  first  is  just  disappear- 
ing at  the  preceding  limb.  The  following  are  the  longitudes  and 
latitudes  of  the  center  of  the  pictures: 

Aug.  19,  k  =  79°.5       /?  =  —  ll'^.T 
Aug.  21,  A  =  16  .3        /5f^--ll  .7 

Mt.  Hamilton,  1892,  Sept.  8, 
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At  Northfield  the  altitude  of  Mars  during  August  was  nei 
greater  than  22"^,  so  that  the  seeing  was  seldom  good.  On  a  few 
nights,  however,  we  were  able  to  make  out  not  only  the  promin- 
ent markings  but  some  of  the  "canals"  of  Schiaparelli.  These 
latter  were  extremely  difficult  to  hold  in  vision  for  any  length  of 
time,  but  were  at  moments  distinctly  seen.  Sketches  were  made 
at  the  telescope  on  ten  nights.  We  reproduce  two  of  the  sketches 
(Plates  XXXI  and  XXXII)  made  on  the  nights  of  best  seeing, 
Aug.  13  and  26. 

The  satellites  were  always  seen  with  comparative  ease,  when 
near  elongation »  when  the  planet  was  covered  by  an  occulting 
bar.  They  could  be  seen  without  the  aid  of  the  occulting 
bar  when  the  seeing  was  good  enough  to  allow  the  use  of  a 
power  of  800  or  more.  Phobos  was  always  estimated  brighter 
than  Dei m OS* 

The  magnifying  power  which  generally  showed  the  markings 
best  was  about  300.  When  the  seeing  was  poor  it  was  some* 
times  improved  by  capping  down  the  objective  to  8  inches. 

Up  to  Aug.  11  the  only  canals  seen  were  Titan,  Tartarus, 
Cyclops  and  Cerberus  as  one,  Hephaestus  and  Propontis.  On 
this  date  at  11''  the  Solis  Lacus  region  was  near  the  center  of  the 
planet's  disk.  This  region  differs  so  much  from  SchiaparelH's 
map  that  it  is  difRcult  to  identify  the  features  drawn  with  those 
in  the  map.  The  area  above  and  to  the  left  of  Solis  Lacus,  in 
which  Schiaparelli  has  the  canals  Nectar  and  Ambrosia,  is  all 
nearly  as  dark  as  the  so-called  seas.  Lacus  Phoenicis  is  so  large 
that  in  comparing  the  drawing  with  the  map  I  at  first  mistook 
it  for  Lacus  Solis.  The  canals  Easphoros,  Phasis,  Sirenius  and 
Eumenides  and  another  connecting  Lacus  Solis  and  Lacus 
Tithonius  are  shown  in  the  sketch.    The  same  features  arc  shown 
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with  others  on  the  drawing  made  Aug.  13  from  11*^  to  13",  which 
is  reproduced  in  Plate  XXXI.  The  seeing  on  this  night  was  for  a 
time  excellent  but  became  poorer  before  the  drawing  was  com- 
pleted. The  most  prominent  markings  were  located  in  the 
drawing  during  the  first  half  hour.  The  three  double  spots  near 
the  equator  were  seen  by  Professor  Crusinberry,  of  Drake  Uni- 
versity, Des  Moines,  la.,  as  well  as  by  the  author  of  the  draw- 
ing. We  may  perhaps  identify  the  right  hand  pair  with  Lacus 
Phoenicis,  the  middle  pair  with  Tithonius  Lacus  and  the  others 
with  Pons  JuventJae  and  portions  of  Aurorae  Sinus.  The  faint 
streaks  it  is  difficult  to  identify  with  certainty  with  Schiaparelli's 
map,  though  the  three  parallel  streaks  running  northward  may 
be  Ganges  and  Fortunae  and  Iris.  The  doubling  of  these  spots 
was  noticed  only  at  brief  moments.  The  appearance  was  gen- 
erally that  of  three  single  spots.  The  same  spots  were  seen 
again  on  Sept.  14-  and  15,  when  the  definition  was  not  good 
enough  to  allow  the  canals  to  be  seen. 

August  24  at  10**  the  seeing  was  good  and  the  appearance  of 
the  planet  essentially  the  same  as  on  the  26th  at  10*»  4.5°*.  The 
sketch  for  the  latter  date  is  reproduced  in  Plate  XXXII.  The 
streaks  on  the  lower  portion  may  be  identified  as  Typhon,  Hid- 
dekel,  Gehon,  Deuteronilus  and  Oxus.  The  whole  of  Syrtis  Major 
and  Libya  is  drawn  dark.  The  region  Hellas  is  considerably 
larger  than  in  Schiaparelli's  map  published  in  P Astronomic  1889. 
In  the  lower  part  of  this  region  was  a  small  white  area.  Another 
white  area  was  noticed  in  the  lower  left  portion  of  Deucalionis 
Regio.  In  fact,  in  the  moments  of  best  seeing,  the  whole  of  the 
dark  area  on  the  planet  seemed  to  be  sprinkled  over  with  very 
small  cloud-like  white  spots.  Noachis  Regio  appeared  as  a  light 
streak  to  the  right  of  Hellas. 

The  south  polar  cap  has  always  appeared  perfectly  white  and 
round  (elliptic  by  projection),  except  on  Aug.  26,  when  there  was 
a  suspicion  of  a  slight  notch  in  the  edge  as  shown  in  the  sketch. 
At  the  north  edge  of  the  disk  a  much  larger  white  area,  less  well 
defined,  was  always  seen. 
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Many  changes  have  taken  place  on  the  surface  of  Jupiter  since 
last  opposition.  Three  heavy  conspicuous  belts  now  cross  the 
face  of  the  planet.  The  distance  of  these  belts  from  the  northern 
limb,  measured  on  July  31,  were  13".5,  18".4,  26'M,  There  arc 
other  aud  narrower  belts,  but  these  three  are  the  leading  fea- 
tures. 

The  detail  in  the  Southern  Hemisphere,  as  has  been  strikingly 
characteristic  of  that  region  for  at  least  the  last  12  years,  is  ver>' 
much  broken  and  irregular,  consisting  of  strips,  patches  and 
spots. 

The  great  red  spot  is  still  visible,  but  it  has  just  passed  through 
a  crisis  that  seemingl3^  threatened  its  verj'  existence.  For  the 
past  month  it  has  been  all  but  impossible  to  catch  the  feeblest 
trace  of  the  spot,  though  the  ever  persistent  bay  in  the  equa- 
torial belt  close  north  of  it,  and  which  has  been  so  intimately 
connected  with  the  history  of  the  red  spot,  has  been  as  conspicu- 
ous as  ever.  For  a  while  there  was  only  the  feeblest  glow  of 
warmth  where  the  spot  ought  to  be.  This  has  been  the  case 
under  the  very  best  seeing.  It  is  now,  however,  possible  to  de- 
tect a  feeble  outline  of  the  following  end  and  the  feeblest  traces 
of  the  entire  spot.  An  obscuring  medium  seems  to  have  liecn 
passing  over  it  and  has  now  drifted  somewhat  preceding  the 
spot. 

Among  the  interesting  features  of  the  northern  hcmtsphere  is  a 
small,  rather  conspicuous  black  spot  on  the  north  edge  of  the 
northern  of  the  three  large  belts.  This  object,  which  is  similar  to 
the  smalJ  northern  black  spots  of  last  year,  is  interesting  since 
its  motion  seems  to  be  about  the  same  as  that  of  the  great  red 
spot.  Indeed  the  observations  might  imply  a  longer  rotation 
period  which  would  be  very  extraordinary  as  the  red  spot  seems 
to  be  alone  in  reference  to  slowness  of  rotation. 

Following  are  a  few  notes  on  the  appearance  of  the  great  red 
spot  this  year: 

July  24.  There  are  only  the  feeblest  traces  of  the  great  red 
spot.  It  is  exceedingly  faint  and  pale.  The  following  end  alone 
can  l)e  made  out.  The  spot  seems  to  blend  into  darker  regions? 
south  and  preceding  it.    Seeing  =  6.    As  near  as  possible  the 
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remnants  of  the  spot  transitted  at  15**  18.7™  Mt.  Hamilton 
M.  T.,  X  =  357°.2. 

July  29.  Observed  with  the  36.inch.  The  following  end  of  the 
great  red  spot  in  transit  at  14**  41"*.  There  is  a  diffased  pinkish 
glow  where  the  red  spot  ought  to  be,  but  there  is  no  form 
whatever  to  it.  Seeing  =  3-4.  This  observation  would  give 
A  =  354°  ±  for  the  red  spot's  centre. 

Aug.  3.  The  spot  seems  to  blend  into  the  general  surface 
preceding  which  is  dusky.  There  is  only  a  feeble  trace  of  the  fol- 
lowing end.  At  14**  0"  the  following  end  is  some  10"  past 
transit. 

Aug.  5  with  the  36-inch.  15»*  10.2"  the  remnants  of  the  red 
spot  central.  The  corresponding  X  =  355°.5  The  spot  has  no 
outline  at  all.  There  is  nothing  to  show  its  presence  but  a  feeble 
glow.  There  is  a  white  spot  on  it  near  where  the  preceding  end 
ought  to  be.    Seeing  =  5. 

Aug.  8.  12»*  40"  red  spot  in  transit.  X  =  355°.9.  Seeing  =  4. 
The  spot  is  now  a  little  more  definite.  It  would  seem  that  the 
cause  of  its  almost  total  disappearance  is  passing  away.  The 
following  end  is  faintly  seen  and  the  entire  outline  is  vaguely 
made  out. 

Aug.  12.    (36).    Red  spot  central  15»»  59".4   X  =  357°.3. 

The  following  measures  of  its  position  were  made: 

Center  of  spot  from  north  limb  =  29'M  (2  obs.). 
•*      *'       **      south  limb  =  13'M  (2  obs.). 

It  will  be  interesting  to  watch  the  small  white  spot  to  see  if  it 
leaves  the  red  spot.  It  resembled  the  ordinary  white  spots  which 
have  been  so  abundant  south  of  the  red  spot  the  past  few  years. 

If  it  is  one  of  these  it  would  show  that  the  red  spot  is  in  a 
lower  stratum  than  this  one. 

The  small  northern  dark  spot,  previously  mentioned,  has  been 
observed  on  the  following  occasions : 

July  24.  14^*  55"'. 8.  The  small  spot  in  transit  and  its  longi- 
tude 343  ^3. 

Aug.  5,  with  36-in.  14.''  56'".  The  small  spot  in  transit 
X  =  347^.4. 

Aug.  8.     12»»  28'".    The  small  spot  in  transit.    X  =  348°.6. 

Aug.  12  (36).    Small  spot  in  transit  at  15^  47"'.9.*  X  =  350°.4. 

On  account  of  its  high  latitude,  great  exactness  in  observing 
its  transits  is  not  possible,  and  so  the  apparent  increase  of  longi- 
tude ma3'  not  be  real. 

On  July  8 — at  transit,  its  position  was  measured  with  the  mi- 
crometer. 


688  Recent  Observations  of  Jupiter. 

From  north  limb  9".3  (2  obs.). 
From  south  limb  29".7  (2  obs.). 

The  following  observations  of  the  satellites  have  been  obtained. 
Mt.  Hamilton  Mean  Time. 

July  22.    Satellite  I  leaving  the  Disc. 

1st  contact 15»»    22"    42* 

V2off. 15      25      12 

Last  contact 15      28        7 

July  29.    Satellite  I  going  on  the  Disc. 

1st  contact 15>»      7".5 

^on 15      10  .0 

Last  contact 15      11   .6 

Aug.  5.    Shadow  of  Satellite  I  going  on. 
^on 15J>    44».2 

Aug.  7.    Satellite  I  leaving  the  Disc. 

1st  contact 13*»    33».5 

%off. 13      35  .5 

Last  contact 13      36  .9 

Aug.  8.    Satellite  IV  golng  behind  the  Disc. 
V2  under 12»»    54».3 

The  satellite  disappeared  at  a  very  high  north  latitute. 

Aug.  12.    Reappearance  of  Satellite  II  from  Occultation. 

Mjout 16»»    0*"    14' 

Last  Contact 16      2      29 

Observations  with  the  36-inch.  Seeing  perfect.  No  trace  what- 
ever of  the  satellite  through  the  edge  of  Jupiter.  The  limb  of  the 
planet  cut  the  satellite  sharply.  II  was  very  much  brighter  than 
the  limb.  I  have  previously  observed  several  other  occultations 
of  the  satellites  with  the  36-inch  under  good  conditions  but  have 
never  been  able  to  see  the  least  trace  of  a  satellite  through  the 
planet,  the  limb  always  appearing  perfectly  opaque.  A  similar 
negative  result  has  occurred  in  a  great  many  observations  of 
occultations  with  the  12-inch,  and  smaller  instruments. 

Aug.  14, 1892. 
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In  the  death  of  this  eminent  man  astronomical  science  has  lost 
one  of  its  most  efficient  workers ;  one  who  loved  devotedly  his 
chosen  labor,  and  who  did  much  to  originate  means  and  methods 
and  gave  most  invaluable  direction  and  impulse  to  astronomical 
photography. 

Mr.  Rutherfurd  was  born  at  Morrisania,  N.  Y.,  on  November 
25th,  1816. t  John  Rutherfurd,  his  grandfather,  was  of  Scotch 
descent,  and  served  as  Senator  of  the  United  States  from  New 
Jersey  from  1791  to  1798.  He  was  also  one  of  the  commission- 
ers for  establishing  the  boundary  lines  between  several  states, 
and  assisted  in  laying  out  a  portion  of  New  York  City.  The  Earl 
of  Stirling,  Major  General  William  Alexander,  was  an  uncle  of 
John  Rutherfurd.  General  Alexander  took  a  distinguished  part 
in  several  battles  of  the  Revolution.  He  is  said  to  have  been 
an  excellent  mathematician  and  somewhat  of  an  astronomer. 
Lewis  M.  Rutherfiird's  mother  was  a  direct  descendant  of  Lewis 
Morris,  one  of  the  signers  of  the  Declaration  of  Independence,  and 
after  him  Mr.  Rutherfurd  was  named. 

At  the  age  of  fifteen  he  entered  the  Sophomore  class  at  Williams 
College,  and  was  graduated  in  due  course.  At  College  he  showed 
his  love  for  investigation,  and  was  made  assistant  to  the  Pro- 
fessor of  Chemistry  and  Physics.  He  aided  in  the  lecture  prepa- 
rations and  experiments.  Here  he  gave  evidence  of  his  taste  for 
scientific  work  and  of  his  mechanical  skill.  After  graduation  he 
studied  law  with  the  Hon.  William  H.  Seward,  at  Auburn,  N.  Y., 
and  was  admitted  to  the  bar  in  1837.  Mr.  Rutherfurd's  associ- 
ates in  the  practice  of  law  were  the  distinguished  men,  Peter  A. 
Jay,  and,  after  Jay's  death,  the  Hon.  Hamilton  Fish. 

During  the  practice  of  his  profession  he  gave  much  of  his  leisure 
time  to  studies  and  experiments  in  chemistry  and  mechanics  bear- 
ing on  astronomy.  In  the  early  part  of  his  professional  career  he 
tnarried  Miss  Margaret  Stuyvesant  Chanler,  a  niece  of  Peter  G. 
Stuyvesant.    His  wife's  fortune  added  to  his  own  made  it  agree- 


•  Communicated  by  the  author. 

t  I  am  indebted  for  many  items  of  information  in  this  brief  sketch  to  Mr. 
Kutberfurd*s  son,  Rutherfurd  Stuyvesant,  Esq.,  of  New  York  City,  who  at  my  re- 
quest sent  me  a  copy  of  some  notes  written  out  by  his  father  a  few  years  a^^o 
after  argent  and  repeated  solicitation  on  the  part  of  the  son.  A  portion  of  these 
notes  was  used  in  preparing  the  article  on  Mr.  Rutherfurd  in  Appleton's  Cydo- 
pflcdia  for  1888. 


able  and  possible  for  him  in  1849  to  abandon  the  law,  and  thene- 
after  he  devoted  his  leisure  to  science,  [principally'  in  the  direction 
of  astronomical  photography  and  spectrum  analysis. 

In  1849  he  travelled  in  Europe  and  studied  with  the  Italian  op- 
tician Aniici,  He  remained  abroad  some  time  travelling  and 
studying.  On  his  return  to  New  York  City  he  erected  in  his 
garden,  at  the  back  of  his  house  at  the  corner  of  Second  Avenue 
and  Eleventh  Street,  a  small  hut  excellent  Observatory.  The 
building  was  arranged  to  contain  transit  instrument,  clock  and 
equatorial  telescope.  It  was  a  very  modest  building  but  des- 
tined to  be  the  witness  of  great  deeds. 

Near  by,  in  the  tine  dwelling  house,  were  a  commodious  study 
and  a  work  shop  fitted  with  turning  lathes  and  tools  of  all  kinds 
necessary  for  his  work.  The  splendid  work  of  Bunsen  and  Kirch- 
hoff  was  then  attracting  great  attention,  and  Mr.  Rutherftird  de- 
voted most  of  his  time  to  spectroscopic  investigations.  One  re- 
sult was  that  in  January  18G3  he  published  in  Silliman's  Journal* 
a  paper  on  the  spectra  of  stars,  moon,  and  planets.  In  this  paper 
he  gave  diagrams  of  the  lines  and  i\  description  of  the  instruments 
employed.  This  paper  was  the  first  published  work  on  star 
spectra.  In  this  important  communication  the  first  attempt  was 
made  to  classify  the  stars  according  to  their  spectra.  He  wrote 
in  this  paper,  "The  star  spectra  present  such  varieties  that  it  is 
difficult  to  point  out  any  modes  of  classification.  For  the  present, 
I  divide  them  into  three  groups:  first,  those  having  many  lines, 
and  bands,  and  mostly  resembling  the  Sun,  viz.,  Capella,  fi 
Geminomm,  a  Ononis,  etc.  These  are  all  reddish  or  golden  stars. 
The  second  group,  of  which  Sinus  is  the  type,  presents  spectra 
wholly  unlike  that  of  the  Sun.  and  are  white  stars.  The  third 
group  comprising  a  Virginis,  Rigel,  etc.,  are  also  white  stars, 
but  show  no  lines;  perhaps  they  contain  no  mineral  substance 
or  are  incandescent  without  flame/* 

The  spectroscope  of  that  day  was  a  rude  instrument,  not  well 
understood;  and  its  results,  of  course,  do  not  compare  in  defini- 
tion and  accuracy  with  spectroscopes  of  more  recent  times*  but 
Mr.  Kutherfurd*s  results  were  most  suggestive  and  valuable. 

In  the  course  of  his  observations  upon  the  stellar  spectra  he 
discovered  the  use  of  the  star  spectroscope  to  show  the  exact 
state  of  the  color  correction  in  an  object  glass,  particiilarly  for 
the  rays  used  in  photography.  Patiently  and  skillfully  he 
followed  up  this  trail,  and  in  1864,  after  many  experiments  in 
other  directions,  but  always  aiming  at  the  same  end,  he  succeeded 
•  Amcricmnjourna!  of  Science  Vol.  XXXV,  pw  71. 


{ 


John  K.  Rees.  691 


in  devising  and  constructing,  with  the  aid  of  Mr.  Fitz,  an  object- 
glass  1H4  inches  in  diameter  and  about  fifteen  feet  focal  length. 
This  lens  was  corrected  for  photography  alone  and  was  useless 
for  vision.  A  very  brief  account  of  this  glass  and  of  the  prior  ex- 
periments was  published  by  Mr.  Rutherfurd  in  the  American 
Journal  of  Science  for  May,  1865. 

The  llV4-inch  glass  was  a  great  success  and  was  used  constant- 
ly in  making  negatives  of  Sun,  Moon,  and  star  groups.  All  of 
the  superb  photographs  of  the  Moon  taken  before  1868  were 
made  with  this  lens.  Mr.  Rutherfurd  considered  the  negative 
made  on  the  night  of  March  6th,  1865,  as  especially  good.  His 
photographs  of  the  Moon  were  the  finest  ever  made  up  to  that 
time  and  have  only  been  equalled  in  very  recent  years.  The  cop- 
ies, which  were  scattered  with  a  generous  hand,  attracted  great 
attention  and  inspired  deserved  admiration.  Of  course  Mr.  Ruth- 
erfurd used  wet  plates,  and  in  making  moon  photographs  he 
quickly  discovered  that  the  brighter  portions  of  the  moon  must 
have  shorter  exposures  than  the  ragged  edge ;  so  he  alwaj-s  gave 
his  plates  a  skillftilh'  graduated  exposure,  which  is  evident  in  the 
beautiful  definition  throughout  the  whole  surface  of  his  moon 
photographs. 

In  1868  he  finished  his  1 3-inch  object  glass.  The  llV4-inch  was 
taken  by  Dr.  Gould  in  1870  to  South  America.  Unfortunately  it 
was  cracked  in  transit.  Dr.  Gould  put  the  pieces  together  and 
made  some  photographs  with  it  of  the  southern  heavens.  He 
afterwards  obtained  another  lens.  The  new  13-inch  had  a  focal 
length  of  a  little  over  fifteen  feet.  This  glass  was  an  ordinary 
achromatic  lens  and  was  connected  with  a  third  lens  of  flint  glass 
which  made  the  proper  correction  for  photography,  and  short- 
ened the  focal  length  to  13  feet.  This  correcting  lens  could  be 
fixed  outside  of  the  ordinary-  seeing  glass,  in  a  few  minutes,  by 
three  set  screws.  All  of  the  photographs  taken  after  1868  were 
made  with  this  new  instrument.  Mr.  Rutherfurd's  photographs 
of  the  Sun  were  quite  as  remarkable  as  those  of  the  moon.  The 
series  taken  in  1870  showed  beautifully  the  details  of  spots,  the 
faculae,  and  the  mottled  surface  of  the  photosphere,  and  exhibited 
clearly  the  rotation  of  the  Sun  and  the  changes  in  the  forms 
and  groupings  of  the  spots.  Mr.  Rutherfurd  was  not  con- 
tent with  merely  taking  the  photographs :  he  contrived  and  con- 
stmcted  a  measuring  micrometer  for  his  plates.  This  was  ar- 
ranged to  measure  position-angle  and  distance  from  a  central 
star.  In  the  micrometer  used  previously  to  1872,  he  employed 
screws  only,  but,  on  finding  that  the  screw  was  unreliable  for 


long  distances,  be  it  cut  ever  so  nicely  by  his  own  apparatus, 
it  needed  constant  investigation  for  errors  of  wear,  etc,  he  in 
1872  arranged  his  measuring  machine  with  a  glass  scale,  so  that 
thereafter  he  depended  on  the  screw  for  very  small  distance  meas- 
ures only  between  the  divisions  of  the  scale.  This  instrument 
will  be  found  illustrated  and  described  in  Appleton's  Cyclopfedia, 
Doubts  having  been  expressed  in  Germany  as  to  the  stabihty  of 
the  collodion  film  he  published  in  1872/  a  series  of  measurements 
w^hich  demonstrated  conclusively  the  fixity  of  the  film  when  used 
upon  a  plate  treated  with  dilute  albumen.  In  1864,  Mr.  Ruther- 
furd  presented  to  our  National  Academ\' of  Sciences  a  photograph 
of  the  solar  spectrum  obtained  by  using  bisulphide  of  carbon 
prisms.  He  explained  how  he  secured  the  needed  uniform  density 
of  the  lt(iuid,  and  proved  how  essential  this  precaution  w^ns.  The 
number  of  lines  in  the  spectrum  photograph  was  more  than  three 
times  the  number  within  the  same  limits  on  the  chart  of  Hunsen 
and  Kirchoff. 

During  1870,  Mr.  Rutherfurd  constructed  a  ruling  engine  ue-' 
scribed  and  figured  in  Appletoa's  Cyclopaedia  under  the  article 
•*  Spectrum,  **  With  this  beautiful  apparatus  he  produced  superb 
interference  gratings  on  glass  and  on  speculum  metal.  Some  of 
the  ruled  plates  had  17,000  lines  to  the  inch,  they  were  superior 
to  all  others  down  to  the  time  when  Professor  Rowland  per- 
fected his  machine, 

Mr,  Rutherfurd  spent  a  gi'eat  deal  of  time  studying  the  cutting 
operation  of  diamonds,  and  in  perfecting  the  micrometer  screw 
for  his  ruling  engine.  The  engine  was  run  by  a  miniature  turbii 
wheel  and  was  kept  at  work  during  the  still  hours  of  the  night 
Many  of  these  ruled  plates  were  distributed  wnth  a  generous  hand 
among  the  scientific  men  of  the  world. 

The  Amcrkan  Journal  of  Science  for  March»  1865,  contains  an 
article  by  Mr.  Rutheri'urd  describing  and  illustrating  his  method 
for  the  adjustment  of  a  battery  of  prisms  to  the  position  of  least 
deviation.  This  method  w^as  extremely  convenient.  He  pro- 
duced a  photograph  of  the  solar  spectrum  with  his  grating 
(17,000  lines  to  the  inch)  which  w^as  for  a  long  time  unequalled. 

Mr.  Rutherfurd  in  1876  gave  an  account  of  an  instrument  in 
which  the  di\nded  circle  was  of  glass.  He  showed  that  a  for 
greater  accuracy  could  be  obtained  with  his  glass  circle  thi 
with  a  metallic  one  of  the  same  diameter,  at  that  time.  This  « 
clc  was  broken  during  its  use  and  Mr,  Rutherfunl  did  not  make  a 
second  one. 

•  American  Journal  ofSaeace,  December,  1872. 
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President  Grant  in  1873  appointed  Mr.  Rutherfurd  one  of  the 
scientific  commission  to  attend  the  Vienna  Exposition,  but  he 
was  obliged  to  decline  the  honor  on  account  of  business  engage- 
ments in  America.  In  1885  he  was  named  by  the  President  of 
the  United  States  one  of  the  delegates  to  the  International  Meri- 
dian Conference  which  met  in  Washington  in  October,  1885.  He 
took  a  very  active  and  honorable  part  in  that  conference,  and 
was  able  to  bring  about  an  agreement  when  none  seemed  possi- 
ble. He  framed  and  presented  the  resolutions  which  finally  ex- 
pressed the  conclusions  of  the  conference.  The  French  Academy 
invited  him  to  become  a  member  of  the  International  Conference 
on  Astronomical  Photography  held  in  Paris  in  1887.  Our  Na- 
tional Academj'  of  Sciences  named  him  as  its  representative  to 
the  same  conference.  Unfortunately'  failing  health  compelled  him 
to  decline  these  high  and  merited  honors.  He  was  frequently  con- 
sulted by  the  United  States  and  foreign  goverment  oflScials  in  re- 
lation to  questions  of  photography  especially  referring  to  eclipses 
of  the  sun,  and  transits  of  Venus.  For  more  than  twenty- 
five  years  he  was  a  most  influential  member  of  the  Board  of 
Trustees  of  Columbia  College,  taking  active  part  in  the  forma- 
tion of  the  School  of  Mines  and  in  building  up  the  scientific  work 
of  that  institution.  He  resigned  in  1884  because  he  was  unwill- 
ing to  be  absent  from  the  monthly  meetings  of  the  Board  so 
much  of  the  time  as  his  health  compelled.  **  No  man*s  judgment 
was  clearer,  or  better  informed,  no  man's  interest  keener  in  all 
that  pertained  to  the  advancement  and  elevation  of  the  college, 
no  man  was  a  better  or  more  judicious  friend  of  the  professors 
and  no  man's  resignation  as  trustee  could,  I  believe,  have  been 
more  reluctantly  accepted.''* 

Mr.  Rutherfurd  was  one  of  the  original  members  named  in  the 
Act  of  Congress  creating  tlis  National  Academy  of  Sciences, 
For  services  rendered  the  cause  of  Astronomy  he  was  made  an 
associate  of  the  Royal  Astronomical  Society  of  London.  His 
work  was  recognized  at  home  and  abroad  by  many  other  honors 
conferred,  such  as  diplomas  (he  was  made  an  LL.  I),  at  the  cen- 
tennial celebration  of  Columbia  College  in  1887),  memberships, 
orders  and  medals ;  he  received  the  Count  Rumford  medal. 

Mr.  Rutherfurd  took  a  leading  part  in  assisting  President 
Barnard  to  form,  with  the  aid  of  the  late  Professors  Peck  and 
Trowbridge,  a  department  of  Geodesy  and  Practical  Astronomy 
at  Columbia  College  in  18S1.  When  the  Trustees  birilt  the  fine 
library  building  au  Observatory  was  placed  on  the  top  of  the 

•  Letter  of  Professor  J.  H.  Van  Amringc  to  the  writer  August  11,  1892. 


edifice,  and  accomodatioDs  were  prepared  for  eqaatorial,  trandt» 
and  other  instruments.  In  December  1883  Mr,  Rutberfurd  made 
an  unconditional  gift  to  the  Obser\'atorj'  of  his  13-inch  telescope 
with  its  photographic  correcting  lens,  his  transit  instrument. 
Dent  clocks  measuring  micrometer,  barometer  and  other  appara* 
tus.  He  was  aware  of  the  importance  to  science  of  a  complete 
reduction  of  his  measures  on  the  star  plates.  Early  in  bis  work 
Dr,  B.  A.  Gould  reduced  the  measures  made  on  the  Pleiades  and 
Pr^sepe  plates  taken  with  the  llV4-inch  glass  and  measured 
with  the  first  micrometer  machine  which  was  not  provided  with 
a  scale. 

As  the  scientific  world  is  aware  these  results  were  given  to  the 
National  Academy  of  Sciences  in  August,  1866,  and  April,  1870. 
In  these  reductions  Dr,  Gould  showed  clearh'  the  great  accuracy 
and  value  of  the  measures.  The  only  publication  made  at  the 
time  was  in  the  AstronomiscbeNachricbten  where  Dr,  Gould  gave 
the  resultant  distances  and  position  angles  from  Alcyone  for  the 
brightest  ten  stars  ol  the  Pleiades  group,  and  called  attention  lo 
their  close  accordance  with  BesseKs  earlier  values  deduced  from 
his  observations  wMth  the  Ko  nigs  berg  heliometer.  Xo  further 
publication  was  made  as  Dn  Gould  has  explained  (before  the 
National  Academy  of  Sciences  at  the  New  York  meeting  in  No- 
vember»  1891),  because  in  May,  1870,  he  departed  for  South 
America  expecting  to  be  gone  three  years  only,  whereas  his  stay 
was  prolonged  to  fifteen  ^^ears.  Moreover  as  Mr.  Rutherford  had 
in  1866  orally  explained  his  methods  to  the  National  Academy,  it 
w^as  exijectcd  that  he  would  write  out  a  full  account  of  his  work 
which  should  antedate  the  full  publication  of  the  measures  ns 
duced  by  Dr.  Gould.  This  Mr.  Rutherfurd  failed  to  do.  Poor 
health  and  a  very  strong  indisposition  to  '*  rush  into  print'*  (as 
he  expressed  it  to  mc)  prevented  him.  On  Dr,  Goald*s  rettirti  be 
had  the  original  memoirs  printed  by  the  Xati<mal  Academy  and 
thus  twenty -two  years  after  they  were  read  these  important 
communications  were  given  to  the  world.  During  the  intcrvcn 
ing  years  Mr.  Rutherfurd  endeavored,  he  told  me,  to  find  some 
one  to  take  up  the  reduction  of  the  measures,  but  seemed  unable 
to  do  so.  His  frequent  and  long  absences  from  home  prevented! 
him  from  looking  after  the  matter  properly,  and  his  sensitive" 
nature  would  not  allow  him  to  ask  anyone  to  attend  to  the 
work  for  him.  It  was  during  these  ^xars  that  I  frequently  urged 
him  to  present  to  Columbia  College  Observatory  his  negative* 
and  measures,  Imt  he  thought  he  would  prefer  to  keep  his  work 
and  arrange  the  reductions  himself.    He  was  exceedingly  mod" 
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about  his  estimate  of  his  work  on  the  star  groups,  speaking  of 
recent  improvements  that  had  been  made  and  saying  that  per- 
haps after  all  there  was  no  demand  for  the  reductions.  Finally, 
however,  he  gave  up  the  idea  of  himself  directing  the  reductions 
of  the  measures  and  was  persuaded  that  astronomers  were 
anxious  to  have  the  work  reduced.  Professor  E.  C.  Pickering's 
influence  was  weighty  at  this  time.  He  offered  to  Columbia 
College  $500  of  the  Bruce  fund  to  publish  the  reductions.  Presi- 
dent Low  laid  this  offer  before  Mr.  Rutherfurd  and  he  at  once 
replied  that  the  donation  was  generous  but  unnecessary,  and  that 
he  would  place  in  my  hands  the  matter  of  the  reductions  and 
supply  the  needed  funds. 

So  on  November  13th,  1890,  Mr.  Rutherfurd  gave  all  his  nega- 
tives of  sun,  moon  and  star  groups  to  Columbia  College.  With 
these  negatives  came  twenty  folio  volumes  of  about  two  hundred 
pages  each  containing  the  measures  of  many  of  the  plates.  This 
valuable  contribution  has  been  placed  in  a  fire  proof  vault  at  the 
College.  I  have  given  in  the  Annals  of  the  New  York  Academy  of 
Sciences  (Vol.  VI,  June,  1891,)  a  complete  list  of  these  negatives. 
This  catalogue  shows 

175  plates  of  the  Sun taken  between  1860-74 

17-i       Solar  Spectrum "  '*        1860-74 

435        "     *'    '*    Moon "  "        1858-77 

664       "     "    "    Star  groups '*  '*        1858-77 

Some  of  the  principal  star  plates  ma^-  be  mentioned : 

33  plates  of  44  Bootis taken  l>etween  1868-75 

12  ••  **   B   A.  C.  8083 **  *'  1873-74 

27  ••  "  //Cassiopea? '*  *'  1870-73 

oH  **  "  //           *»         "  *'  1868-73 

15  •'  *'  fiCvgni *•  ••  1875-76 

24  *'  "  21      "     "  *'  1875-76 

22  **  •'   61      **     •'  "  1871-76 

19  *•  •*   7        *•     "  •*  1875-76 

27  "  *•   Perseus  Clusters *•  *'  1865-74 

54.  M  .«   Pleiades "  *•  1865-74 

23  '•  "   Pra?sepe "  "  1865-77 

23  *'  ••   1830Groombridge "  "  1872-77 

Many  of  the  plates  are  still  unmeasured. 

When  the  collection  was  turned  over  to  my  care  it  was  ar- 
ranged to  push  forward  the  reductions  as  rapidly  as  possible. 
Mr.  Jacoby  of  the  College  01)servatorA^  entered  on  the  work  at 
once  and  the  results  are  shown  in  the  first  publication  **The 
Rutherfurd  Photographic  Measures  of  the  Group  of  the  Pleiades." 
The  measures  reduced  in  this  paper  were  made  with  the  micro- 
meter machine  supplied  with  the  glass  scale,  on  plates  taken  with 
the  13-inch  glass. 


These  reductions  show  conclusively  that  the  results  of  Ruther* 
furd's  measures  of  the  Pleiades  group  must  hereafter  be  taken  itiio 
account  with  the  Bessel  and  Elkin  heliometer  measures,  for  a 
study  of  proper  motions  and  to  form  a  definitive  catalogue  of  ihe 
Pleiades.  In  a  recent  review  of  Mr.  Jacoby*s  reductions  Dr.  Elkin 
states  •  that  he  shortty  proposes  to  make  a  revision  of 
the  Yale  Pleiades  work  and  when  that  is  done  *'thc  accura- 
c\''  of  the  photographic  results  will  be  still  more  apparent/' 
These  results  show  with  what  ability  and  thoughtful  care  for 
every  detail  of  measurement  Mr.  Rutherfurd  directed  the  work  of 
photography  and  of  measurement ;  they  also  show  that  he  was 
correct  in  his  judgment  when  he  stated  **  that  the  photographic 
method  is  at  least  equal  in  accuracy  to  that  of  the  heliometer  or 
filar  micrometer,  and  far  more  convenient.'*  When  Mr.  Ruther- 
furd was  on  his  deathbed  a  bound  cop^^  of  these  reductions  was 
placed  in  his  hands  He  was  able  to  show  his  pleasure  and  great 
gratification  only  by  the  expression  of  his  face.  In  the  previous 
fall,  however,  he  had  seen  most  of  the  finished  manuscript 

Mr.  Jacob}^  has  completed  his  reductions  of  the  measures  of 
the  **  Stars  about  ft  Cygni/*  and  the  publication  will  be  sent  out 
very  soon.  Other  measures  will  be  reduced  as  rapidly  as  possi* 
ble.  Rutherfurd  Stuyvesant»  Esq,,  has  taken  great  interest  in 
putting  his  fether's  work  into  available  shape,  and  through  Mr. 
Stuyvesant^s  aid  the  Columbia  College  Observatory  hopes  to 
place  before  the  world  the  reductions  of  all  the  star  measures. 
It  may  thereafter  be  desirable  to  measure  the  plates  now  un- 
measured and  to  proceed  to  their  reduction. 

Dr.  Gould,  in  an  appreciative  notice  of  Mr.  Rutherfurd,  has 
written : 

**Mr.  Rutherfurd  was  of  an  exceptionally  amiable  and  gener- 
ous disposition^  helpful  to  others  and  tolerant  of  their  feelings. 
His  intellectual  diffidence  and  almost  shrinking  modesty  were  as 
notable  as  were  his  boldness  of  invention,  ingenuity  of  device 
and  persistence  in  following  up  his  ideas^  under  tr>'ing  cinrum- 
stances.  The  moral  effect  of  his  example  among  his  co-workens, 
was  cjuite  as  beneficent  as  the  scientific  stimulus  exerted  by  the 
results  he  obtained  and  partially  published.  To  these  qualities 
he  added  a  calm  and  unprejudiced  judgment,  an  admirable  powder 
of  statement,  and  every  instinct  of  a  gentlemen,**! 

A  friend  of  Mr.  Rutherfurd  of  thirty  yeai's*  standing  tells  us  to 
the  Photographic  Times  that  '*  The  rigor  of  our  northern  wioter» 

•  Pablicatioas  of  the  AstronornicMl  Society  oftbePacihc^  Vol.  IV,  Ko.  24,      

t  -4slroi70inica/Jo«rjaa7,  June.  1892. 
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led  him  to  spend  the  colder  parts  of  the  last  twenty  years  in 
more  southern  latitudes :  sometimes  in  the  south  of  France  but 
more  recently  amid  the  orange  groves  and  tropical  surroundings 
of  Florida.  While  on  his  journey  south  in  the  autumn  of  last 
year,  he  contracted  a  severe  cold,  through  some  defect  or  over- 
sight in  the  heating  apparatus  of  his  sleeping  car,  and  he  never 
fally  recovered  from  its  eflfects.  While  prostrated  and  weakened 
by  this  attack,  the  sudden  death  of  a  daughter  in  his  northern 
home,  produced  a  depression  of  vitality",  which  was  lasting.  In 
the  early  spring  he  returned  to  New  York  with  his  oldest  son, 
who  had  passed  the  winter  with  him,  and  at  whose  residence  he 
remained  a  few  days.  Not  recovering  his  strength  and  seeming 
to  realize  that  the  end  was  near,  he  expressed  a  desire  to  reach 
his  country  home ;  the  old  homestead  which  he  and  his  ancestors 
had  occupied  more  than  150  years.  Soon  after  reaching  *  Tran- 
quillity,' a  home  most  appropriately  named,  the  symptoms  of 
failing  strength  became  more  marked,  until  a  blood  clot  formed 
on  the  brain,  which,  although  it  rendered  him  speechless  during 
the  last  few  days,  yet  did  not  destroy  consciousness,  until  the 
end,  which  came  peacefully  and  without  apparent  pain"  on  May 
30th,  1892. 
Columbia  College  Observatory,  August  25th,  1892. 


DISCOVERY  OF  COMET  BROOKS   1892. 

WILUIAM  R.  BROOKS. 

While  engaged  in  searching  the  eastern  heavens  on  the  morning 
of  August  28th,  at  13  hours,  I  discovered  a  new  comet,  in  the 
constellation  Auriga. 

The  approximate  position  was  R.  A.  5  hours,  59  minutes, 
declination  north  31'^  52'.  Motion  was  very  soon  detected, 
which  was  easterly.  The  comet  was  so  near  the  path  of  Den- 
ning's  comet,  the  ephemeris  of  which  I  did  not  have  for  a  later 
date  than  August  5,  that  at  first  a  little  uncertainty  was  felt 
about  its  identity.  Rut  it  was  soon  ascertained  that  Denning's 
comet  passed  the  place  of  my  new  object  a  month  before,  and 
was  reall}"  several  degrees  distant.  Moreover,  my  comet  was 
much  the  brighter  of  the  two. 

A  second  observation  was  obtained  the  next  morning  as  fol- 
lows: Aug.  29th.  14  hours,  R.  A.  G"  2"'  +  31'  48'.  This  gave  a 
dailv  motion  of  east  3  minutes  south  4'. 

Tfiis  morning  the  following  place  was  read  from  the  circles: 
Sept.  2d,  15  hours  R.  A.  6»»  11'"  50^  -I-  31^  26'. 

The  comet  is  an  easy  object  in  the  10-inch  refractor,  and  a 
short  faint  tail  is  perceptible. 

Smith  Observatory,  Geneva,  N.  Y.,  Sept.  3,  1892. 
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brighter  with  the  12-inch  than  with  the  36-inch,  vet  it  could  not 
be  observed  neariy  so  well,  on  account  of  the  smaller  scale. 

April  ISd  16**.  The  first  and  third  bands  were  not  sharply  ter- 
minated,  and  there  was  insufficient  time  to  measure  their  wave- 
lengths. The  wave-length  of  the  bright  line  which  terminated 
the  middle  band,  with  slit  width  0.003  inch  was 

5163.1  ±  0.4. 
April  19c/  16*^    The  intensity  curve  appeared  to  be  the  same  as 
on  April  18,  and  the  wave-length  of  the  bright  line,  with  slit 
width  0.003,  was 

5165.3  :t  0.2. 
April  26c/  16*».    The  bright  line  had  disappeared.    The  wave- 
length of  the  less  refrangible  edge  of  the  middle  band,  with  slit 
width  0.003  inch,  was 

5156.7  ±  0.4. 
May  Sd  15''.    Only  two    measures    were   obtained   before  it 
clouded  over.    The  wave-length  obtained  with  slit  0.003  inch 
was 

5156.7. 
May  lod  14''.    Only  one  measure  obtained  when  further  ob- 
servations were  prevented  by  dense  fog  on  the  object-glass.    The 
resulting  wave-length  with  slit  0.004  inch  wide,  was 

5157.3. 
May  16c/  15*'.    The  wave-lengths  of  the  edges  of  the  bands 
were 

5603  it  2.7  5157.7  :t  0.3  4733  ±  1.8. 

The  wave-lengths  of  the  most  intense  parts  of  the  bands  were 

5552,     5107,    4697. 
The  slit  width  was  0.003  inch. 

May  29c/  14".  The  wave-length  of  the  edge  of  the  middle 
band,  with  slit  width  0.003  inch,  was 

5154.5  :t  0.2. 
June  13c/  13".    The  s|>ectnim  was  rendered  excessively  faint  by 
fog  on  the  object-glass  and  the  observation  is  entitled  to  small 
weight.    The  wave-length  of  the  middle  band,  with  slit  0.005 
inch  wide,  was 

5149.3  it  1.4 
These  fairly  accurate  measures  and  the  accompanying  intensity 
curves  make  it  certain  that  important  changes  occurred  at  the 
less  refrangible  edge  of  the  middle  band.  Probably  three  bright 
lines  were  formed  at  5170,  5164  and  5157,  and  disapi>eared  in 
that  order;  so  that  the  wave-length  of  the  edge  diminished  as 
the  comet's  distance  from  the  Sun  increased.    Those  at  5164  and 
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5157  were  certainly  not  identical;  and  it  is  improbable  that 
those  at  5170  and  5164  were  identical,  though  the  former  was 
observed  on  only  one  night.* 

By  arranging  the  published  observations  of  other  comet  spec- 
tra in  the  order  of  their  dates  and  with  reference  to  the  times  of 
perihelion  passage,  I  had  hoped  to  detect  evidences  of  similar 
changes.  But  the  large  probable  errors  of  many  of  the  observed 
wave-lengths,  the  great  differences  between  the  results  obtained 
by  different  observers,  on  the  same  night,  and  the  entire  absence 
of  intensity  curves,  made  it  impossible  to  secure  such  evidence. 
In  many  cases  the  published  wave-length  depends  upon  observa- 
tions made  on  several  evenings.  If  it  is  granted  that  the  spec- 
trum undergoes  change,  it  is  evident  that  the  results  obtained  at 
different  times  should  not  in  general  be  combined,  and  that  an 
accurate  intensity  curve  is  practically  as  valuable  as  an  accurate 
measure. 


ON   THE  SPECTRA  AND   PROPER   MOTIONS  OF  STARS.! 


W.  H.  S.  MONCK. 

I  have  more  than  once  called  the  attention  of  the  readers  ot 
Astronomy  and  Astro-Physics  to  the  greater  average  proper 
motions  of  Solar  stars  than  those  of  the  Sirian  type,  and  I  in- 
timated my  own  opinion  that  this  difference  arose  from  the 
greater  nearness  of  the  Solar  stars.  Solar  stars,  in  my  opinion, 
in  consequence  of  their  small  relative  brightness  (or  intrinsic  bril- 
liancy) become  invisible  at  distances  where  th^e  corresponding 
Sirian  stars,  though  not  perhaps  of  greater  mass,  can  be  clearly 
detected.  It  was,  however,  possible  that  the  greater  proper  mo- 
tions of  the  Solar  stars  arose  from  their  moving  through  space 
with  greater  velocity,  and  it  therefore  became  important  to  as- 
certain as  far  as  possible  whether  the  spectroscope  revealed  any 
difference  in  their  actual  velocities.  We  have  now  a  table  of  the 
spectroscopic  velocities  of  51  stars  determined  by  Yogel  which 
may  be  relied  on  as  fairl^*^  accurate.  The  following  is  the  result 
distinguishing  Sirian  from  Solar  stars  : 

*  By  comparing  the  observed  wave-lengths  in  the  vicjnity  of  =  A.  5156  with  the 
corresponding  intensity  curves,  it  will  l>e  seen  that  the  results  arc  greater  or  less 
according  as  the  edges  are  more  or  less  sharply  defined. 

t  Communicated  bv  the  author. 


W.  H.  S.  Monck, 
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Sirian  Stars.         Type.    Velocity. 


Solar  Stars. 


a  Andromeds A 

/?  Pcrsci A 

X  Ononis B 

fi  Tawri A 

S  Ononis B 

B  Ononis A 

C  Ononis A 

fi  Auri^se A 

y  Gcminoruni A 

Sinus A  ? 

Castor A 

Regulus A 

ft  Ursae  Majoris A 

^  Leonis A 

fi  Leonis A 

y  Ursse  Majoris A 

£  Ursa:  Majoris A 

Spica A 

C  Ursse  Majoris A 

Tf  Ursa  Majoris A 

ft  Librtt A 

a  Corons  Borealis A 

(t  Ophiuchi A 

Vega A 

Altair A 

a  Cyf^^ni A 

ex  Pegasi A 


miles  per 
second. 


Type.    Velocity. 


+ 
+ 


2.8 
1.0 
5.7 
5.0 
0.6 
+  16.5 
+    9.3 

—  17.5 

—  10.3 

—  9.8 

—  18.4 

—  5.7 

—  18.2 

—  8.9 

—  7.6 

—  16.5 

—  18.8 

—  9.2 

—  19.4 
-16.3 

—  6.0 
-1-19.9 
-1-11.9 

—  9.5 

—  22.9 

—  5.0 
+    O.K 


P  Cassiopeise P 

a  Cassiopeia K 

ft  Andromeds K  ? 

Polaris F? 

y  Androraedse K 

a  Arietis K 

a  Persei F 

Aldebaran K 

Capella F 

Rigel F 

Procvon F 

Pollux K  ? 

y  Leonis K 

a  Ursae  Majoris K 

Arcturus K 

£  Bootis G  ? 

a  Scrpentis K  ? 

ft  Hcrculis K 

€  Pegasi K 

ft  Ursae  Minoris L  ? 


niles  p^ 
Becon«' 

+ 

3.2 

9.5 

-f 

7.0 

16.1 

— 

8.0 

— 

9.2 



6.4 

+  30.2 

+  15.2 

-10.2 

-- 

5.7 

+ 

0.7 

24.0 

— 

7.2 

— 

4.8 



10.1 

+  14.0 

— 

22.0 

+ 

5.0 

+ 

8.9 

Disregarding  signs  and  taking  the  arithmetical  mean,  the 
average  velocity  of  the  Sirian  stars  is  10.8  miles  per  second  and 
of  the  Solar  stars  10.9  miles  per  second.  Vogel  gives  the  average 
(including  four  stars  with  other  sf)ectra)  as  10.4  miles  per 
second. 

Admitting  that  this  result  is  not  conclusive,  I  think,  when  taken 
in  conjunction  with  the  greater  surface-brightness  (this  term  is 
preferable  to  mass-brightness)  of  the  Sirian  binary  stars  w^hose 
orbits  have  been  computed,  we  have  strong  reasons  for  conclud- 
ing that  Sirian  stars  are  on  the  average  much  more  distant  than 
Solar  stars  of  the  same  magnitude,  and  that  the  reason  why  Sir- 
ian stars  appear  to  be  more  numerous  than  the  Solars  is  that 
they  are  visible  at  distances  where  the  corresponding  Solars  are 
invisible  with  the  same  instruments.  This  conclusion  may 
modify  our  opinions  as  to  the  structure  of  the  universe.  For  in- 
stance, the  theory  sometimes  adopted  that  the  Galaxy  consists 
chiefly  of  Sirian  stars  would  be  completely  overthrown  if  we 
suppose  that  Sirian  stars  are  on  the  average  visible  at  double  the 
distance  of  Solar  stars. 

If  the  stars  were  motionless  the  average  velocity  of  10  miles 
per  second  would  mean  that  this  was  the  average  velocity  with 
which  the  Sun  approached  or  receded  from  a  point  in  the  sky 


taken  at  random,  and  although  the  stars  are  no  doubt  moving, 
the  result  may,  in  this  respect,  prove  not  far  from  the  truth.  Re- 
ferring the  Sun's  motion  in  space  to  three  axes  of  co-ordinates  at 
right  angles  tu  each  other,  we  see  that  to  give  an  average  velocitv 
of  10  miles  i>er  second  to  or  from  a  given  point,  the  velocity  of 
the  Sun*s  motion  in  space  must  be  V^  X  10  miles  per  second  or 
between  17  and  18  miles  lier  second.  An  examination  of  Cata- 
logues of  Proper  Motion  has  led  me  to  think  that  the  Sun  moves 
with  at  least  thisaverage  velocity',  and  that  consequently  its  speed 
is  not  Hkelv  to  be  less  than  18  miles  per  second.  If  we  knew  the 
exact  direction  of  its  motion  the  corrected  results  of  VogePs  o^j- 
servations  would  be  very  interesting.  At  present  there  is  rather 
too  much  uncertainty'  for  this. 


THE  PHOTO-ELECTRIC  CELLS.' 


G,  M.  MINCHLV. 

The  cells  which  are  employed  for  obtaining  electromotive  force 
from  the  liglit  of  the  stars  and  planets  are  known  as  seleno-alum* 
inium  cells.  They  are  constructed  in  the  following  way/  Take 
a  small  flat  strip  of  aluminium  about  a  quarter  of  an  inch  long 
and  one-sijcteenth  of  an  inch  broad;  let  this  be  heated  on  a  clean 
iron  plate  placed  over  a  Bunsen  flame,  and  while  it  is  hot  let  a 
very  small  bubble  of  melted  selenium  be  rapidly  and  uniformly 
spread  by  means  of  a  hot  glass  rod  over  about  one-third  of  the 
length  of  the  aluminium  strip,  the  selenium  forming  a  very  thin 
layer.  When  this  layer  is  spread,  the  little  plate  must  be  rapidly 
removed  from  the  hot  iron  plate  and  thus  cooled,  while  the  Bun- 
sen  flame  is,  at  the  same  time,  removed  from  under  the  iron 
plate.  The  latter  plate  having  become  cooler,  replace  the  alumin* 
ium  strip  on  it,  and  then  gradually  heat  up  the  iron  plate  from 
beneath  by  means  of  the  Bimsen  flame.  As  a  result  of  this  grad- 
ual heating,  the  aspect  of  the  selenium  layer  on  the  aluminium 
changes;  this  la^^er  changes  from  black  to  grey  in  appearance, 
and  in  the  latter  state  it  is  sensitive  to  light.  But  to  give  the 
layer  its  maximum  sensitiveness,  several  re-meltings  may  be  nee* 
essary,  until  a  grey  surface  of  a  somewhat  brownish  tinge,  quite 
devoid  of  glossy  streaks,  is  produced.  Nothing  but  an  actual 
sight  of  the  process  of  making  a  sensitive  plate  can  give  the 
reader  a  correct  notion  of  the  proper  kind  of  surface.  Assuming 
•  ComiDunicated  bj  the  author.  t 
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this  surface  produced  by  the  gradual  process  of  heating  above 
referred  to,  the  Bunsen  flame  is  removed,  and  the  seleno-alumin- 
ium  plate  is  allowed  to  cool  on  the  iron  plate.  When  it  has 
cooled  (after  about  ten  minutes)  it  is  taken  and  joined  to  a  very 
fine  platinum  wire  which  is  inserted  through  a  fine  hole  pre- 
viously bored  through  the  uncoated  portion  of  the  aluminium 
plate :  this  platinum  wire  is  tightly  pinched  to  the  plate  so  as  to 
make  a  good  electrical  contact. 

So  far  for  the  sensitive  plate.  The  cell  into  which  it  is  to  be  in- 
serted is  a  very  fine  glass  tube  about  IV^  inches  long,  into  which 
a  platinum  wire  pinched  to  a  clean  plate  of  aluminium  has  been 
sealed:  the  size  of  this  latter  plate  is  immaterial—it  may  be  a 
mere  speck  of  the  metal  at  the  end  of  the  platinum  wire ;  it  is  the 
inactive  plate  of  the  cell.  Into  this  glass  tube,  thus  closed  at  one 
end,  is  inserted  (by  means  of  a  pipette  with  a  capillary  stem)  a 
quantity  of  pure  acetone  sufiicient  to  occupy  about  one-quarter 
of  the  length  of  the  tube;  and  then  the  sensitive  plate  is  inserted 
until  its  sensitive  extremity  is  very  nearly  in  contact  with  the  in- 
active plate,  the  whole  of  the  sensitised  part  of  the  plate  being 
covered  by  the  acetone. 

The  platinum  wire  of  the  sensitive  plate  which  now  projects 
through  the  open  end  of  the  cell  must  be  sealed  into  the  tube,  the 
end  of  the  tube  being,  of  course,  completely  closed  by  the  sealing. 
Much  practice  is  here  necessary  to  prevent  the  vapor  of  the  ace- 
tone from  bursting  the  heated  end  of  the  tube;  but  the  process 
becomes  easy  enough  with  practice. 

The  cell  is  now  made,  and  if  its  poles  are  connected  with  those 
of  an  electrometer,  and  light  is  allowed  to  fall  on  the  sensitive 
plate,  an  electromotive  force  will  be  indicated. 

Shortly  after  the  cell  has  been  made,  it  is  wonderfully  quick  in 
its  response  to  changes  of  the  incident  light — almost  instantan- 
eous, in  fact ;  but  after  about  24  hours,  it  becomes  slower  in  its 
response.  The  cause  of  this  is  not  yet  quite  known ;  but  it  has 
been  found  that  a  constant  regime  can  be  produced  and  kept  up 
for  months  by — 

(a)  using  perfectly  pure  acetone, 

(b)  using  perfectly  pure  selenium, 

(c)  turning  the  cell  upside  down  when  it  is  not  required  for  use, 
and  thoroughly  shaking  the  liquid  away  from  the  plates. 

The  complete  and  permanent  elimination  of  sluggishness  from 
the  cell  is  under  consideration  at  present. 

As  regards  the  magnitude  of  the  electromotive  forces  produced, 
it  may  be  said  that  ordinary  diffused  daylight  falling  on  the  sen- 


sitive  plate  will  give  an  E.  M.  F*  of  about  %  volt,  wBich  is  i 
prisinglv  great.    A  candle  at  a  distance  of  7  feet  will  give  about 
t'n  volt/ 

Light  of  an  refrangibiltties  from  red  to  violet  is  effective— an(3 
this  fact  distinguishes  this  cell  from  ever}'  other  known  photo- 
electric cell — the  maximum  effect  being  produced   by  the  yellowy 
rays;   but  there  is  not  ven-  much   difference  between  the  cffectj| 
of  the  various  parts  of  the  spectrum. 

By  putting  a  number  of  these  cells  in  series,  the  eiicct  is  niulti- 
pHed  by  the  number  employed;  thus  10  cells  in  series  will  give 
10  times  the  E,  M.  F.  of  one  celL 

Hence  for  stellar  observations  the  cells  should  lie  made  as  small  j 
as  possible*  and  cells  much  smaller  than  the  topical  one  abov< 
described  have  been  made. 

Does  anything  depend  on  the  size  of  the  sensitive  plate?  it 
would  appear  that  nothing  depends  on  the  size,  and  that  there- 
fore  a  mere  pin  point  of  sensitive  surface  is  as  effective  as  a 
square  centimetre.  Perhaps  this  is  so;  but  it  has  been  found 
that  the  maximum  E.  M.  F,  is  never  given  when  the  sensitive  sur* 
face  is  as  small  as  a  large  pin  head.  For  stellar  observations  this 
is  most  unfortunate;  but  it  is  highly  probable  that  the  result  is 
due  to  the  large  size  and  capacity  of  the  electrometers  at  present 
at  our  disposal.  There  is  good  reason  to  think  that,  with  an  ex- 
tremely small  electrometer,  the  pin-head  plates  will  give  as  good 
restdts  as  the  larger  ones.  Certainly  with  a  common  quadrant 
electrometer  a  sensitive  surface  6  millimetres  long  and  2  mile- 
metres  wide  gives  as  good  a  result  as  a  surface  10  times  as 
large.  For  the  light  of  the  Moon  there  is  no  difficulty  in  making 
batteries  of  photo-cells  containing  10  or  20  cells. 

With  Mr  Monck's  refracting  telescope,  the  image  of  Mars 
would  take,  perhaps,  three  cells,  and  an  unmistakable  E.  M  F. 
should  be  produced.  Jupiter  w^ould  take  more;  but  it  would  be 
difficult  to  cover  completely  the  sensitive  surfaces  of  two  cell* 
with  the  light  of  Vega.  (The  whole  of  the  sensitive  surface  of 
every  kind  of  photo-cell  must  be  covered  by  the  incident  light  to 
obtain  the  flill  effect). 

The  l^est  existing  form  of  electrometer  is  Clifton's  form  of 
Thomson's  Quadrant.  Some  vcry^  slight  improvements  in  this 
instrument  would  render  it  fairly  fit  for  photo-electric  observa- 
tions in  an  Observator\\  When  working  well  (well  insulated, 
and  preserved  from  draughts  of  air)  it  will  give  about  200  half 
millimeters  deflection  on  a  scale  distant  1  metre  from  the  mirror 
for  1  volt.    Hence  a  candle  at  7  feet  from  one  photo-cell  has  been 
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found  to  give  about  7  divisions  deflection.  Thus  it  is  very  easy 
to  get  results  from  moonlight ;  and,  with  a  clear  sky  and  the  ab- 
sence of  air  currents,  the  light  of  a  planet  should  be  easily  meas- 
urable. 

For  a  given  source  of  light,  the  E.  M.  F.  developed  in  a  photo- 
cell varies  inversely  as  the  distance  of  the  light  from  the  cell. 

Instead  of  an  electrometer,  a  high  resistance  reflecting  galvan- 
ometer could  be  used  with  photo-cells ;  but  the  former  instrument 
is  far  preferable,  because  it  is  not  advisable,  to  allow  currents  to 
circulate  in  the  cell.  A  galvanometer  and  a  condenser  (the  latter 
charged  by  the  cell  while  light  falls  on  it,  and  then  suddenly  dis- 
charged through  the  galvanometer)  give  enormous  deflections 
with  moonlight ;  but  this  method  is  objectionable. 

So  far  as  is  known  at  present,  these  cells  will  stand  any 
amount  of  exposure  to  light  without  deterioration—provided 
that  they  are  always  employed  with  an  electrometer,  /.  e.,  open- 
circuited. 

Mr.  Monck  and  Professor  Dixon  have,  I  believe,  succeeded  in 
obtaining  results  from  the  light  of  Mars  under  most  unfavorable 
atmospheric  conditions.  I  remained  in  Dublin  for  a  week  in  the 
beginning  of  August  to  try  the  cells  with  the  stars ;  but  during 
this  time  not  a  single  opportunity  occurred,  the  sky  being  heavily 
clouded  every  night. 

When  a  photo-battery  has  been  used  with  a  strong  light,  such 
as  that  of  the  Moon,  the  deflection  on  the  electrometer  scale  takes 
some  time  to  disappear  when  the  light  has  been  shut  off".  This 
deflection  can,  however,  be  very  quickly  got  rid  of  without  in- 
jury to  the  battery  by  an  instantaneous  connection  of  the  bat- 
tery with  a  Daniell  cell  whose  zinc  pole  is  for  the  moment  con- 
nected with  the  sensitive  pole  of  the  battery,  the  copper  being 
connected  with  the  insensitive  pole  and  with  earth. 

Royal  Engineering  College, 
Cooper's  Hill,  England. 


ON    THE  SPECTRUM  OF  LIQUID  OXYGEN,  AND  ON  THE  REFRAC- 
TIVE INDICES  OF  LIQUID  OXYGEN,  NITROUS 
OXIDE,  AND  ETHYLENE.* 


PROFESSORS  LIVBING  and  DEVVAR. 


In  September,  1888,  were  described  in  this  MagazineJ(p.  286) 
the  absorption-spectrum  of  oxygen  gas  in  various  states  of  com- 

•  From  the  Philosophical  Magazine  for  August,  1892. 


pression.  At  lower  pressures  the  absorptions  known  in  the  solar 
spectrum  as  A  and  B  were  most  conspicuous,  and  as  the  pressure 
increased  the  other  bands  described  by  Janssen  came  out  with 
increasing  intensity.  The  former  appear  to  be  due  to  the  moie- 
cules  of  oxygen »  and  increase  in  intensity  directly  with  the  mass 
of  the  oxygen  producing  them;  while  the  latter  appear  to  arific 
from  the  mutual  action  of  the  molecules  on  one  another,  since 
their  intensity  is  dependent  on  the  density  as  well  as  the  mass  of 
the  oxygen  producing  them. 

With  the  small  dispersion  employed  in  these  observations  the 
absorptions  A  and  B  were  not  resolved  into  lines  as  in  the  solar 
spectrum,  but  they  had  otherwise  the  same  general  characters: 
A  consisted  of  two  bands,  and  both  A  and  B  were  sharply  de- 
fined on  the  more  refrangible  edge  and  gradually  faded  out  on 
the  less  refi'angible  side.  Considering  how  much  more  diffuse  the 
lines  forming  these  groups  in  the  solar  spectrum  become  as  the 
Sun  gets  nearer  the  horizon  (see  McClean's  photographs),  it  is 
probable  that»  under  the  circumstances  of  our  experiments,  they 
would  not  have  been  resolvable  into  lines  even  with  higher  dis- 
persion, 

Subsequently,  in  a  pa|>er  read  at  the  Royal  Society*  {Proc.  Ror. 
Soc,  vol.  XLVI,  p,  222),  we  described  our  observations  on  the 
absorption  of  a  thickness  of  12  millim*  of  liquid  oxygen.  We 
noticed »  as  Olsxewi^ki  had  done,  the  strongest  three  of  the  difTusc 
bands  seen  in  the  spectrum  of  the  compressed  gas,  but  could  not 
detect  A.  The  mass  of  oxygen  in  12  millira.  of  the  liquid  was  not 
enough  to  make  A  visible. 

We  have  since  made  observations  with  larger  quantities  of 
liquid  oxygen.  For  this  purpose  we  have  used  a  glass  tube  of  the 
form  shown  at  a  tn  the  annexed  figure,  about  }  inch  in  diameter 
and  3  inches  in  length.  This  tube  had  the  ends  blown  as  flat  and 
clear  as  possible,  and  it  was  enclosed  in  a  box  with  glass  sides 
b  c  d^  and  the  air  in  the  box  well  dried,  in  order  to  prevent  the 
deposition  of  hoar-fi"ost  on  the  tube.  The  liquid  oxygen  was 
poured  into  the  tulje  at  the  pressure  of  the  atmosphere,  and  at 
first,  of  course,  boiled  violently,  until  the  tube  was  reduced  to  the 
temperature  of  boiling  oxygen,  —181°,  after  which  the  liquid 
boiled  slowly  and  quietly.  Through  the  length  of  the  tube  (that 
is,  a  thickness  of  about  3  inches  of  liquid  oxygen)  we  viewed  the 
hot  pole  of  an  electric  arc  with  a  spectroscope  having  two  calcite 
prisms  of  30^  and  one  of  GC^.  As  reference-rays  we  used  the  red 
potassium4ines,  of  which  the  positions  with  reference  to  A  and  B 
were  well  determined  by  KirchhofT,  and  confirmed  by  our  own 
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observations.    These  lines  were  easily  obtained  by  dropping  a 
little  of  a  potassium  salt  into  the  arc. 

The  diffuse  bands  previously  seen  both  in  the  gas  and  liquid 
were  all  of  exceptional  strength,  but  we  did  not  notice  any  ad- 
dition to  their  number  except  a  faint  band  just  above  G.  In 
place  of  A  we  observed  a  band,  but  diffierent  from  A  in  the  follow- 
ing remarkable  particulars.  Instead  of  having  a  sharp  edge  on 
the  more  refrangible  side  and  fading  gradually  towards  the  less 
refrangible  side,  its  position  appeared  to  be  reversed;  the  sharp 
edge  was  on  the  less  refrangible  side,  and  it  faded  away  grad- 
ually  on  the  more  refrangible  side.  Moreover  its  sharp,  less  re- 
frangible edge  did  not  coincide  with 
the  sharp  edge  of  A,  but  reached 
very  nearly  to  the  more  refrangible 
of  the  two  potassium-lines,  that  is, 
had  a  wave-length  of  nearly  7660. 
At  the  same  time  the  band  extended 
beyond  the  sharp  edge  of  A  on  the 
more  refrangible  side.  There  was 
no  indication  that  it  was  resolv- 
able into  lines,  or  even  into  two 
bands.  Turning  to  the  place  of  B  in  the  spectrum  we  were  not 
able,  with  that  thickness  of  oxygen,  to  detect  any  band  in  that 
place.  Olszewski  (Wied.  Ann.  XLII,  p.  663),  with  a  thickness  of 
30  millim.  of  liquid  oxygen,  observed  a  somewhat  faint  band  cor- 
responding to  A,  which  with  a  Rutherford  prism  was  not  resolv- 
able into  lines,  but  he  has  not  noticed  the  reversed  position  of 
the  band. 

Using  a  similar  tube  for  the  liquid  oxygen,  but  six  inches  long, 
the  band  at  A  came  out  ver^'  much  stronger  and  extended  much 
further  on  the  more  refrangible  diffuse  side,  but  was  not  conspicu- 
ously expanded  on  the  other  side,  and  did  not  hide  the  potassium- 
line.  At  the  same  time  a  fainter  band  appeared  at  the  place  of  B. 
This  had  precisely  the  same  character  as  that  of  A ;  that  is,  it 
had  its  sharp  edge  on  the  less  refrangible  side  and  faded  gradu- 
ally on  the  more  refrangible  side.  Its  sharp  edge  also  did  not  co- 
incide with  the  sharp  edge  of  B,  but  reached  nearly  to  the  red 
potassium-line  A  6913.  By  estimation,  using  the  potassium- 
lines  for  comparison,  we  put  the  wave-length  of  the  less  refrangi- 
ble edge  at  about  A  6905,  while  its  diffuse  side  was  visible  to 
about  A  6870,  that  is,  barelv  to  the  place  of  the  strong  edge  of 
B. 
It  is  plain  that  these  two  bands  are  related  to  each  other  in  the 


same  way  as  the  solar  groups  A  and  B  are  related,  and  wc  can- 
not  avoid  the  conclusion  that  they  represent  A  and  B,  but  modi- 
fied by  the  change  of  the  absorbent  from  the  gaseous  to  the 
liquid  state. 

If,  as  there  is  good  reason  to  think,  A  and  B  are  the  absorp* 
tions  of  free  moleciiles  of  ox\*gen.  the  persistence  of  these  absorp- 
tions in  the  liquid  seems  to  show  that  the  molecules  in  the  liquid 
are  the  same  as  in  tfce  gas.  At  the  same  time  the  changes  they 
undergo  ought  to  throw  some  light  on  the  nature  of  the  change 
in  passing  from  the  gaseous  to  the  liquid  state,  as  well  as  on  the 
causes  which  produce  the  sequences  of  rays  which  are  called 
channelled  spectra. 

We  have  noticed,  as  Olszew^ski  also  has  noticed,  that  liquid 
oxygen  is  distinctly  bhie.  This  is,  of  course,  directly  connected 
with  its  strong  absorptions  in  the  orange  and  yellow.  On  look- 
ing at  a  mass  of  liquid  oxygen  through  a  direct-vision  spectro- 
scope in  nuy  direction  the  scf^ttered  light  shows  the  strong  bands 
plainly.  Indeed  they  remain,  visible  when  the  oxygen  has  evap- 
orated to  the  last  drop,  and  they  increase  in  intensity  as  tlu 
liquid  is  cooled,  so  that  when  the  pressure  on  the  liquid  is  re- 
duced and  the  oxygen  cooled  by  its  own  evaporation  to  — 20(r 
thev  become  exceedingly  black.  Olszewski  states  that  this  blue 
color  is  not,  so  far  as  he  could  make  out,  due  to  ozone,  and  we 
are  of  the  same  opinion.  Ozone  dissolves  easily  in  liquid  oxygen 
and  imparts  to  it  an  indigo-blue  color.  Such  a  solution  when 
poured  into  a  saucer  of  rock-salt  assumes  the  spheroidal  state, 
and  as  the  oxygen  evaporates  becomes  more  concentrated,  and 
finally  explodes  with  considerable  violence.  In  the  dilute  solu- 
tion we  could  not  detect  any  absorptions  due  to  the  ozone.  Wc 
attempted  to  obtain  a  larger  quantity  of  liquid  ozone,  or  of  a 
concentrated  solution,  for  the  observation  of  its  spectrum.  Ox 
ygen  ozonized  in  a  tube  cooled  by  solid  carbonic  acid  gave  smalli 
beautiful  cobalt-blue  drops  of  liquid,  but  when  a  few  of  these 
drops  collected  together  in  a  tube  immersed  in  liquid  oxygen  to 
cool  it  to  —  181'-,  they  exploded  and  blew  the  whole  apparatus  t< 
pieces,  comminuting  the  tube  to  fine  powder.  This  instability  o\ 
ozone,  equally  at  xery  low^  and  at  high  temperatures,  is  a  signifi- 
cant fact  in  regard  to  the  form  of  chemical  energy.  It  seems 
probable  that  it  is  connected  with  the  great  absorbent  pow*er  of 
ozone.  The  radiant  energy  absorbed  must  give  rise  to  molecular 
movements  which  may,  %ve  conceive,  set  up  disintegration. 

The  determination  of  the  refractive  index  of  liquid  oxygen,  at 
its  boiling  point  of  —  182*^  C,  presented  more  difficulty  than 
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would  have  been  anticipated.  The  necessity  for  enclosing  the 
vessel  containing  the  liquid  in  an  outer  case  to  prevent  the  de- 
posit of  a  layer  of  hoar-frost  which  would  scatter  all  the  rays 
falling  on  it,  rendered  manipulation  difficult;  and  hollow  prisms 
with  cemented  sides  cracked  with  the  extreme  cold.  It  was  only 
after  repeated  attempts,  involving  the  expenditure  of  a  whole 
litre  of  liquid  oxygen  on  each  experiment,  that  we  succeeded  in 
getting  an  approximate  measure  of  the  refractive  index  for  the  D 
line  of  sodium.  The  mean  of  several  observations  gave  the 
minimum  deviation  with  a  prism  of  59°  15'  to  be  15°  11'  30", 
and  thence  ^  =  1.2236,.  The  density  of  liquid  oxygen  at  its  boil- 
ing point  of—  182°  C.  is  1.124,  and  this  gives  for  the  refraction- 
constant,  ^-—7 — =  1.989,  and  for  the  refraction-equivalent  3.182. 

This  corresponds  closely  with  the  refraction-equivalent  deduced 
by  Landolt  from  the  refractive  indices  of  a  number  of  organic 
compounds.  Also  it  differs  little  from  the  refraction-equivalent 
for  gaseous  oxygen,  which  is  3.0316.  This  is  quite  consistent 
with  the  supposition  that  the  molecules  of  oxygen  in  the  liquid 
state  are  the  same  as  in  the  gaseous. 

If  we  take  the  formula  .  »  ,   ^^  ,  for  the  refraction-constant  we 

find  the  value  of  it  for  liquid  oxygen  to  be  .1265,  and  the  corres- 
ponding refraction-equivalent  2.024.  These  are  exactly  the 
means  of  the  values  found  by  Mascart  and  Lorenz  for  gaseous 
oxygen.  The  inherent  difficulties  of  manipulation,  and  the  fact 
that  the  sides  of  the  hollow  prism  invariably  became  coated  with 
a  solid  deposit,  perhaps  solid  nitrogen,  which  obscured  the  image 
of  the  source  of  light,  have  hitherto  prevented  our  determining 
the  refractive  indices  for  rays  other  than  D.* 

The  determination  of  the  refractive  indices  for  liquid  nitrous 
oxide  did  not  present  so  great  difficulties.  The  minimum  de- 
viations for  the  rays  C,  D,  F,  G,  and  for  the  lithium  ray 
A.  6705.5,  and  the  indium  ray  A  4509.6,  were  found  to  be,  respec- 
tively, 22°  53',  23°,  23°  18',  23°  33',  22°  52',  and  23°  28'.  The 
corresponding  values  for  ^  are  1.329,  1.3305,  1.3345,  1.3378, 
1.3257  and  1.3368. 


•  This  will  be  prosecuted  further,  however.  The  refractive  index  of  oxygen 
has  an  important  bearinia:  on  the  electro-magnetic  theory  of  light,  considering 
that  we  are  dealing  with  a  magnetic  liquid.  The  polarizing  angle  corresponding 
to  the  index  of  refraction  found  above  for  liquid  oxygen  is  50°  45',  and  one  of  us 
has  foand  that  when  liquid  oxygen  is  cooled  to  —  200°  by  its  own  evaporation  at 
reduced  pressure  so  as  to  present  a  steady  surface,  and  the  image  of  a  candle  is 
Tiewed  by  reflection  at  that  surface  the  light  is  very  completely  polarized  when 
the  incidence  is  at  that  angle. 


The  specific  gravity  of  liquid  nitrous  oxide  at  its  boiling  point 
of —  90°  C.  was  found,  by  weighing  100  cubic  centim*  of  the 
liquid^  to  be  1.255. 


—  0,2634  and  for  the  molecu- 
take    the    other    formula, 


we 


This  gives,  for  the  D  ray,  — 

lar    refraction    11,587.     Or, 

11*  — 1 
(   i  4^  o\rf  ^  '^^^  ^^^  ^^^  corresponding  molecular  retraction 

7,163.  Subtracting  the  refraction-equivalent  for  oxygen  we  get 
for  the  molecular  refraction  of  nitrogen  8.405  or  5,139  according 
to  the  formula  used.  Mascart^s  determiTiation  of  the  index  of  re- 
fraction of  gaseous  nitrous  oxide  for  the  D  ra^^  was  1.000516  and 
the  corresponding  molecular  refraction  11.531,  or  7.69»  accord- 
ing to  the  formula  used,  and  in  this  case  the  older  Ibmiula  for  the 
refraction^equivalent  satisfies  the  condition  of  continuity  between 
the  gaseous  and  liquid  states  better  than  the  newer. 

It  was  more  difficult  to  obtain  the  refractive  indices  for  liquid 
ethylene  on  account  of  its  irregular  boiling.  Liquid  oxygen  and 
nitrous  oxide  boil  steadily,  but  ethylene  in  sudden  bursts  of  large 
volumes  of  vapor.  The  minimum  deviation  for  the  D  ray  wan 
found  to  be  25*^  29^  approximately.  This  gives  pi  —  1.3632.  and, 
since  the  density  of  the  liquid  at  its  boiling-point  of  —  100*^  C.  is 


0.58, 


=  0.627  and 


^  =  0.384. 


The  corresponding 


d  """  (M='+2)(i 

numbers  for  gaseous  ethylene,  according  to  Mascart,  are  0.578 
and  0.3S5.  The  agreement  for  the  second  formula  is  close,  but 
we  doubt  if  much  stress  can  be  laid  on  this,  inasmuch  as  wc  know 
that  the  liquid  ethylene  contained  a  small  quantity'  of  ether. 


RESUME    OF    SOLAR    OBSERVATIONS    MADE    DURING   THE    FIRST 

QUARTER  OF  1892.* 


r,  TACCHINI. 


The  number  of  days  of  observation  has  been  82,  i.  e,,  21  in  ApriK 
31  in  May  and  30  in  June.    The  following  are  the  results: 


1892. 

April 

MtLJ 

June 


Relative  Pncquciicy 
of  dtty!i 
of  spots,    without  spots. 
24.67  M.01> 

24.27  OSm 

25.0  0.00 


Relative  8lse 
of  spots,  offacutir. 

70.81  51,19 

119.47  62.511 

ni.20  106.83 


NufobcT  of 

KTotips  per  Umy 

5.57 

5.74 

6.20 


We  thus  find  an  augmentation  in  the  phenomena  of  Sun-spots, 
and  also  in  the  faculfe. 


•  CommuQicatcd  Uv  tbc  author* 


Distribution  in  Latitude  of  Solar  Phenomena. 
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For  the  prominences  we  have  obtained  the  following  results ; 

Prominence* 
No.  of  days  / 

1892. 


No.  of  da^rs 
of  observation. 


Mean  Number.       Mean  Height.     Mean  Extent. 


April 
May 
June 


19 
27 
30 


7.84 

7.70 

10.63 


38.7 
38.2 
37.5 


2.0 
1.9 
1.7 


The  prominences  have  been  more  numerous  than  in  the  preced- 
ing quarter,  and  this  agrees  with  the  spots,  for  the  secondary- 
maximum  occurred  also  in  the  same  month  of  June.  We  have 
thus  entered  upon  the  truly  maximum  period  of  the  solar 
activity. 

R.  OSSERVATORIO  DEL  COLLEGIO  ROMANO, 

Rome,  15  July,  1892. 


DISTRIBUTION  IN  LATITUDE  OP  SOLAR  PHENOMENA  OBSERVED 
DURING  THE  SECOND  QUARTER  OP  x892.» 


P.   TACCHINI. 


The  following  results  were  determined  for  each  zone  of  10° 
both  hemispheres  of  the  Sun  : 


in 


1892. 


Prominences. 


900  +  800 
80-1-70 
70+60 
60+50 
50   +40 

40+30 
30  +  20 
20  +  10 
10     .     o 

0—10 
10  —  20 
20  —  30 
30-40 
40  -  50 
50—60 
60—70 
70-80 
80-90 


0.000 
0.013 
0.106 
0.065 
0.053 
0.073 
0.084 
0.039 
0.038 

0.033 1 
0.062 
0.085 
0.106 
0.091 
0.1 15 

0.037 
0.000 
0.000 


0.471 


0.529 


Paculae. 


0.074 
0.156 
U.206 
0.091 
0.000 


0.527 


Spots. 


0.004 

0.033 

O.OII 

O.I  11 

[  0.473 

0.085 

0.202 

0.308 

0.123 

0.106 

0.000 

0.234 

0.202 

0.054 


0.512 


0.490 


Eruptions 


0.667 \ 
0.000  f 

0.000 
0.1 1 1 
0.1  II 
0.1  II 


0.667 


0.333 


The  prominences  and  faculae  have  been  a  little  more  frequent  in 
the  southern  hemisphere,  while  the  spots  and  eruptions  show  a 
maximum  in  the  same  zone  (+  10°  +  20°)  north  of  the  equator. 
The  maximum  for  prominences  occurs  farther  from  the  equator 
than  was  the  case  during  the  preceding  quarter,  but  prominences 

*  Commtraicated  by  the  author. 


are  still  lacking  in  the  vicinity  of  the  poles.  In  examining  Profes- 
sor Hale's  beautiful  photographs  of  faculae  on  the  solar  diRC  I 
foresee  that  he  will  arrive  at  the  same  conclusion  that  has  re- 
sulted from  my  own  observations,  i,  e.,  that  the  phenomena 
which  are  in  closest  accord  witli  the  prominences  are  the  facuitt, 
while  spots  and  eruptions  arc  always  confined  to  low  latitudes, 

R.  OSSERVATORIO  DEI.  COLLEGIO  ROMANO, 

Rome,  27  August,  1892. 


NEW     RESULTS    ON      HYDROGEN,     OBTAINED     BY     SPECTROSCOPIC 

STUDY  OF  THE  SUN. -COMPARISON  WITH  THE  NEW 

STAR  IN  AURIGA* 


H.  DBSUANDRES, 


The  complete  spectrum  ot  hydrogen  was  observed  for  the  first 
time  in  white  stars  by  Dr,  Huggins,  who  succeeded  in  adding  ten 
new  ultra-violet  lines  to  the  four  lines  previously  known  in  tlie 
visible  region.  This  result  was  afterwards  confirmed  by  Lockycr, 
Yogel  and  Cornu,  who  found  in  laboratory  experiments  on  incan- 
descent hydrogen  successively  one,  four  and  nine  of  these  new  lines. 

A  short  time  later  \L  Balmer  pointed  out  a  simple  function  af 
successive  w  hole  numbers  which  exactly  represents  this  series  of 
fourteen  lines,  which  is  comparable  to  a  series  of  harmonic  tones* 
This  remarkable  function,  which  also  applies  to  the  greater  part 
of  the  metals,  is  the  following: 

N  -A        ^,  , 

JV  being  the  number  of  vibrations,  A  and  B  two  constants,  and  a 
a  whole  number  varying  between  3  and  16, 

The  series  of  harmonics  of  hydrogen,  which  in  the  state  of  dark 
lines  characterizes  the  white  stars,  can  with  difficulty  be  obtained 
only  as  a  faint  and  incomplete  series  in  the  lab(»ratory.  But  I 
have  recently  obtained  it  in  the  Sun,  brilliant,  very  intense,  un- 
broken, and  with  five  additional  new  lines,  under  such  conditions 
as  allow  the  precise  measure  of  the  vibration  numbers. 

These  upper  harmonics  of  hydrogen  do  not  show  themselves,  as 
is  well  known,  in  the  disc  of  the  Sun,  which  is  a  yellow  star,  but 
they  appear  distinctly  in  the  most  brilliant  parts  of  its  atmos- 
phere, as  1  have  already  pointed  out  (see  Comptes  rendus,  Aug, 
1891,  Feb.  and  March,  1892),    On  the  fourth  of  May  last  I  pho- 

•  Comptes  rtudm  (Partsl,  25  July,  1892. 
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tographed*  the  region  of  the  spectrum  between  A.  400  and  A.  360 
of  a  remarkably  brilliant  prominence,  which  was  characterized 
by  the  richest  and  most  complete  radiation  so  far  observed  in 
this  region.  In  fact,  the  negative  which  I  have  the  honor  to  pre- 
sent to  the  Academy,  exhibits,  in  addition  to  a  large  number  of 
metallic  lines  enumerated  at  the  bottom  of  the  page,t  the  ten 
ultra-violet  hydrogen  lines  of  Dr.  Huggins,  and  five  new  lines  in 
addition,  which  follow  the  preceding  ones  with  such  regularity 
that  one  is  led  to  assign  these  also  to  hydrogen.  Moreover  these 
bright  lines  are  projected  on  the  spectrum  of  the  diffuse  light  of 
the  sky,  or  of  the  Sun,  which  is  at  present  more  exactly  known 
than  anj'  other  spectrum.  I  have  thus  been  able  to  measure 
with  precision  their  vibration  numbers  as  referred  to  Professor 
Rowland's  fundamental  lines.  The  table  below  allows  a  com- 
parison of  the  vibration  numbers  thus  measured  by  me,  the  vi- 
bration numbers  obtained  in  the  laboratory  by  Mr.  Ames,  and 
the  numbers  calculated  by  Balmer's  formula  with  the  constant 
determined  bv  Ames  on  the  visible  lines:t 


N  = 

274.1831 

-(M 

HoKgins' 
notation. 

Vibration  numbers 

Whole  Numbers 
in  the  formala. 

obtained 
by  me. 

obtained 
by  Ames. 

calculated 

n 

■     3c 

12 
13 
14 
15 
16 

He 

h; 
m 

Hv 

266.565 
267.685 
268.585 
269.310 
269.890 

266  575 
267.715 
268.615 
269.330 

266.566 
267.694 
268.586 
269.309 
269.898 

=1 

17 
18 
19 
20 
21 

270.385 
270.795 
271.140 
271.4.60 
271.700 

270387 
270.797 
271.142 
271.448 
271.694 

It  is  seen,  on  the  one  hand,  that,  for  the  lines  already  known, 
the  difference  between  the  observed  and  calculated  values  is  less 
for  our  measures  than  for  those  of  Mr.  Ames,  our  measures  hav- 
ing been  made  under  more  favorable  conditions;  and  on  the 
other  hand,  that  the  new  lines  correspond  exactly  with  the  five 
succeeding  terms  of  Balmer's  formula.    Consequently  these  lines 

*  This  photograph  was  obtained  with  the  aid  of  my  assistant,  M.  Mittau. 

t  The  principal  lines  (not  corrected  for  refraction)  are:  A  396.66,  /I  394.41 
of  alaminiam;  /  383.84.  X  383.25.  X  382.95  of  magnesium,  which  arc  rc- 
verned;  A  385  65.  /  382.05,  A  381.60,  A  374.84,  A  374.58,  A  373.73,  A  372.01. 
A  370.59  of  iron:  and  also  the  lines  A  392.81,  A  392.30.  /  390.56,  /  388.64, 
X  382.80.  A  382.60,  x  382.46.  /  381.98,  /  376.14,  /  375.93.  /  368.35,  /  368.52 
which  have  not  yet  been  assigned  to  any  known  element. 

t  These  vibration  numl^ers  are  corrected  for  r.tmospheric  refraction. 
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rr  sec  it  ooce  more  verified  that  thfe 

represents    the    hydrogen   vibratioa 

Sam  in  extent  and  precision. 

_     of  hjdrogen,   which   has  been  in* 

!itari,  is  tlxos  completed  by  the  studjj 

^  the  most  intense  source  of  ligli 


WTTB  THE  TEJIPORARV  STAR  IS  AtfRlGA 

mincpce  is  still  of  farther  interest  on 
it  allows  with  the  temporary  star  in 
Tbe  spectnnxt  of  this  star,  in  the  region  inchided 
in  composition  with  that  of  the 
strongly  supports  the  explanation 
f^vn  fcy  Dr   Huegiaws  wlwi  attribntes  the  temporary'  brilliancy 

Tk  i^miam  of  tlie  stAr  k  formed  of  lines  grouped  in  [)air5,  a 
hi%{^  liMr  homg  meeompmmed  by  a  dark  litje«  both  bright  and 
iCYVfsals^  with  a  constant  displacement  of 
Now  the  bright  lines  of  calcium  ut  the  base 
scalso  rcrersed.  Moreover,  when  the  promi 
wimg€m  tbe  Kmb,  are  projected  on  the  disc  < 
the  Sm.  mppemxio^  that  among  the  (aculs,    the  dark  lines  of 

ffistinct  double  reversal*^  similar  to 


I  stS  mone  striking  when  %ve  examine,  no 
rimt  on  the  Sun,  but  the  whole  of  the  Suii,. 
as  ia  the  caae  of  the  stars,  by  allowing  light  from  all   pointsi 
to  pas»  iato  the  apparatus  simultaneously;  the  double  reversal 
of  the  teals  is  stSptCMnt,— Tat  though  less  intense — if  the  Sun  iiJ 
rich  m  tmevimi  it  is  |iro>portiunaI  to  their  brilliancy  and  extcnt.1 
Moreover,  when  the  fiicitbe,  which  are  considered  as  grouped  in 
thtaaoiefCKiofi,  are  approachtng  or  receding  from  the  Earth  on. 
atcoaat  of  tbe  solar  rotation*  the  reversed  lines  are  displaced 
with  lefeieufe  to  tbe  whole  spectrum.    Thus,  and  this  fact  is 
worth  poiattQg  oat,  the  Sun  sometimes  exhibits  one  of  the  most 
singular  phcnomeoa  of  the  new  star. 

These  bright  Knes  of  reversal  represent  the  whole  of  the  ele- 
vated incandescent  gaseous  masses  of  the  atmosphere,  and  their 

•  t  wa»  the  first  '-^  r^-'^*  -  .r,i  this  property  of  the  faculft,  which  Mr,  HaJc  ba> 
coTifiniied  in  pamlk  $« 

t  It  may  be  in«s  ,  rjctiws  on  the  limb,  when  they  arc  very  brilli«nt, 

It  may  be  obtained  when  the  Sun  is  invisible,  with  tbe  light  of  the  clouds. 
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displacements  with  reference  to  the  other  lines  are  due  to  the  ro- 
tation of  the  star.  As  they  are  found  in  the  Sun  it  is  natural  to 
look  for  them  in  the  stars;  and  certainly,  with  the  large  tele- 
scopes at  present  employed,  the  brightest  stars  can  be  analyzed 
almost  as  well  as  the  Sun.  The  study  of  these  reversals  will  fur- 
nish valuable  data  on  the  nature  and  rotation  of  the  atmos- 
pheres of  stars,  and  will  permit  problems  to  be  attacked,  which 
have  up  to  the  present  seemed  quite  beyond  our  reach. 
Observatoire  de  Paris. 


RECENT  observations  OF  NOVA  AURIGA.* 


W.  W.  CAMPBELL. 


The  new  star  in  Auriga  was  clearly  seen  with  the  36-inch  tele- 
scope on  April  24,  when  it  was  of  the  sixteenth  magnitude  or 
fainter.  It  was  occasionally  glimpsed  late  in  the  evening  of 
April  26,  when  its  altitude  was  small.  Further  observations 
were  prevented  by  a  three  weeks'  storm,  at  the  close  of  which 
the  star  was  too  low  in  the  west  to  be  observed.  The  rapid  de- 
cline in  brightness  made  it  probable  that  it  would  soon  disap- 
pear from  sight.  But  it  was  again  observed  by  Professors 
Holden  and  Schaeberle  and  myself  on  August  17,  when  its  magni- 
tude was  estimated  at  10.5.  All  the  observers  agreed  that  its 
appearance  was  different  from  that  of  other  stars  of  the  same 
magnitude,  in  that  its  disk  was  larger  and  its  light  duller.  How- 
ever, the  moon  was  only  a  few  degrees  east  of  the  star  and  the 
bright  skj'  interfered  with  further  observations  on  that  point. 
A  direct  vision  spectroscope  of  very  small  dispersion  showed  its 
spectrum  to  consist  of  three  bright  lines  and  a  faint  continuous 
spectrum.  The  instrument  did  not  permit  of  measures  being 
made  to  determine  the  wave-lengths,  and  the  telescope  was  not 
available  again  for  spectroscopy  for  several  days. 

On  August  19  (15  hours),  with  a  more  powerful  spectroscope 
attached  to  the  12-inch  telescope,  the  brightest  line  previously 
observed  was  resolved  into  three  lines.  These  were  at  once 
recognized  to  be  the  three  characteristic  nebular  lines,  and  thus 
the  nebulous  character  of  the  object  was  established.  By  bring- 
ing the  lines  into  contact  with  a  bar  in  the  focus  of  the  eyepiece 
and  turning  to  0  Tauri  and  Venus  the  wave-lengths  were  es- 
timated to  be  501,  496  and  486.  The  faint  continuous  spectrum 
•  Commanicated  by  the  author. 
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was  jiist  visible.  The  magtiittide  of  Nova  was  noted  as  tnidway 
hetween  that  of  Pickering's  comparison  star  s  and  the  9"*. 5  star 
j)M.  +  30°.  920:   that  is,  about  9'".9,    Mr.  Townlej  estimated 

at  0^'*.2  brighter.  No  appreciable  change  in  brightness  has  i^et 
^een  observed. 

The  same  morning  Professor  Barnard,  using  the  36-inch  tele- 
scope, observed  the  Nova  as  a  nebula  3"  in  diameter,  with  a 
tenth  magnitude  star  in  its  centre. 

Further  study  of  the  spectrum  with  the  large  spectroscope  has 
bhown  eleven  bright  lines  and  a  continuous  spectrum  correspond- 
ing to  a  star  of  the  eleventh  magnitude  or  fainter.  The  positions 
of  nine  of  these  lines  havx  been  quite  accurately  determined  ;  one 
at  X  5268  was  measured  only  once ;  and  another  estimated  at  k 
557  could  not  be  measured  with  the  large  spectroscof>e,  though 
it  was  twice  clearly  seen  with  a  small  spectroscope  using  weak 
dispersion.  Two  others  in  the  green  and  a  line  near  C  were  sus- 
pected on  dificrent  occasions,  but  they  could  not  be  located 
surel3%  The  continuous  spectrum  presents  the  appearance  of 
containing  a  large  number  of  bright  lines,  just  beyond  the  power 
of  the  telescope  to  define. 

Below  is  a  table  of  the  wave-lengths  of  the  lines*  They  are  re- 
duced to  the  Sun.  The  difficulty  with  which  the  several  lines 
were  measured  permitted  the  relative  intensities  to  be  estimated 
very  accurately.  The  lines  at  A  44-66  and  A  4336  are  not  visible 
to  me,  and  their  intensities  were  estimated  from  the  photograph 
by  comparison  with  the  line  A  4360.  The  unmarked  wave- 
lengths were  obtained  with  the  dense  60^  flint  prism  and  the 
iOliz-inch  observing  telescope,  using  a  magnifying  power  of  13.3. 
In  obtaining  those  marked  with  an  asterisk  (*)  the  prism  was 
replaced  by  a  second  order  grating  of  14,438  lines  to  the  inch. 
In  obtaining  those  marked  thus  (t)  a  first  order  grating  was 
used.  The  one  marked  thus  (t)  was  obtained  with  a  thallium 
compound  prism.  Those  marked  thus  (§)  were  obtained  photo- 
graphically, using  the  60^  prism  and  replacing  the  micrometer 
hv  a  camera. 
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[In  the  photograph  of  Sept.  7,  the  lines  between  A  5002  and 
X  4466  are  slightly  out  of  focus,  and  the  results  are  of  small 
weight.] 

The  spectrum  resembles  that  of  the  planetary  nebulae.  The 
lines  at  A  5002,  X  4953  and  X  4857  are  undoubtedly  the  three 
nebular  lines,  displaced  toward  the  violet  about  five  tenth- 
metres.*  The  nebula  is  therefore  approaching  us  with  a  velocity 
of  at  least  175  miles  per  second.  The  presence  of  a  prominent 
line  at  X  4358  and  the  fact  that  no  line  is  visible  in  the  position 
of  Hy  led  me  to  infer  that  the  Hy  line  is  absent.  But  a  photo- 
graph of  the  Hy  region  obtained  this  morning  with  a  two  hours' 
exposure  shows  not  only  the  verj'  bright  line  X  4360  but  also  the 
bright  Hy  line  at  X  4335.9  and  a  trace  of  a  line  at  X  4466.  The 
displacement  of  the  Hy  line  is  thus  shown  to  be  similar  and 
equal  to  that  of  the  three  nebular  lines.  The  line  X  4466  un- 
doubtedly corresponds  to  the  line  X  44*71  in  the  planetary  nebulB 
2  6,  and  shows  the  proper  displacement.  The  line  X  4681  corres- 
ponds to  the  line  X  4685  in  some  of  the  planetary  nebulae  and  is 
properly  displaced.  Its  positions  in  the  spectra  of  N.  G.  C.  7027 
and  7662  were  measured  last  night  and  found  to  be  X  4685  and  X 
4684  respectively.  The  lines  X  5268  and  X  [557]  are  possibly  the 
lines  X  527  and  X  554  seen  in  the  Orion  Nebula  and  some  of  the 
planetary  nebulae.  So  far  as  I  know  nebular  lines  have  never 
been  observed'  in  the  positions  X  5755,  X  4635  and  X  4364, 
though  the  line  X  463-4  is  present  in  some  of  the  bright  line  stars. 
Possibly  a  careful  examination  of  the  planetary  nebulae  would 
reveal  some  or  all  of  them.  There  is  no  visible  trace  of  a  line  in 
the  D,  region. 


•  Professor  Keelcr's  adopted  wave-length  of  the  first  nebular  line  is  5007.05. 


The  line  ^  5002  has  been  more  refrangible  than  the  lead  Itne  ^ 
A  5005,63  on  every  night.    But  on  Aug.  30  the  distance  betwecnj 
them  seemed  greater  than  usual.    To  confirm  this  point  thedif 
ference  of  wave-length  was  measured  successively  with  the  60^^ 
prisra.the  compound  prism  and  the  second  order  grating.    The 
displacement  of  the  line  \  4858,  which  had  jnst  previously  heen- 
measurcd,  shows  a  similar  and  equal  variation.     If  the  variation  i 
is  real  and  progressive,  the  later  measures  do  not  confirm  it  as 
strongly  as    could    be    wished.     But    the    perfectly  independentJ 
measures  on  the  two  lines  most  carefully  compared   leave  little 
doubt  that  some  change  has  occurred.    The  difficulties   in  the 
way  of  deciding  the  question  arise  not  from  the  faintness  of  the 
lines,  but  from  their  great  breadth.     They  are  more  diflFuse  than 
those  of  any  of  the  planetary  nebula?  which  I  have  observed. 
With  the  grating  the  line  A  5002  is  at  least  eight  tenth-metres 
broad,  with  difl'use  edges,  and  a  brighter  central    region  about 
four  tenth-metres  broad.    On  Aug.  30  the  line  was  suspected  to 
be  double,  and   the  grating  measures  of  that  night   refer  to  n 
point  midway  between  the  two  condensations.    On  Sept,  7  the 
measures  refer  to  a  point  of  maximum  brightness  slightly  less  re- 
frangible than   the  centre  of  the  line.     The  other  lines  arc  too 
faint  to  be  observed  with  the  grating  and  narrow  slit. 

In  order  to  test  the  adjustments  of  the  spectroscope,  the  posi- 
tions of  the  lines  in  the  planetary  nebula  ^  B  were  measured  on 
several  nights^  using  the  60°  prism.  The  three  ncljular  lines  and 
the  H;'  line  occupied  their  normal  positions,  within  the  errors  uf 
observation.  On  Aug.  23  the  position  of  the  first  nebular  line  in 
^  G  was  measured  with  the  second  order  grating  and  found  to 
be  A  5006,93  (corresponding  to  a  velocity  of  approach  of  4.5 
miles  per  second).  The  mean  of  Professor  Keeler*s  observation* 
on  thirteen  nights  is  X  5006.89  (corresponding  to  a  velocity  of 
approach  of  6.0  ±  1,2  mtles).  Turning  to  Nova  without  chang- 
ing any  of  the  adjustments  the  wave-length  of  the  corresponding 
line  was  measured  and  tbund  to  be  5003.1  Similarly,  on  Sept.  4, 
the  position  of  the  first  nebular  line  in  nebula  N.  G.  C.  7027  was 
found  to  be  5007.18  (corresponding  to  a  velocity'  of  recession  of 
4.8  miles  per  second).  From  four  nights*  observations  Professor 
Keeler  obtained  a  velocity  of  recession  of  6.3  =fc  1.2  miles.  Ttim- 
ing  to  Nova,  the  wave-length  of  the  first  nebular  line  %vaB  found 
to  be  5001.9. 

The  relation  of  this  spectrum  to  the  early  one  of  February  and 
March  is  not  apparent.  The  lines  X  4858  and  A  4336  coincide 
almost  exactly  with  the  sharp  edges  of  the  original  bright  F  and 
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Hy  lines.  If  we  also  except  the  line  A  4630,  then  the  remaining 
lines  fall  upon  comparatively  thin  (dark)  regions  of  the  original 
spectrum.  All  of  the  lines  now  present,  however,  could  have 
been  present  in  the  early  spectrum  when  it  was  observed  here 
and  have  escaped  detection.  The  brighter  continuous  spectrum 
would  mask  them  effectually  in  visual  observations  and  also  in 
the  photographic,  even  if  the  exposures  had  been  long  enough  to 
record  them.  The  line  A  4630  falls  upon  a  broad  bright  line  of 
the  original  spectrum. 

Visual  observations  on  three  nights  in  February  and  traces  of 
a  line  on  two  photographs  fix  the  position  of  a  faint  line  at 
A  4969.  At  first  there  seemed  very  little  reason  for  suspecting  it 
to  be  the  second  nebular  line.  But  after  reducing  the  photo- 
graphic observations,  and  considering  it  in  connection  with  a 
faint  line  at  A  5885  (D,?)  observed  March  13,  with  all  or  a  por- 
tion of  the  very  bright  line  A  5016,  and  with  the  less  refrangible 
components  of  F  and  H;^  shown  on  the  photographs  at  A  4871 
and  A  4348,  there  was  seen  to  be  a  possibility  that  these  were 
nebular  lines,  displaced  about  ten  tenth-metres  toward  the  red. 
It  is  important  to  note  that  in  the  original  spectrum  there  were 
also  prominent  lines  at  A  5577,  A  5281,  A  4481,  and  later  at 
A  5761 :  and  the  only  prominent  lines  in  those  regions.  The  rela- 
tive positions  of  these  lines  agree  remarkably  well  with  those  of 
the  present  lines  (excepting  the  lines  A  4630  and  A  4360).  But 
the  two  sets  of  lines  could  be  related  to  each  other  only  by  an 
enormous  change  in  the  velocity  of  the  light  source  (about  500 
miles  per  second).  On  the  hypothesis  of  two  bodies  and  a  period 
of  several  months,  this  would  be  possible  only  with  a  very  ex- 
centric  orbit,  the  major  axis  and  periastron  probably  directed 
towards  the  solar  system,  and  the  proper  relation  existing  be- 
tween the  masses  of  the  two  bodies.  The  evidences  of  increasing 
velocity  of  approach  in  the  recent  measures  support  the  hypothe- 
sis. But  the  evidence  of  fairly  constant  velocity  during  Febru- 
ary and  March  is  opposed  to  it.  If  the  hypothesis  is  tenable 
future  observations  will  show  increased  velocities.  If  further 
observations  show  no  increase  of  velocity  the  hypothesis  is 
probably'  untenable.  As  stated  above,  it  apparently  does  not 
explain  the  presence  of  the  lines  A  4630  and  A  4360. 

Mr.  S.  D.  Townley,  Fellow  in  Astronomy,  kindly  assisted  in 
making  and  reducing  the  observations. 

Mt.  Hamilton.  1892,  Sept.  8. 


OBSERVATIONS   ON  THE  THERMAL  ABSORPTION    IN  THE  SOLAR 
ATMOSPHERE.  MADE  AT  POTSDAM.* 


BDWIN  B.  FROST. 


I.    Observations  ox  the  Photosphere. 

The  absorptive  pro|jerti€s  of  the  solar  atmosphere  have  received 
the  attention  of  several  observers  since  Bouguer's  original  at- 
tempt  to  measure  the  cHfterent  intensity  of  the  light  at  diflferent 
distances  from  the  center  of  the  Sun's  disk.  The  absorption  of 
the  ** photographic"  rays  of  short  wave-length  was  carefully  in- 
vestigatcd  by  Vogel  in  1872  (Berichie  der  K.  Sachs.  (»es.  d.  Wiss 
1872  Juli). 

Secchi,  Liais  and  Pickering  made  extended  series  of  photometric 
observations  in  the  years  1852-74  on  the  diminution  of  intensity 
for  the  rays  of  medium  wave-length  from  the  center  toward  the 
edge  of  the  disk»  but  the  most  complete  investigation  was  made 
b\'  Yogelf  in  IHlii  with  the  use  of  his  modification  of  the  Glan 
spectral-photometer,  whereby  exact  values  of  the  absorption 
were  obtained  for  six  different  portions  of  the  Spectrum  between 
A  =  4135  and  658  ;ti//. 

By  means  of  the  thermopile  the  absorption  for  the  heat  rayj* 
has  been  studied  by  Secchi,  Langley,  Cruls  and  others.  The  re- 
suits  are  subject  to  very  considerable  discordances.  As  Professor 
Vogel  has  not  been  able  to  carrA'  out  his  plan  of  undertaking  this 
investigation,  he  suggested  that  I  should  begin  it  and  this  paper 
may  in  a  sense  be  regarded  as  a  continuation  of  his  s|>ectral- 
photometric  determination  extended  to  the  rays  of  greater  wave- 
length. 

Owing  to  the  very  numerous  and  unavoidable  sources  of  error 
in  such  observations,  due  chiefly  to  our  atmosphere,  it  s^med  to 
be  decidedly  advantageous  not  to  employ  too  delicate  apparatus, 
and  therefore^  instead  of  using  Langley*s  bolometer  or  Boy's 
radiomicTometer,  —  instruments  whose  extraordinary  delicacy 
made  it  probable  that  these  extraneous  sources  of  error  might 
largely  mask  the  sough t-for  effect— I  resolved  also  to  employ  the 
thermopile, 

*  From  Astro  no  mkch€  Nachrkhtcn,  3105-3106,  with  corrections  and  iidHi- 
tions  by  the  author, 

t  Spectral photometrische   I  titers uchungen  ( Monatsbenchtc  der  K^U  AcaJ. 
der  VViseenschaften  ku  Berlin,  Milrx  1877).   A  valuable  rc-reductioti  and  discf 
of  these  observations  13  given  by  Professor  Sceli^er  in  hi»  paper  **  Ucbcr  du 
tinctioTi  des  Lichtea  in  der  AtmosphHre*'  { Sitzurigslxrichte  aer  math.-phj^  Lias*? 
der  Kgl.  bayer.  Acnd.  tier  Wjbs.  1891  Bd.  XXI,  Heft  III). 
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As,  however,  most  of  the  thermopiles  to  be  had  of  manufactur- 
ers are  extremely  short  and  do  not  allow  of  certainty  that  the 
back  junctions  do  not  receive  heat  by  conduction  from  the  ex- 
posed surface  and  do  not  permit  that  the  back  junctions  may 
be  kept  at  a  constant  temperature,  I  decided  to  construct  the 
apparatus  myself,  a  task  which  the  admirable  resources  of  this 
Observatory  greatly  lightened. 

The  original  plan  of  observation  was  quite  analogous  to  that 
writh  the  spectral-photometer. 

Twin  thermopiles  of  considerable  length  with  their  back  junc- 
tions at  the  same  temperature  were  to  be  joined  in  circuit  against 
each  other  and  to  be  simultaneously  exposed,  the  one  directly  to 
the  Sun's  rays,  while  the  other,  placed  in  the  optical  axis  of  the 
telescope,  received  the  radiation  from  any  given  portion  of  the 
real  projected  solar  image.  Although  this  plan  of  observation 
had  to  be  subsequentl3''  modified  yet  the  construction  of  the  ap- 
paratus was  not  altered. 

A  long  time  was  spent  in  the  attempt  to  make  thermopiles  oi 
antimony  and  bismuth  which  should  have  a  length  of  not  less 
than  20  cm.  and  a  sufficiently  small  diameter.  The  brittleness  of 
these  metals  made  it,  however,  practically  impossible  to  fulfil 
these  requirements  and  I  was  finally  obliged  to  adopt  iron  and 
German  silver  for  the  purpose.  These  metals  were  procured  in 
the  form  of  wires  of  0.3  mm.  diameter  with  silk  insulation ;  these 
w^ere  cut  off  in  lengths  of  25  cm.,  and  two  piles  of  6  pairs  each, 
as  exactly  similar  as  possible,  were  constructed  and  the  exposed 
surfaces  were  brought  into  a  plane  occupying  a  space  of  about 
4  sq.  mm.  A  brass  tube  of  9  mm.  diameter  and  49  cm.  length 
was  then  passed  lengthwise  through  a  tin  cylinder  of  9  cm.  di- 
ameter and  16  cm.  length,  and  the  two  ends  were  bent  up  at 
right  angles  so  that  the  tube  had  a  U  shape.  The  back  junctions 
of  the  two  thermopiles,  after  having  been  carefully  insulated  and 
imbedded  in  sealing  wax,  were  inserted  into  the  two  ends  of  the 
brass  tube,  the  proportions  being  such  that  the  front  faces  of 
the  piles  projected  just  out  of  the  tube  while  the  back  junctions 
were  in  contact  at  the  middle  of  the  tube.  The  cylinder  being 
now  filled  with  water,  (one  liter),  one  could  be  assured  that  the 
two  back  junctions  were  at  the  same  temperature,  that  no  ap- 
preciable amount  of  heat  could  be  transferred  by  conduction 
from  the  exposed  faces,  and  that  accidental  therm o-effects  in  the 
metals  of  the  thermopiles  were  practically  impossible. 

The  upper  ends  of  the  brass  tube  pass  into  small  wooden  caps 
which  are  so  hollowed  out  that  the  exposed  faces  lie  at  their 


center,  and  over  these  were  slipped  pieces  of  polished  brass  lube 
2  cm.  long  and  1  cm.  diameter,  blackened  on  the  inside,  and 
carrying  on  their  upper  ends  cardboard  diaphragms  with  an 
aperture  of  5  mm.  Other  diaphragms  of  smaller  aperture  were 
inserted  midway  between  these  and  the  thermopile  surfaces  dur* 
ing  some  of  the  observations. 

The  whole  of  the  apparatus  up  to  the  last  mentioned  brasi 
caps  was  now  protected  against  external  radiation  by  being  en» 
closed  in  a  sort  oi  cardboard  box  covered  with  tinfoil  and  then 
attached  to  a  metal  frame,  constructed  for  a  similar  pu 
previously,  which  was  firmly  clamped  to  the  Gnihb  refractor  of 
20cm.  aperture.  This  frame  carried  a  pasteboard  screen  of  3»3cqi. 
diameter,  through  the  center  of  which  the  inner  thermopile  pro- 
jected, and  upon  which  were  ruled  off  rectangular  co-ordinates  so 
that  the  distance  of  the  point  of  the  Sun*s  surface  imder  examina* 
tion  from  the  center  of  the  disk  could  be  at  a  glance  read  off  on 
the  four  radii.  These  were  oriented  to  the  apparent  parallel  to 
the  daih' motion  except  where  it  is  noted  that  they  were  set  for 
the  Sun's  true  poles  and  equator. 

The  first  method  of  procedure,— that  ut  tlirt^wing  dttferent  por- 
tions of  the  projected  image  upon  the  inner  thermopile^  while  the 
outer  (lying  in  the  same  plane  but  at  a  distance  of  25  cm.)  was 
simultaneously  exposed  to  the  direct  ra\'s, — had  to  be  given  up 
after  a  series  of  ex|)erinients  because  of  the  disproportionately 
greater  intensity  of  the  latter.  By  placing  a  thin  silk  gausce  in 
the  path  of  the  direct  rays  and  at  a  distance  of  several  feet  from 
the  thennopile  it  was  possible  to  secure  the  desired  equality  of 
intensity,  as  w^ell  as  by  inserting  a  shimt  in  the  circuit  against 
the  outer  pile,  but  both  of  the  methods  involved  new  and  uncer- 
tain sources  of  error,  and  accordingly  the  plan  of  observation 
was  modified,  the  inner  pile  being  alone  exposed.  The  outer  pile 
was  hereafter  kept  uniformly  shaded  from  direct  solar  radiation, 
but  served  the  important  purpose  of  balancing  all  extraneous  dis- 
turbing effects,  such  as  air  currents,  reflected  radiations,  change 
of  temperature  of  the  w^ater,  etc. 

It  ma3'  be  here  remarked  that  the  apparatus  was  as  a  rule 
brought  to  the  dome  a  considerable  time  before  the  commence- 
ment of  the  observations  in  order  that  it  might  obtain  the  tem- 
perature of  the  air  by  the  lelesco[3e.  The  exposure  was  made  by 
rotating  a  shutter  which  was  placed  so  far  away  from  the 
thermoi)!les  as  to  have  no  radiating  effect  itself;  the  objective 
was  moreover  kept  closed  as  much  as  possible,  being  regulated 
by  a  convenient  arrangement  at  the  eye  end.    After  some  expcri- 
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ments  it  was  found  that  30*  was  the  most  advantageous  time  of 
exposure  and  it  was  uniformly  so  given,  a  clock  in  the  dome  with 
a  loud  tick  furnishing  the  time.  All  the  connecting  wires  at  the 
telescope  were  well  insulated  and  further  enclosed  in  rubber  tub- 
ing, which  in  turn  was  shielded  from  direct  radiation  by  being 
covered  with  tinfoil.  Exposed  connections  were  protected  by 
cotton  batten. 

The  galvanometer,  Siemens  &  Halske  No.  1256,  was  of  the 
astatic,  dead  beat  type,  and  the  deflection  was  observed  by  tele- 
scope and  scale  at  a  distance  of  generally  3  meters.  The  four 
coils  were  coupled  in  series.  During  the  first  of  the  observations, 
until  Oct.  2,  the  galvanometer  was  set  up  on  a  bracket  in  the 
wall  of  the  passage  to  the  west  dome,  at  a  distance  of  about  5 
meters  from  the  telescope.  It  was  soon  found  that  the  large 
amount  of  iron  in  the  neighborhood  exerted  a  very  disturbing 
eflect  on  the  magnets,  the  zero  point  being  constantly  changed 
when  the  dome  was  moved,  and  it  therefore  became  necessary  to 
transfer  the  galvanometer  to  the  physical  laboratory,  where  a 
solid  pillar  gave  a  more  steady  support  and  where  the  neighbor- 
ing iron  masses  were  constant.  This  made  a  very  long  circuit 
unavoidable,  but  it  was  fortunately  so  situated  as  to  be  little  ex- 
posed to  changes  of  temperature. 

The  procedure  of  observation  was  this :  First  the  assistant  at 
the  galvanometer  gave  the  signal  that  the  needle  had  come  to 
rest,  then  a  signal  for  attention  would  be  returned,  and  3®  before 
the  exposure  a  second  signal  to  make  the  reading  was  given,  and 
then  the  shutter  was  opened  with  the  clock  beat.  The  galvan- 
ometer gave  a  steady  throw  during  the  30*  and  could  be  very  ex- 
actly read  off";  it  would  have  been  possible  to  estimate  the  tenths 
of  a  mm.  but  it  seemed  best  to  otily  read  the  whole  mm. 

With  a  dead  beat  galvanometer  of  this  sort  the  ** first  throw" 
cannot  be  accurately  observed  and  so  that  method  was  not  used. 

It  was  always  an  important  point  that  the  needle  should  come 
to  rest  before  making  another  exposure ;  verj'  naturally  it  would 
not  as  a  rule  come  quite  back  to  the  original  zero-point  and  there 
w^as  therefore  a  tendency  for  the  zero-point  to  rise ;  in  the  small 
limits  within  which  this  occurred  it  could  not  be  considered  as 
introducing  an  error.  With  the  distance  of  scale  from  mirror 
which  was  employed  the  heat  was  of  course  to  be  considered  as 
directly  proportional  to  the  deflection. 

The  correction  for  torsion  of  the  suspension  thread  was  deter- 
mined by  turning  the  needle  once  around  by  means  of  a  magnet 
and  then  observing  the  deflection  from  its  normal  position.    The 


torsion's  factor  varied  according  to  circumstances  from  ^  to  ^Wl 
the  instrument  being  altered  during  the  winter  by  increasing  the 
length  of  the  suspension.  The  data  of  the  electrical  circuit  are: 
Resistance  of  the  thermopiles  each  8,  of  the  galvanometer  10 
ohms;  of  the  rest  of  the  circuit  at  first  one  ohm,  and  subse- 
quently 7  ohms,  making  the  totals  in  the  two  cases  27  and  33 
ohms,  certainly  not  the  most  advantageous  combination,  but 
under  the  circumstances  necessar\^.  The  sensitiveness  of  the  gal- 
vanometer was  such  that  a  tleflectinn  of  one  di\^sion  of  the  scale 
was  produced  by  a  current  of  approximately  0,00000001  am- 
pere (one  hundredth  of  one  millionth). 

The  detailed  observ^ations  follow.  They  were  made  between  11 
and  1  o'clock  and  only  under  the  best  atmospheric  eonditioDSt 
th<*ugh  they  were  occasionally  interrupted  by  haziness  or  clouds. 
The  low  altitude  of  the  Sun  made  observations  impossible  during 
the  winter  months. 

The  interval  between  successive  exposures,  determined  b}-  the 
time  required  for  the  needle  to  come  fully  to  rest  after  a  deflec- 
tion, was  usually  about  five  minutes.  The  galvanometer  read- 
ings were  very  carefully  made  by  the  clerk  of  the  Observatory, 
Herm  Kettler,  The  quality  of  the  exposure  was  always  re- 
corded at  the  telescope,  and  no  observations  have  been  here  to- 
eluded  by  which  inaccuracy  as  to  the  duration,  position  on  the 
surface  or  atmospheric  conditions  were  noted. 

The  first  column  contains  the  distance  p,  and  direction  (A^  B,  S» 
W,  oriented  to  the  {>arallel  of  declination),  of  the  point  observed 
ft*om  the  center  of  the  disk,  the  radius  being  taken  as  100,  and 
Af  denoting  the  center.  The  second  and  third  columns  give  the 
corrected  deflection  in  units  of  the  scale  and  the  ratio  of  this  dc* 
flection  (and  consequently-  of  the  intensity)  to  that  adopted  for 
the  center  and  designated  by  Af„  in  the  column  of  remarks ;  A/^  is 
the  mean  of  the  successive  values  for  A/,  unless  the  notes  as- 
cribed less  weight  to  one  of  the  values.  The  difference  in  the  ab- 
solute values  on  different  days  is  due  to  the  different  diameters  of 
the  image  employed  and  to  the  var\'ing  ratio  of  the  tem{)erature 
of  the  air  (and  water)  to  that  of  the  Sun, 
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The  results  of  these  observations  are  combined  as  follows: 


94 


P "• 97     96 

No.  of  obs 16        14       12 

MeanJ:/^.. S3-2     S7.i    63.9 

Probable  Error ±  0.44    0.40    0.42 

P.  B.  of  single  obs..  ±  I. S      1.5      1.5       — 


Curve  —  Obs.. 


+  1.7  +0.^  —2.1  —  1 


92       87      76 
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-  °^'  if 
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24 


75 

17" 

+  0.2 

74        71        60         CO         40 

3          2        2         14         4 
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=  =  =  r.f  = 
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'I 

98-8 
043 
i.i 
-♦•  0.1 


Through  these  values  (given  in  the  third  line)  a  smooth  curve 
has  been  drawn,  abscissas  representing  the  distance  from  the  cen- 
ter of  the  disc  (p)  and  ordinates  expressing  the  amount  of  heat 
transmitted,  that  at  the  center  being  taken  as  100.  The  last  line, 
Curve  minus  Observation,  shows  how  well  the  curve  satisfies  the 
observations. 

From  the  curve  I  now  take  the  following  values,  given  in  the 
column  headed  O. 


p 

0 

0 

c 

C-0 

o 

0^ 

lOO.O 

lOO.O 

0.0 
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99-9 

99.8 

—  01 

20 
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—  O.I 

30 

"75 
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0.0 

40 

23.6 

96.3 

97- 1 

4-0.8 

50 

30.0 

93-6 

95« 

+  «.5 

60 

36-9 

89.8 

92.2 

-f  2.4 

70 

44.4 

84.6 

87.8 

+  3.2 

80 

53- 1 

77-9 

80.6 

-1-2.7 

90 

64.2 

68.0 

65.6 

-  2.4 

100 

90.0 

(39) 

— 

— 

v=:  0.1412 

e-f= 

7=0.72. 

In  comparing  now  the  above  results  with  the  Theory  of  Ab- 
sorption we  proceed  from  the  standpoint  that  the  Sun,  deprived 
of  its  atmosphere,  would  appear  as  a  flat  uniformly  illuminated 
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disc,  as  has  been  experimentally  shown  to  be  the  case  for  glowing 
balls  of  metal.  The  formula  which  La  Place  gave  in  Mec.  C^lest. 
Book  K,  corrected  to  accord  with  this  more  modem  view,  be- 
comes I  =  e~  ^^  where  /  represents  the  amount  of  light  trans- 
mitted through  the  Sun's  atmosphere,  e  the  base  of  natural  log- 
arithms, f  the  coefficient  of  absorption,  and  ^  the  angle  at  the 
Sun's  center  between  the  line  to  the  observer  and  the  radius  to 
the  point  observed,  p  being  the  sine  of  ^.  At  the  center  of  the  disc 
where  ^  =  0  the  intensity  is  I^  =  e-^.    The  above  measurements 

are  therefore  a  determination  of  the  ratio  r=  = — ;  this  for- 

mula  may  be  more  conveniently-  expressed  in  the  form 
,       /  1— cos^ 

log   -=:    =  y 2j — 

^  I^  cos  ^ 

where  v  =  fX  Mod. 

Using  this  formula  I  have  computed  v  for  each  of  the  given  val- 
ues of  p  and  have  then  determined  the  most  probable  value  of  v 
by  the  method  of  least  squares,  and  finally  have  substituted  this 
value  of  y  in  the  formula,  and  thus  calculated  the  values  of  / :  1,^ 
given  in  the  fourth  column  of  the  table  under  the  heading  C.  The 
column  C  —  O  shows  the  comparison  of  the  theory  with  the  ob- 
servations. The  differences  are  similar  to  those  in  the  spectral- 
photometric  observations,  especially  for  green  rays,  attaining  a 
maximum  for  about  p  =  70 ;  their  amount  is  greater  here,  as  was 
to  be  expected,  owing  to  the  numerous  unavoidable  sources  of 
error  in  such  heat  measurements ;  yet  the  departure  of  the  ob- 
served curve  from  that  derived  from  the  theory  seems  to  be  real, 
and  would  indicate  the  insufficiency  of  the  formula  to  absolutely 
represent  the  observations. 

This  divergence  could  be  doubtless  much  diminished  by  the  in- 
troduction of  another  constant  in  the  formula,  as  Professor  Seel- 
iger  has  done  for  the  green,  blue,  dark  blue  and  violet  rays,  but 
did  not  find  necessary  for  the  red  and  yellow  rays.  I  have  not 
been  disposed  to  do  so  for  the  present  measurements,  since  the 
amount  of  the  differences  C  —  O  are  realh'  verj"  small,  and  the 
coincidence  thereby  gained  would  be  rather  illusory.  The  physi- 
cal interpretation  of  the  additional  constant  is  moreover  some- 
what uncertain. 

I  may  say  here  that  m\'  attempts  to  find  a  certain  amount  of 
radiation  from  the  absorbing  layer  itself  have  led  to  negative 
results. 

A  comparison  of  the  above  results  with  the  spectral-photo- 
metric observations  is  now  of  interest : 
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The  heat  curve  thus  lies,  as  might  have  been  expected  from  the 
known  position  in  the  spectrum  of  the  maximum  of  intensity'  for 
thermal  rays,  between  those  for  red  and  yellow,  only  falling  under 
the  latter  for  the  three  middle  values  of  fJ. 

As  the  original  publication  of  this  extremeh"  interesting  re- 
search of  VogeFs  is  inaccessible  to  many  readers,  a  short  account 
of  the  methods  employed  may  not  be  out  of  place. 

The  form  of  spectral-photometer,  as  de\nsed  by  Dr,  Glan  and 
modified  by  Dr.  Vogeb  consists  of  a  compound  spectroscope  of  the 
Bunsen  type,  with  its  slit  divided  into  two  halves  by  a  small  strip 
crossing  it  at  the  middle.  Between  the  collimator  lens  and  the 
prism  are  inserted  first  a  doubly-refracting  Wollaston  prism  and 
then  a  Ntcors  prism  which  may  be  rotated  on  a  graduated  circle. 

The  doubly-refracting  prism  furnishes  four  images  of  the  slit, 
two  of  which  are  gotten  rid   of  by  the  insertion  of  a   movable 
diaphragm  in  the  focus  of  the  observing  telescope.    The  two  re- 
maining images  of  the  slit,  i.  e.,  spectra  lying  in  contact  one 
above  the  other,  are  polarized  at  right  angles  to  each  other,  and 
4ronsequenth'  by  rotating  the  Nicol  they  may  be  quite  accurately      1 
fnade  of  equal  intensity,  since  the  brightness  of  the  one  increasci^H 
while  that  of  the  other  decreases.    The  adjustable  diaphragm  en-  ^^ 
ables  narrow  and  equal  portions  of  the  sjiectra  to  be  compared. 
If  now  the  light  of  the  object  be  thrown  upon  one  half  of  the 
slit,  while  the  other  half  is  illuminated  l)y  a  standard  source  of 
light,  we  shall  be  able  to  compare  the  intensities  of  the  two 
sources  in  different  portions  of  the  spectrum.    In  this  case  Vogel 
ised  the  direct  light  of  the  Sun,  thrown  on  one-half  of  the  slit  by 

mirror  and  reflecting  prism,  as  a  standard  source. 

Theprimar>rimage  of  theSun  from  the9-in.  Berlin  refractor wafs 
now  projected  upon  the  half-slit,  and  different  portions  of  the 
image  were  brought  upon  it  by  means  of  the  slow  motion  in  de- 
clination, 

•The  values  for  p  =  1 00  are,  of  cotinc,  quite  ttnccrtain,  having;  been  obtAtncd 

by  cat  tni  pal  alio  o. 


JL 
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In  this  way  a  scries  of  comparisons  was  made  between  the 
intensity  for  the  different  colors  at  the  center  of  the  disc  and  at 
different  points  along  the  radius,  and  finally  the  results  were  com- 
bined in  a  curve. 

The  absorption  for  the  photographically  active  rays  was  studied 
by  Dr.  Vogel  (1872)  on  negatives  of  the  Sun,  the  ** density"  of 
which  at  different  points  was  measured  by  comparison  with 
certain  photographically  prepared  scales. 

A  long  and  careful  series  of  measurements  with  the  thermopile 
was  made  by  Professor  Langley  in  1873-4.  The  investigation 
does  not  appear  unfortunately  to  have  ever  been  published  in  full ; 
it  is  referred  to  in  his  paper  *'  The  Solar  Atmosphere,  an  introduc- 
tion to  an  account  of  Researches  made  at  the  Allegheny  Observa- 
tory "  (Am.  Jour.  X  1875),  and  in  Comptes  rendus,  T.  80  and  81 
(1875) ;  in  the  latter  he  gives  the  amounts  of  the  transmitted 
heat  for  four  points  of  the  disk.    They  are  as  follows : 
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The  discrepancies  here  are  so  much  larger  than  the  errors  of 
observation  indicated  by  the  probable  errors  that  they  can  be  ex- 
plained only  by  systematic  errors  on  the  part  of  one  or  both  ob- 
servers, or  by  an  actual  change  in  the  transmission  curve  for  the 
Sun.  Considering  the  character  of  such  observations,  the  former 
supposition  seems  the  more  probable,  and  the  true  values  perhaps 
lie  between  these,  although  I  am  unable  to  account  for  any  sys- 
tematic errors  in  my  observations  which  should  tend  to  give  too 
small  results.  Professor  Vogel  has  given  (Spect.  phot.  Unter- ' 
such.)  a  series  of  values  taken  from  a  curve  which  he  constructed 
from  Secchi's  and  a  few  of  his  own  observations  with  the  thermo- 
pile; he  calls  attention  to  their  uncertainty.  Cruls  and  Lacaille 
published  in  Comptes  rendus,  T.  88, 1879,  the  results  of  their  ther- 
mopile measurements  between  Jan.  9  and  24,  1878. 

They  found  the  heat  radiated  from  the  Southern  hemisphere  of 
the  Sun  to  be  only  three-fourths  of  that  from  the  Northern. 
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These  observations  at  Rio  Janeiro,  of  which  the  details  are  not 
published,  are  not  reconcilable  with  those  of  the  other  observers. 

It  is  an  interesting  point  to  see  whether  the  observations  in- 
dicate a  difference  in  the  thermal  conditions  for  the  poles  and 
equator  and  for  the  Northern  and  Southern  hemispheres.  Secchi 
announced  that  the  Northern  radiated  the  more  and  that  the  re- 
gions above  the  30th  parallel  on  the  Sun  radiated  6  per  cent  less 
than  at  the  equator;  this  amount  however,  lies  inside  the  range 
of  errors  of  his  observations,  Langley  found  that  the  absorp- 
tion  was  precisely  the  same  along  the  four  radii  N,  S»  £and  W. 
Accordingly  I  oriented  the  coordinate  axes  on  the  projecting 
screen  parallel  to  the  daih-  motion,  for  the  obvious  convenience 
in  using  the  slow  motions  of  the  instnmient;  on  three  days,  in 
order  to  test  this  point,  I  adjusted  to  the  Sun's  pole  and  equator. 
The  resulting  average  difference  in  the  transmission  for  two  cor- 
responding positions  N — S  was  less  than  one  and  one-half  per 
cent»  that  for  the  Northern  hemisphere  being  the  greater;  if  all 
the  observations  be  used  (whether  oriented  parallel  to  the 
Earth*s  or  Sun's  equator)  the  average  difference  becomes  +  1»9; 
the  values  for  corresponding  points  on  the  E,  S  and  IF  radii  differ 
on  the  average  by  less  than  one-half  of  one  per  cent.  We  may 
therefore  conclude  that  the  heat  transmitted  trom  the  neighl>or* 
hood  of  the  Sun's  poles  is  at  present  practically  the  same  as  that  j 
from  a  point  on  the  equator  equally  distant  from  the  center  af 
the  disc,  and  that  the  difference  t>etween  the  Northern  and 
Southern  hemispheres,  if  real,  is  exceedingly  smalK 

As  above  stated,  the  computations  gave  the  most  probable 
value  of  I'  =  0.1412»  whence  the  coefficient  of  transmission  of 
the  solar  atmosphere,  which  is  the  intensity  for  ^—  O  express^ 
as  a  fraction  of  the  intensity  (  =  1)  if  there  were  no  absorption^] 
becomes  0.72,  or  in  other  words  only  28  per  cent  of  the  heat  ra- 
diation emitted  from  the  Sun  and  passing  along  its  radius  is  &b-| 
sorbed  in  its  atmosphere.  The  spectral-photometric  observa- 
tions gave  for  this  coefficient  for  the  red  rays  (A.  =  662  f^M)  0.77 
and  for  the  yellow  rays  (A  ^=i  579)  0.66. 

Wc  pass  to  the  consideration  of  the  question:  how  much  more 
heat  should  we  receive  from  tlie  Sun  if  its  atmosphere  were  re- 
moved ?  This  might  be  determined  by  integrating  the  expression 
already  given  tor  the   intensity    at  any  point  of   the    surface, 

I  —  e~  ^^  \  which  as  we  have  seen  nearl^^  represents  the  obscr* 
vations.  It  is,  however,  more  convenient  to  divide  the  Sun's  disc 
into  concentric  zones  of  0.05  of  the  radius  in  width,  and  to 
multiply  the  area  ol  each  zone  by  the  intensity  at  its  middle  point 
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taken  directly  from  the  curve  of  observations,  and  then  sum  up 
these  products.  According  to  our  original  assumption  that  the 
Sun,  deprived  of  its  atmosphere,  would  send  out  its  radiations  to 
us  equally  from  all  portions  of  its  disc,  we  should  have  (the  ra- 
diation at  the  center,  and  the  radius  being  each  called  unity)  for 
the  expression  for  the  total  heat  radiation  I  n  IP  =  7r  =  3.14. 

The  above  process  of  summation,  however,  gives  2.56;  more- 
over we  have  found  that  but  0.72  of  the  emitted  heat  is  trans- 
mitted at  the  center ;  accordingly,  were  its  atmosphere  removed, 
the  amount  of  heat  received  by  us  from  the  Sun  would  become 

IM  ^  0^  ""  ^■'^^  *•'""  greater. 

Professor  Vogel  found  by  this  method  for  the  red  rays  1.54  and 
for  the  violet  rays  2.67,  as  the  factors  by  which  these  luminous 
radiations  would  be  increased  in  the  absence  of  a  solar  atmos- 
phere. Secchi's  results  (computed  after  the  uncorrected  formula 
of  Laplace):  8  for  this  last  mentioned  factor  and  0.32  for  the  co- 
efficient of  transmission,  may  be  mentioned  for  their  historical 
interest.  Langley  has  given  no  precise  statement  of  his  results, 
remarking  that  ''not  greatly  less  or  more  than  one-half  of  the 
whole  luminous  heat  rays  "  are  transmitted  through  the  solar  at- 
mosphere, so  that  this  factor  would  be  about  2  according  to  his 
observations. 

II.    Observations  on  Sun-Spots. 

The  apparatus  remained  unchanged  for  measurements  of  the 
thermal  condition  of  Sun-spots.  Had  this  been  the  chief  object  of 
this  investigation  certain  alterations  would  have  been  made  in 
the  arrangement  of  apparatus.  The  much  greater  magnification 
which  had  to  be  employed  for  spots  necessarily  reduced  the  deflec- 
tions of  the  galvanometer  and  this,  as  well  as  other  obvious 
reasons,  made  the  measurements  much  less  accurate  than  those 
above  given.  As,  however,  both  kinds  of  observations  were  fre- 
quently made  on  the  same  daj-,  practical  considerations  decided 
me  to  leave  the  thermopiles  and  galvanometer  unchanged. 

In  order  to  give  a  clear  idea  of  the  character  of  the  observations 
I  add  the  full  details. 

The  first  column  explains  itself.  Professor  Spoerer  has  kindly 
furnished  me  the  heliographic  latitudes  and  longitudes  of  the 
spots,  as  well  as  the  values  of  p  found  in  the  second  column,  n 
and  p  refer  to  nucleus  and  photosphere,  the  point  of  the  latter 
which  was  observed  being  always  taken  as  near  the  spot  as  pos- 
sible and  so  chosen  as  to  be  at  the  same  distance  from  the  center 
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of  the  disc.  The  deflection,  corrected  for  torsion,  is  given  in  the 
third  column,  and  the  fourth  contains  the  percentage  of  the 
thermal  radiation  from  the  nucleus  of  the  spot  to  that  from  the 
neighboring  photosphere,  the  mean  value  of  which,  p^,  is  given  in 
the  first  column. 

In  cases  where  a  pause  occurred  during  the  observations  this 
percentage  is  taken  as  the  ratio  of  two  successive  measure- 
ments of  12  and  p,  and  is  indicated  by  brackets.  Finally  the  mean 
value  of  the  percentage  or  relative  intensity  i,  is  given  in  the  first 
column  followed  by  its  value,  Z',  when  reduced  to  the  center  of  the 
disc  by  means  of  the  curve  of  absorption. 

Detailed  Observations. 

1891  Sept.  12 

Spot  a.    /?  =  +  14^    A  =130^ 
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Oct.  16 
Spot  £    (lirJdgtd) 
Po  =  44 

189(2  March  21 
Spot  h-     ^  —  +  io«    1  —  l6g^ 

P«  =  66 

'  =  74    1^  =  73 

Maneli  22 
Spotb.    N.  W.  NucleiM. 

Po  =  59 
i  =  74    z'  =  73 


March  22 
Penumbra  of  Spot  b. 
Po  =  6o 

I  =  78     i'  =  76 

•  The  star  indicates  that  a  portion  of  the  penumbra  was  probablj'  included 
■with  the  nucleus. 

A  rather  surprising  result  of  these  observations  was  that  spots 
are  occasionally  relatively  warmer  than  the  surrounding  photo- 
sphere. 

Unless  the  air  was  very  steady,  it  was  difficult  to  be  absolutely 
sure  that  no  portion  of  the  penumbra  was  included  with  the 
nucleus:  were  it  the  case,  however,  it  would  scarcely  account  for 
a  radiation  exceeding  that  of  the  neighboring  photosphere  unless 
it  be  a  real  condition.  I  am  therefore  forced  to  conclude  that  the 
observations  represent  the  true  state  of  afiairs.  The  question  at 
once  arises  whether  these  differences  of  temperature  depend  upon 
the  distance  of  the  spot  from  the  center  of  the  disc,  and  a  reference 
to  the  observations  shows  that  the  two  spots  with  the  highest 
relative  temperature  were  very  near  the  Sun^s  edge.  The  weather 
has  unfortunately  not  permitted  following  a  spot  from  day  to 
da^^as  it  approached  the  edge,  and  da3^s  clear  enough  for  observa- 
tions have  been  scarce.  While  it  would  be  absurd  to  attempt  to 
draw  too  general  conclusions  from  the  few  measurements  made 
here,  yet  it  is  of  interest  to  see  if  the  spots  are  subject  to  the  same 
law  of  al)sorption  as  the  photosphere,  since  we  may  perhaps 
hereby  gain  some  idea  of  their  position  (depth)  in  reference  to  the 
photosphere. 
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Accordingly  I  give  the  following  comparison  of  the  results  for 
diflFerent  days,  the  radiation  of  the  nucleus  being  respectively  re- 
ferred to  that  of  the  surrounding  photosphere  (i),  and  to  that  of 
the  center  of  the  disc  (f ). 
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The  values  of  i  represent  the  temperature  ratio  of  spots  to 
neighboring  photosphere  if  the  absorption  is  the  same  for  both, 
those  of  f,  on  the  contrary,  if  the  spots  suffer  no  absorption 
(more  than  at  the  center  of  the  disc,  i,  e.,  no  absorption  which  is 
a  function  of  /o).  While  now  the  observations  are  unfortunately 
not  sufficient  in  number  to  allow  of  more  than  stating  what  they 
suggest,  I  am  inclined  to  think  that  the  true  condition  lies  be- 
tween the  values  of  i  and  /',  but  more  nearly  the  latter,  since  the 
values  of  i'  coincide  somewhat  better  among  themselves  and  for 
different  spots  than  those  of  /;  since  the  values  of  /'  do  not  show 
the  falling  off  in  intensity  as  the  spot  nears  the  limb  (except  for 
spot  c,  which  was  poorly  determined  on  the  second  day),  which 
would  be  expected  if  the  same  amount  of  absorption  took  place 
for  spots  and  photosphere,  and  finally  since  otherwise  we  should 
be  obliged  to  believe  that  spots  near  the  limb  not  infrequently 
reach  a  higher  temperature  than  the  surrounding  photosphere. 
If  these  data  were  sufficient  to  absolutely  establish  that  the  spots 
are  subject  to  a  considerably  less  absorption  than  the  neighbor- 
ing photosphere,  then  it  would  seem  most  readily  accounted  for 
by  considering  them  to  lie  in  a  higher  stratum  than  the  photo- 
sphere. In  C.  R.  Tome  80,  p.  848  (1875)  Langley  remarks  as 
follows  :**•••  Avec  de  plus  grandes  images  et  un  appareil  perfec- 
tionn€,  je  trouvai  que,  dans  un  anneau  complet  de  la  surface  sol- 
aire,  la  photosphere  encore  brilliante  donnait  prds  du  bord  abso- 
Intement  moins  de  chaleur  que  le  noyau  des  taches.  II  me  fallut 
beaucoup  de  temps  pour  ^tablirce  fait  d'une  mani^re  incontesta- 
ble, car  cet  int^ressant  phdonmSne  ne  peut  etre  bien  observe  qu'a 
moins  de  %  minute  d*arc  du  limbe,et  des  precautions  particulidres 
devaient  ^tre  prises  pour  empecher  qu'aucune  vacillation  de 
rimage  n'affectat  les  mesures.'* 

According  to  my  observations  the  thermal  radiation  from  the 
nucleus  of  an  average  spot  is  about  the  same  as  that  from  an 
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eqnal  area  on  the  Sun's  surface  at  a  distance  of  nine  tenths  of  the 
radius  (ft  =  88)  from  the  center  of  the  disk. 

The  only  e^act  measurements  of  the  thermal  conditions  of  Sun- 
spots  known  to  me  and  available  for  comparison  were  made  by 
Langlcy  in  1874-5  {Monthly  Notices  XXXVII  p,  5).  They  are 
unfortunately  not  published  in  fulL  The  method  was  similar  to 
that  employed  here  except  that  but  one  thermopile  was  used. 

He  states  **  .  .  ,  The  quotient  expresses  the  value  of  the  umbral 
radiations,  in  parts  of  those  of  the  adjacent  photosphere.  The 
decrement  of  heat,  as  we  approach  the  limb,  is,  though  not  ex- 
actly, yet  so  very  nearly,  in  the  same  ratio  for  photosphere  and 
spots»  that  no  correction  is  needed  on  this  account  for  the  present 
observations.  36  measurements  on  umbrae,  and  32  on  penum- 
brae  were  obtained  in  the  autumn  of  1874  and  the  spring  of  1875. 
.  .  ,  The  result  is,  that  taking  the  mean  thermal  photospheric 
radiation  in  the  spot's  vicinity  as  unity,  the  mean  umbral  radia- 
tion is  0.54  ±  0  005,  the  mean  penumbral  0.85  ±  0.01,  These 
probable  errors  include  all  the  discrepancies  due  to  the  greater  or 
less  approach  to  the  limb  in  the  spots  measured,  or  due  to  abso- 
lute differences  in  their  radiation,  as  w^ell  as  the  errors  of  observa- 
tion." 

The  greatest  and  least  values,  among  the  36  which  are  there 
given,  are  0.G3  and  0.43.  Whether  the  separate  measurements 
are  of  different  spots  on  different  days  or  include  the  single  de- 
terminations for  the  same  spot  on  one  day  or  more  is  not  stated. 
The  observations  must  have  been  therefore  made  on  spots  which 
were  not  very  tar  from  the  central  portions  of  the  disc,  for  other- 
wise they  would  be  rather  contradictory  to  those  above  quoted 
from  Comptes  rendus. 

Although  it  seems  to  me  that  the  individual  character  of  Sun* 
spots  is  often  so  diflerent  as  to  make  it  scarcely  allowable  to 
combine  them  together  in  taking  a  mean  value,  yet  for  the  sake 
of  comparison  I  give  the  mean  value  for  the  above  17  day- values, 
reduced  to  the  center  of  the  disc^  viz.  0.70  ^  0.01  ;  referred  to  the 
surrounding  photosphere  this  becomes  0,85  ±  0.02;  52  single 
measurements  on  the  above  given  eight  spots  are  included  in 
these  values. 

Professor  Langley^s  instrumental  equipment  was  ctmsidcrably 
better  than  that  used  here,  and  1  have  no  doubt  that  his  meas- 
urements on  spots  are  superior  to  mine. 

Furthermore,  as  already  stated  in  the  notes,  there  w  as  some- 
times danger  that  a  small  portion  of  the  penumbra  was  included 
with  the  nucleus,  so  that  there  would  be  a  tendency  for  ray  meas- 
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tirements  to  be  too  large.  I  cannot  believe,  however,  that  the 
large  difference  0.16,  or  25  per  cent  of  the  whole  quantity  meas- 
ured, can  be  thus  accounted  for. 

It  may  be  remarked  that  Prof.  Langley's  observations  were 
made  about  three  years  after  a  solar  maximum  while  these  of 
mine  at  about  two  years  after  a  minimum. 

In  our  present  state  of  knowledge  of  this  subject  it  is  impossible 
to  assert  that  the  thermal  conditions  of  spots  (and  perhaps  of 
the  photosphere  and  atmosphere)  are  invariable  during  the  eleven- 
year  period  of  solar  activity,  and  it  is  to  be  hoped  that  the  im- 
portance of  systematic  observations  on  this  subject  may  be  more 
fully  recognized  by  observers  having  favorable  climates  and  ade- 
quate instruments. 

In  conclusion  I  must  express  my  deep  indebtedness  to  Professor 
Vogel  for  the  resources  he  has  so  freely  placed  at  my  disposal  and 
for  the  interested  encouragement  with  which  he  has  followed  my 
work. 

Potsdam,  1892,  June. 
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All  articles  and  correspondence  relating  to  spectroscopy  and  other  subects 
properly  inclnded  in  Astro-Physics,  should  be  addressed  to  George  E.  Hale,  Ken- 
ivood  Observatory,  of  the  University  of  Chicago,  U.  S.  A.  Authors  of  papers 
arc  requested  to  refer  to  page  752  for  information  in  regard  to  illustrations,  re 
print  copies,  etc. 


A  Hew  Ootburst  of  Hova  Aorigae.— The  following  circular  from  the  Wolsing- 
ham  Observatory  was  our  first  intimation  of  the  Nova's  reappearance:  *'Mr. 
H.  Corder  having  informed  me  that  the  Nova  Auriga  has  increased,  it  was  ex- 
amined here  Aug.  21  and  found  to  be  9.2,  8f)ectrum  monochromatic.  One  intense 
line  (500?).  T.  E.  Espin.**  It  is  safe  to  say  that  this  announcement  caused  con- 
siderable surprise  wherever  it  was  received.  At  the  Lick  Observatory  in  April, 
Mr.  Bnmham  had  watched  the  gradual  decline  in  the  star's  brilliancy  until  it 
was  too  low  in  the  west  for  further  observation.  At  that  time  it  was  almost  at 
the  limit  of  vision  with  the  great  telescope,  and  it  seemed  probable  that  it  would 
soon  be  lost  to  view.  Of  early  morning  observations  since  that  time  we  have  no 
information,  and  it  seems  probable  that  no  one  saw  the  star  pass  its  minimum, 
and  rise  again  into  an  easily  visible  object.  In  fact,  the  most  g^erally  accepted 
explanation  of  the  Nova's  first  outburst  is  perhaps  to  some  degree  responsible 
for  the  subsequent  lack  of  observations.  For  the  two  bodies  were  supposed  to 
be  moving  in  hyperbolic  orbits  after  their  close  approach,  and  consequently  no 
second  meeting  could  ever  occur.  But  not  only  does  the  new  outburst  of  light 
make  necessary  a  revision  of  our  ideas  as  to  the  form  of  the  orbits:  still  another 
difficnltj  arises  from  the  discovery  that  we  are  no  longer  dealing  with  a  star,  but 
with  a  nebula.  On  another  page  will  be  found  observations  which  show  that  the 
spectrum  has  undergone  a  complete  change,  and  is  now  quite  of  the  type  charac- 


ieristic  of  ncbula\  Moreover,  the  nebulosity  surrouTiding  the  stellar  fiuclciis  ia 
plainly  visible  to  Mr,  Barnard  with  the  36-inch  Lick  telescope,  and  be  has  found 
its  diameter  to  be  3".  Whether  it  can  be  seen  with  a  smaller  instrument  we  do 
not  yet  know;  wc  observed  the  Kova  on  the  morning  of  Sept,  6  with  Mr.  Bum- 
hstfii,  usin^  the  12  inch  refractor  of  the  Kenwood  Observaton',  and  though  the 
star  was  well  seen  (estimated  by  Mr.  Bwmliam  as  10.4'  mag.)  the  bright  niuun- 
light  would  have  completely  bid  even  a  l>nght  nebulosity.  From  Science  Ob- 
server  Sjiccml  Circular,  No.  97  we  learn  that  Dr.  A.  Kmeger  of  Kiel  found  the 
magnitude  to  be  9.2  on  August  21,  and  9.3  on  August  31,  so  the  star  seems  to 
have  been  decreasing  in  brilliancy.  It  is  stated  in  the  same  circular  that  obser- 
vations of  the  Xova  at  the  Harvard  College  Observatory  show^  a  quite  constaot 
brightness  at  about  10.5  magnitude.  It  is  greatly  to  be  hoped  that  the  bright^ 
fiess  will  not  much  decrease  until  a  sufficient  number  of  visual  and  photographic 
observations  arc  obtained  to  fully  acquaint  us  with  the  character  of  the  spec- 
trum. Professor  Campljell's  determination  of  a  steady  increase  in  rejocity  is  of 
great  interest  and  value,  and  perhaps  our  collected  data  may  ere  long  Ije  com> 
pletc  enough  to  allow  a  solution  of  this  remarkable  stellar  problem. 


Exceptional  Solar  Disturbaoce,— Owing  to  the  fr^-qucnt  disturbaners  in  the 
electrical  and  magnetic  conditions  on  the  earth,  an  account  of  a  marked  di^tttr* 
ba nee  near  the  Sun's  eastern  limb,  [position  angle  130  degrees],  ol>®erved  by  mc 
on  the  morning  of  Thursday,  August  fourth,  might  be  ol  interest  to  some  of 
your  readers.  The  instruments  used  were  the  six-inch  equatorial  of  the  Lick  01> 
scrvatory  and  a  8|x^ctr<>scope  belonging  to  the  Chabot  Observatory,  This  latter 
was  without  micrometer,  so  all  displacements  were  estimated  and  not  mets^ 
ured.  My  attention  was  first  attracted  by  a  marked  distortion  of  the  C  lin«, 
at  about  H^  30'»  Pacific  Standard  Time.  Between  8^  10'"  and  H^  20"\  I  had  been 
watching  the  same  part  of  the  Sun,  but  had  seen  nothing  but  two  small  promt- 
neoces  about  10^  to  20'  Ironi  the  point  which  afterwards  liccame  the  center  of 
disturbance.  From  the  time  that  it  was  first  noticed  until  the  obscrvatiims  were 
discontinued,  the  violence  of  the  disturbance  steadily  decreased.  The  following 
reversals  were  noted  with  a  narrow  tangential  slit,  A  line  was  reversed  at 
about  w*avc-length  7065,  [probably  Young's  first  chromosphenc  line],  6li78.l 
'was  brightly  reversed.  The  C  line  was  very  much  distorted  on  both  sides  and 
looked  very  much  as  in  the  sketch  (which  accom[ianied  the  letter.) 

The  displacements  at  a,  b,  c  and  d  were  estimated  pniportionaUy  to  the  rela> 
tive  positions  of  the  neighboring  lines  and  from  these  displacements  the  velocities 
at  those  [joints  were  found  to  be  as  follows ,  at  a,  S3  miles  per  sec.,  at  c,  73  miles 
per  sec.  both  towards  the  earth ;  and  at  h^  73  miles  per  sec,  at  d,  146  miles  per 
9$ec,  both  away  from  the  earth.  D^  and  D^^  each  showed  a  bright  spot  or  nodule 
on  each  side  of  the  line,  probably  correSfKmdtng  to  c  and  d  of  the  figure;  botli 
lines  were  very  brilliantly  reversed  low  down  in  the  prominence.  D,  was  vio 
lently  disturbed,  showing  nearly  but  not  quite  so  much  motion  as  C  and  lookittg 
very  much  the  same  as  the  C  line.  5316.8  [147+  K]  was  brilliant  near  tlie  Imsie 
of  the  prominence,  />»,  h^  brilliant;  Zj,  very  bright  in  spots,  b^  less  bright  than 
the  other  two  magnesium  lines,  fc,  reversed  to  a  considerable  height  and  enm^ 
paralively  quiescent,  F  very  brilliant  and  very  much  like  the  C  line.  Hx  brilliaiit 
and  showing  considerable  motion  towards  the  violet.  By  9*  40«"  nenrty  all 
disturbance  had  ceased.  I  examined  the  eastern  limb  of  the  Sun  for  spots  bot 
could  see  none  in  the  neighborhood  of  this  disturbance.  h,  C,  LOItti. 
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Professor  Schuster's  Address  before  the  British  Association.— At  the  veo'  sue 
cessful  meeting  of  the  British  Association,  which  was  held  in  Edinburgh  early  in 
Angtist,  we  believe  that  there  were  no  papers  specially  dealing  with  astro-physi 
cal  subjects.  Professor  Schuster's  address  as  President  of  the  Section  of  Mathe- 
matics and  Physics  contained,  however,  some  suggestions  of  such  interest  and 
value  that  we  give  them  in  full  below : 

"Some  of  the  results  recently  brought  to  light  by  investigations  on  the  dis. 
charge  of  electricity  have  interesting  cosmical  applications.  Thus  it  is  found  that 
such  a  discharge  through  any  part  of  a  vessel  containing  a  gas  converts  the 
whole  gas  into  a  conductor.*  The  dissociation  which  we  imagine  to  take  place 
in  a  liquid  before  electrolytic  conduction  takes  place  must  be  artificially  produced 
in  a  gas  by  the  discharge  itself.  We  may  imitate  in  gases  which  have  thus  been 
rendered  conductive  many  of  the  phenomena  hitherto  restricted  to  liquids;  thus  I 
hope  to  bring  to  the  notice  of  this  meeting  cases  of  primary  and  secondary  cells  in 
which  the  electrolyte  is  a  gas.  There  are  other  ways  in  which  a  gas  can  be  put 
into  that  sensitive  state  in  which  we  may  treat  it  as  a  conductor,  and  we  have 
every  reason  to  suppose  that  the  upper  regions  of  our  atmosphere  are  in  this 
state.  The  principal  part  of  the  daily  variation  of  the  magnetic  needle  is  due  to 
causes  lying  outside  the  surface  of  the  earth,  and  is  in  all  probability  only  an 
electro-magnetic  effect  due  to  that  bodily  motion  in  our  atmosphere  which  shows 
itself  in  the  diurnal  changes  of  the  barometer.  A  favorite  idea  of  the  late  Pro- 
fessor Balfour  Stewart  will  thus  probably  be  confirmed.  The  difference  in  the 
diurnal  range  between  times  of  maximum  and  times  of  minimum  Sun-spots  is  ac_ 
counted  for  by  the  fact  that  the  atmosphere  is  a  better  conductor  at  times  of 
maximum  Sun-spots. 

The  mention  of  Sun-spots  raises  a  point  not  altogether  new  to  this  section. 
Careful  observation  of  celestial  phenomena  may  suggest  to  us  the  solution  of 
many  mysteries  which  are  now  puzzling  us.  Consider,  for  instance,  how  long  it 
would  have  taken  to  prove  the  universal  property  of  gravitational  attraction  if 
the  record  of  planetary  motion  had  not  come  to  the  philosopher's  help.  And 
surely  the  most  casual  observation  of  cosmical  effects  teaches  us  how  much  we 
have  yet  to  learn. 

The  statement  of  a  problem  occasionally  helps  to  clear  it  up,  and  I  may  be 
allowed,  therefore,  to  put  before  you  some  questions,  the  solution  of  which 
seems  not  beyond  the  reach  of  our  powers. 

1.  Is  every  large  rotating  mass  a  magnet  ?  If  it  is,  the  Sun  must  be  a  power- 
ful magnet.  The  comets'  tails,  which  eclipse  observations  show  stretching  out 
from  our  Stin  in  all  directions,  probably  consist  of  electric  discharges.  The  effect 
of  a  magnet  on  the  discharge  is  known,  and  careful  investigations  of  the  stream- 
ers of  the  solar  corona  ought  to  give  an  answer  to  the  question  which  I  have 
put.t 

2.  Is  there  sufficient  matter  in  interplanetary  space  to  make  it  a  conductor 
of  electricity  ?  I  believe  the  evidence  to  be  in  favor  of  that  view.  But  the  con- 
ductivity can  only  be  small,  for  otherwise  the  earth  would  gradually  set  itself  to 
rcTolve  about  its  magnetic  pole.  Suppose  the  electric  resistance  of  interplanetary 
space  to  be  so  great  that  no  appreciable  change  in  the  earth's  axis  of  rotation 
conld  have  taken  place  within  historical  times,  is  it  not  possible  that  the  currents 
induced  in  planetary  space   by  the  earth's   revolution   may,  by  their  electro- 


•  An  experiment  by  Hittorf  ( Wicd.  Ana.  VII.  p.  614)  suggested  the  probability  of  this 
fact,  whidi  was  prored  independently  by  Arrbenius  and  myself. 

t  The  efforts  of  Mr.  Bigelow  have  a  bearing  on  this  point,  also  some  remarks  which  I 
hare  made  in  a  lecture  before  the  Royal  Institution  {Proc.  Roy.  Inat.  1891),  but  nothing 
dc<^siTC  can  be  asserted  at  present. 


magnetic  action^  cause  the  secular  variation  of  terrestrial  magnetism  ?  Tberc 
seems  to  me  to  be  here  a  definite  question  capable  of  a  definite  answefi  and  M  6ir 
as  I  can  judge  without  a  strict  mathematical  investigation  the  answer  is  in  the 
affirmative. 

3.  Whnt  is  a  Sun-spot  ?  It  is,  I  beHcve,  generally  assumed  that  it  is  anAto- 
gous  to  one  of  our  cyclones.  The  general  appearance  of  a  Sun-spot  does  not 
show  any  marked  cyclonic  motion,  though  what  wc  eec  is  really  determined  by 
the  distribution  of  temperature  and  not  by  the  bnes  of  flow.  But  a  number  of 
cyclones  clustering  tu;*ether  like  the  Sun-spots  in  a  group  should  move  round  each 
other  in  a  definite  waj-,  and  it  seems  to  me  tiiat  the  close  study  of  the  relali%*c 
pr»sitions  t>f  a  group  of  spots  should  give  decisive  evidence  for  or  against  the  cy- 
clone theory. 

4-.  If  the  spot  is  not  due  to  cyclonic  motion,  is  it  not  possible  that  electric 
discharges  setting  out  from  the  Sun,  and  accelerating  artificially  evaporation  at 
the  Sun's  surface,  might  cool  those  parts  from  which  the  discharge  starts*  and 
thus  produce  a  Sun-spot?  The  effecti*  of  electric  discharges  on  matters  of  solar 
physics  have  already  been  discussed  by  Dr.  Huggins. 

5.  May  not  the  periodicity  of  Sun-spots,  and  the  connection  between  two 
such  dissimilar  phenomena  as  spots  on  the  Sun  and  magnetic  disturbances  oa 
the  earth,  be  due  to  a  periodically  recumng  increase  in  the  electric  conductivitj 
of  the  parts  of  spnce  surrounding  the  Sun  ^  Such  wn  increase  of  eonductiTttj 
might  be  produced  by  meteoric  matter  circulating  round  the  Sun* 

6.  What  causes  the  anomalous  law  of  rotation  of  the  solar  photosphei^  ?  It 
has  long  been  know^n  that  groups  of  spots  at  the  solar  equator  |»erform  their  rcro- 
lution  in  a  shorter  time  than  those  in  a  higher  Utitude:  but  spots  are  disturbances 
whiih  may  have  their  own  proper  motions.  Duncr*  has  shown,  howe%'er,  from 
thv  liisplat-emeut  of  the  Fraunhofer  Hues,  that  the  whole  of  the  layer  which  pro- 
duces these  lines  lullows  the  same  anomalous  law,  the  angular  velocity  at  n  lati- 
tude of  75^  being  30  \)er  cent  less  than  near  the  equator.t  As  uU  causes  acting 
within  the  Sun  might  cause  the  angular  vehjcity  of  the  Sun  to  t»e  smaller  nl  the 
equator  than  at  other  latitudes,  but  could  not  make  it  greater,  the  only  cxplumi- 
tion  oi>en  to  us  is  an  outside  effect  either  by  an  influx  of  meteoric  matter,  as  so^- 
gested  by  Lord  Kelvin,  or  in  some  other  way.  If  we  are  to  trust  Ur.  Witting 's 
result  that  faculff  which  have  their  seat  below  the  photosphere  revolve  in  all 
latitudes  with  the  same  velocity,  which  is  that  of  the  spot  veh>city  in  the  equa- 
torial region,  we  should  have  to  find  a  cause  lV>r  a  retardation  in  higher  Utitisdea 
rather  than  for  an  acceleration  at  the  equator.  The  exceptional  behavior  of  ibc 
solar  surface  seems  to  me  to  deserve  ver5"  careful  attention  from  stilur  phrsicistm» 
Its  explanation  will  probably  carry  with  it  that  of  many  other  phenomenA. 


A  National  Physical  Laboratory.^In  an  able  paper  on  this  subject  (see  the 
Ptdagogic&l  Scminan\  Vol,  II,  No.  1,)  Dr.  Arthur  Webster  of  Clark  Uniiretwty 
urges  that  the  United  States  Government  should  follow  the  example  set  by  Gcf* 
many^  and  establish  a  National  Physical  Laboratory  on  a  scale  eommensurntr 
with  the  importance  of  such  an  institution.  The  subject  is  one  which  has  already 
received  considerable  attention  in  England,  where  the  situation  is  very  similar  lo 
that  existing  in  this  country.  Professor  Oliver  Lodge  was  one  of  the  first  to  cat^ 
attention  to  it  there,  and  his  suggestions  at  the  CardiH*  meeting  of  the  British  haT 
sodation  a  year  ago  were  followed  up  this  year  at  Edinburgh  by  a  general  diacsft- 

•  Ocfver*,  af  Kongl.  Vcterrk.  Ak.  ForhandK.  47.  1S90. 

f  Atttioufrh  the  importance  of  M   Duner'«  retijlt»  would  t-    '        -  ' 
gatioo  dctirablc,  the  meaBtirements  of  Mr    Crew,  who  by  Sk 
at  other  results,  cannot  have  much  weight  as  compared  witTi  . 


fident  fa^etti* 
thru!  arriTt<l 
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8ion,  io  which  Professor  von  Helmholtz,  the  distinguished  Director  of  the  National 
Physical  Laboratory  of  Germany,  was  a  prominent  participant.  The  speakers 
found  no  difficulty  in  adducing  weighty  reasons  in  favor  of  the  proposed  measure, 
though  Professor  Fitzgerald's  expression  of  doubt  as  to  whether  the  House  of 
Commons  is  sufficiently  educated  to  understand  that  the  advance  of  scientific 
work  is  of  national  value  made  plain  the  serious  difficulty  of  accomplishing  the  de- 
sired result.  But  while  it  might  be  impossible  to  convince  the  House  of  Commons 
or  our  own  House  of  Representatives  that  a  large  appropriation  would  be  many 
times  returned  in  the  nation's  advance  in  pure  science,  it  would  seem  that  the 
technical  side  of  the  subject  might  be  urged  with  a  better  hope  of  success.  The 
need  of  Government  standardization  of  electrical  instruments  becomes  daily  more 
apparent,  and  Professor  Webster  has  forcibly  presented  this  aspect  of  the  ques- 
tion in  the  paper  to  which  we  have  alluded.  We  heartily  second  the  views  he  has 
expressed,  and  hope  that  American  physicists  may  unite  to  present  this  impor- 
tant subject  to  Congress. 


Progress  in  SoUr  Photography  at  the  Kenwood  Observatory.— The  sudden  out- 
burst on  the  Sun  photographed  at  the  Kenwood  Observatory  of  the  University 
of  Chicago  on  July  15  having  emphasized  the  importance  of  securing  a  practi- 
cally continuous  record  of  the  condition  of  the  solar  surface.  Professor  Hale  has 
devised  a  new  form  of  spectroheliograph  for  this  purpose.  The  instrument  is 
radically  different  in  design  from  the  one  now  in  use,  and  the  form  of  construc- 
tion is  greatly  simplified.  An  automatic  arrangement  has  been  added,  which 
will  allow  photographs  of  the  Sun,  showing  spots,  faculs  and  prominences, 
to  be  taken  at  any  desired  interval  throughout  the  day,  the  instrument  requir- 
ing no  attention  after  once  being  set  in  operation. 


The  Distribntion  of  Sun-Spots  in  SoUr  Latitude.— In  the  July  number  of 
Knowledge  Mr.  E.  W.  Maunder  has  an  interesting  paper  under  the  above  title. 
By  means  of  a  series  of  novel  diagrams  he  illustrates  the  gradual  change  in  lati- 
tude from  minimum  to  maximum  spot-period,  and  concludes  **  that  these  various 
relations— the  sudden  appearance  of  the  spots  of  a  new  cycle  in  high  latitudes,  . 
the  persistent  decline  in  latitude  of  the  general  spotted  area  as  the  cycle  pro- 
gresses, and  the  drift  in  latitude  of  individual  groups — seem  to  me  absolutely 
fatal  to  the  idea,  once  popular,  that  the  secret  of  solar  disturbances  lies  without 
the  Sun;  in  the  relative  positions  of  the  planets,  for  example,  or  in  the  fall  of 
meteorites."  This  view  receives  a  strong  confirmation,  as  Mr.  Maunder  points 
out,  in  the  fact  that  outbreaks  often  recur  in  the  same  regions  after  considerable 
intervals  of  time. 


Hew  Obeenratories.— Prom  rAstronomie  for  August  we  learn  that  M.  Bis- 
chofisheim,  the  founder  of  the  Nice  Observatory,  is  about  to  construct  an  Obser- 
vatory on  the  summit  of  Mt.  Monnier  in  the  Maritime  Alps.  The  elevation  is 
2800  meters.  9200  feet,  considerably  greater  than  that  of  Nice. 

A  new  Oliservatory,  d'Abbas-Touman,  has  been  opened  in  Trans  Caucasia,  in 
latitude  4.1®  -^6'  north,  longitude  40^  32'  east  from  Paris.  It  was  founded  by 
the  Grand-Duke  Georges  MikhaTlowitch  and  is  at  a  considerable  elevation.  M. 
Glasenapp,  Professor  of  Astronomy  in  the  University  of  St.  Petersburg,  has  been 
charged  with  the  mounting  of  the  instruments  and  has  already  installed  a  ten- 
inch  refractor. 
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Mercury  w  ill  be  at  greatest  elongation  cast  from  the  Sun,  21^  SS'.Xov.  23.  It 
wilt  then  set  about  an  hour  later  than  the  Sun.  Its  low  ultitudc  mil  be  tinfkv- 
orabk  to  day  observations  of  the  planet. 

Veaus  will  be  in  good  position  for  observation  just  before  sunrise,  Sbr  will 
be  in  conjuction  with  the  Moon  Nov.  15  at  4**  (»7**'  iv  ai.  AVc  had  a  s^plendid  view 
of  this  planet  on  the  mominjr  of  Sept,  5,  The  phase  was  slightly  crescent  and  at 
the  cusps  there  were  two  oval  white  patches  which  seemed  to  stand  out  like  the 
polar  caps  of  Mars,  Near  the  center  a  large  du&ky  shading  had  th**  up{>cnrtinct 
of  a  real  marking  on  the  planet. 

Mmrs  during  Novcmlx*r  will  be  getting  pretty  well  toward  tiiv  wv^^i  ,n  Liic 
evening,  but  as  his  declination  will  increase  rapidly  his  position  will  l>e  Ijetier  hn 
observation  than  it  is  at  present.  The  diameter  of  his  disk  will  decrease  during 
the  month  from  14"  to  10".  Mars  will  l>e  in  conjunction  with  the  Moon  Nov,  27 
at  11  A.  M. 

The  months  of  August  and  Septembrr  of  course  have  been  the  great  mouthi 
for  observation  of  Mars*  and  clscwljcrc  in  this  journal  will  be  found  much  concern- 
ing it,  but  the  position  of  the  planet  will  be  more  favorable  to  northern  observer* 
a  little  later,  so  that  we  may  expect  still  further  results.  Clouds  prevented  u» 
from  observing  the  occultation  of  Mars  on  the  morning  of  Sept.  4. 

Jupiter  will  be  in  his  l>est  position  for  observation  during  the  month  of  No- 
veml>er,  crossing  the  meridian  at  a  high  altitude  early  in  the  night.  There  will  be 
two  occultations  of  Jupiter  during  this  month,  tlu:  conjunctions  occurring  Nov.  2 
at  5  p.  M.  and  Nov.  29  at  midni>^hl,  central  time.  These  will  1^  visible  as  occuU 
talions  only  in  equatorial  and  southern  latiiudei^.  As  stcn  m  our  latitude  the 
Moon  will  pass  to  the  south  <jf  Jupiter  in  both  instances. 

The  great  red  spot  has  about  the  same  api^earance  as  during  last  year  and  it 
equfllU*  conspicuous.    It  came  to  the  central  meridian  of  the  planet  nt  the  pre 
dieted  lime  Sept.  14,  so  that  the  ephemeris  which  we  give  of  its  meridian  pasaaj 
may  be  considered  correct. 

One  of  the  n^ost  injportant  astronomical  discoveries  of  this  century  has  just 
iKfcn  made  by  Mr.  E.  E.  Barnard  with  the  36  in.  equatoritil  ol  Ltck  Observatory, 
the  discovery  of  a  fifth  sateilitc  of  Jupiter.  Probably  no  planet  h4is  been  examined 
more  frequently  and  more  thoroughly  with  tclescojjcs  ot  alt  kinds  and  sixes  than 
has  Jupiter.  Vet  no  satellites  have  Ix-cn  added  to  the  lour  which  were  discoTcred 
by  Galileo  with  the  first  telescope  in  January  16UI.  The  new  satellite  is  of  the 
13th  magnitude  so  that  it  can  be  seen  only  with  large  telescopes  and  with  greiit 
difficulty  Ijwrcauscof  the  glare  of  the  planet,  Its  greatest  distance  from  the  limb 
of  the  planet  is  about  equal  to  the  planet's  diameter. 

5aturrj  is  a  morning  planet  visible  fur  about  three  hours  Ijclbre  sunrise. 

Uraaus  will  be  at  conjunction  with  the  Sun  Oct,  29,  and  will  be  hidden  by  the 
solar  rays  during  November. 

Neptune  is  in  good  p4>sition  for  observatioii  after  midnight.  He  comes  to  «>{>• 
position  on  the  first  day  of  Decern Ijcr. 
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MERCURY. 

Date.                  R.  . 

Decl. 

Rises. 

Transits. 

Sets. 

1892.               h        m 

O           f 

h      m 

h        m 

h    m 

Nov.    5  ....15  51.4 

-22  09 

8  20  A.  M. 

12  49.6  P.  m. 

5  19  P.M. 

15 16  50.9 

-  25  02 

8  55     " 

1   09.6     ** 

5  25    •* 

25 17  40.5 

-  25  39 

9  08     ** 
VENUS. 

1    19.8     *• 

5  32     " 

Nov.    5 12  12.5 

+    0  21 

3  06  A.  M. 

9  11.2  a.m. 

3  16  p.m. 

15 12  56.7 

-     4  03 

3   28     ** 

9   15.9     *' 

3  03     " 

25 13  41.8 

-     8  26 

3   52     •' 
MARS. 

9  21.7     ** 

2  52     " 

Nov.    5 22  04.1 

-  14  01 

1  54  p.m. 

7  01.2  p.m. 

12  08  a.m. 

15 22  25.2 

-  11  36 

1    26     •• 

6  42.?     ** 

12  OOmdn 

25 22  47.1 

-     9  02 

12  58     •* 
JUPITER. 

6  25.4     " 

11  53  p.m. 

Nov.    5 1  04.5 

+    5   11 

3  31  p.  M. 

10  Ol.l  p.  m. 

4  25  a.m. 

15 1  Ol.O 

+    4  52 

2  56     *• 

9  18.2     ** 

3  41    " 

25 0  58.6 

-h    4  40 

2  15     ** 

8  36.7     " 

2  58    " 

• 

SATURN. 

Nov.    5 12  32.9 

-     1   10 

3  34  A.  M. 

9  32.8  a.m. 

3  32  P.M. 

15 12  36.7 

-     1   33 

3  00     * 

8  57.3     •* 

2  55    " 

25 12  40.3 

-     1   54 

2  28     " 
URANUS. 

8  21.4     ** 

2  20    " 

Nov.    5 14  18.5 

-13  23 

6  08  A.  M. 

11   18.1a.m. 

4  28  p.m. 

15. 14  20.9 

-13  35 

5  31      * 

10  40.2     " 

3  49    " 

25 14  23.2 

-  13  47 

4  56     *• 
NEPTUNE. 

10  03.3     •* 

3   11    " 

Nov.    5 4  36.9 

+  20  28 

6  03  p.  .M. 

1  32.9  a.m. 

9  03  A.M. 

15 4  35.8 

H-20  25 

5  23     *• 

12  52.5     " 

8  22     " 

25 4  34.6 

+  20  23 

4  43     ** 

THE  SUN. 

12  12.0     " 

7  41    " 

Nov.    5 14-45.4 

-15  59 

6  44  A.  M. 

11  43.7  a.m. 

4  43  P.  M. 

15 15  26.0 

-18  45 

6  58     ** 

11  44.9    " 

4  32     •* 

25 16  08.0 

-20  57 

7  09     '• 

11  47.4     * 
e  Algol  Type. 

4  24     •• 

Minima  of  Variable  Stars  of  th 

U  CEPHEI. 

ALGOL  Co.NT. 

R.  CANIS  MAJ..  CoNT. 

R.  A (^  52« 

?2'      Nov.  20     11  p.  M. 

Nov.  20 

1  A.  M. 

Ded +  81*» 

17' 

23        8    ** 

21 

4    ** 

Period 2d  11»>  50" 

26        4    " 

26 

9  P.  M. 

Nov.    4       6  p.m. 

27 

12  midn. 

9       5    '* 
14       6    " 
17       4  a.m. 

R.  CANIS  MAJORIS.                    29 
R.  A 1^  14"»  30-                 ^^ 

3  a.m. 
6    " 

22       4    " 

Decl.... 

—16° 

11'                     YCYGNL 

27        4    " 

Period 

lt/03»»16» 

Nov. 

1          9  P.  M. 

R.  A 

20»»47«40« 

ALGOL. 

3          1  A.  M. 

Decl 

+  34°  15' 

R.A 3»»01» 

01' 

4        4** 

Period 

lc/ll»»56» 

Decl -f  40° 

32' 

9        8  p.  M. 

Nov.    1 

11  p.  M. 

Period 2d  20»»  49" 

10      11     " 

7 

11      '* 

Nov.      3       6  p.  M. 

12        2  a.m. 

13 

11      " 

15       5  a.m. 

13        5    '* 

19 

10      " 

18        2    " 

18       10  p.  M. 

25 
e  Moon. 

10      " 

Phases  and  Aspects  of  th 

d        h    m 

Full  Moon 

Nov.     4        9  4 
"4        9  5 

9    A.  M. 

Perigee 
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Configuration  of  Jupiter's  Satellites  at  10:30  p.  m.  Central  Time 
Nov.  Nov.  Nov. 

1  43209                     II             I2043                  21  3CI24 

2  4I029                 12            24013                  22  32104 

3  04123           13         41302                      23  32014 

4  12034                  14            43012                  24  032  4# 
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Occulutions  Visible  at  Washington. 

IMMERSION  BMBRSION 

Date  Star's  Magnl-    Washing-     Angle  Washing-    Angle 

1892.                Name.            tude.       ton  M.  t.    f  m  N  pt.   ton  M.  T.  f  m  N  pt  Duration. 

hm  "  hni  *>  hm 

Nov.  2     96Piscium 7        14    47        121  15    18        183  0  31 

11     42  Lconis 6        11    07        143  11    49        249  0  42 

13  b  Virginis 6        14    58        106  16    04       313  1  06 

14  Saturn 15    19       160  16    08       260  0  48 

21     £  Sagittani 5          5    24         32  6    06       320  0  42 

25    35  Capricomi....  6          5    31          59  6    52       239  0  21 

27     ^  Capricomi....  4        11    24          32  12    17        264  0  53 

30     oPiacium 4          6    35          45  7    45        239  1  10 


Oocoltation  of  Kars,  Sept.  3, 1892.— This  was  observed  at  the  Chamberlain  Ob- 
servatory by  Mr.  H.  L.  Shattuck,  Mr.  O.  F.  Shattuck  and  myself.  Mr.  H.  L. 
Shattnck  used  a  2-inch  telescope  with  a  magnifying  power  of  30  diameters;  Mr. 
O.  P.  Shattuck,  a  5-inch  with  a  power  of  80,  and  I,  a  6-inch  with  a  power  of  170. 

The  latitude  and  longitude  are  39°  40'  36".4  and  6»»  59"  47'.63  (from  Green- 
wich).   The  local  mean  times  of  the  phases  are  given  below.    At  first  contact, 
the  telescope  of  O.  F.  S.  was  shaking  so  that  he  could  not  get  distinct  vision  and 
estimated  his  time  as  5  seconds  slow.    The  atmospheric  conditions  were  good. 
1st  Contact.  2nd  Contact.  3rd  Contact.         4th  Contact. 

hms  hms  hms  hms 

O.  P.  S.        10    45    40.4  10    46    29.1  12    2    10.8        12    2    53.8 
H.  L.  S.                                                      27.1  11.8 

H.  A.  H.  35.7  28.4  10.6  53.4 

University  Park,  Colo.  Herbert  a.  howe. 


Partial  Sdipse  of  the  Sun,  Oct.  so.— We  call  attention  again  to  this  eclipse 
which  was  mentioned  in  our  last  number.  The  eclipse  will  be  visible  throughout 
almost  the  whole  of  North  America.  At  Northiield  the  eclipse  will  begin  at  10^ 
32"  53*  A.  M.  and  end  at  l**  25"  18'  p.  31.  central  time.  First  contact  will  occur 
at  a  point  28.8**  to  the  west,  and  last  contact  97.6®  to  the  east,  of  the  north  point 
of  the  solar  disk.  At  the  middle  of  the  eclipse  at  Nortbfield  about  half  the  Sun*s 
diameter  will  be  covered  by  the  moon.  At  Albany  the  eclipse  will  begin  at  12*^ 
02">  41*  and  end  at  3'*  OS"  39'  p.  m.  eastern  time,  the  contacts  occurring  at  points 
34®  west  and  106°  east  from  the  north  point  of  the  Sun's  disk. 


Vew  Minor  Planet  1892  A  (Wolf).— A  new  minor  planet  of  the  twelfth  magni. 
tnde  was  discovered  photographically  by  Wolf  at  Heidelberg.  It  was  observed 
by  Palisa  at  Vienna.  Aug.  26.  lO**  52">:  R.  A.  22*'  42™  16*;  Decl.  —10®  22'. 
Daily  motion  —  U*  and  —  3'. 
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comwT  iicrm^ 


&^  Mr.  W.  R   Brookiof 
Ikd.  31"  52".    The  dk. 

A&it'  3t  mad  the  pos^ 

?(^»        Datr        Gr.  M.  T.  K.  A.  DbcL.  OtMcrrer  Place 

1  Aug,  31    20  07  46       6  06  50.44       -h  31  40  38^      WOwn        KorthfieM 

2  Se|)C     1    17  49  43       6  09  01.66  31  35  51^      WendeU      Cambridge 

3  1  19  47  26  6  09  15.»  31  35 19.0  Waaon  Nortbfield 

4  2  19  42  44  6 11  42.48  31  29  39.6  WendcH  Cambridge 

5  4  2  29  46  6  14  45.7  31  22  5U  Barnard  Lick  Obs. 

6  4  21  37  43  6  16  56.70  31  17  08.8  Wilson  Nortbtield 

Since  tbe  last  date  doodr  weather  and  moonfigfat  hare  prevented  obsenra- 
tions  so  that  no  good  elements  of  the  orbit  are  jet  possible.  The  following  rough 
elements  were  computed  br  Mr.  A.  G.  Scraslian  and  mrself,  nsing  for  the  first  set 
my  own  obserrations  alone.  As  these  gare  Terr  nneqnal  intervals  of  time  tbe 
results  were  not  satisiactorr.  When  the  Sdenoe  Obatrrer  Circular  No.  97  arrived 
containing  Mr.  Wendell's  observations,  we  made  a  new  computation  nsing  the 
observations  nnmbercd  1,  4  and  6  and  obtained  the  second  set  of  elements: 


1 

11 

T    =1892.  Dec. 

22.80 

1892.  Dec.  9.31  Gr.  m.  t. 

n    =165^  28' 

182«  11\ 

«   =263   27 

284   37 

M   =262   06 

257   35  [  1«92.0 

/    =    27    00 

31    57 

q    =0.7962 

0.4764 

These  elements  agree  as  well  perhaps  as  conid  be  expected,  considering  the 
shortness  of  the  arc  described  by  the  comet,  only  a  little  over  1°  of  heliocentric 
longitude,  with  those  found  by  Berherich  from  observations  Sept.  1,  4  and  6. 

T  =  1892    Dec.  19.69  Gr.  M.  T. 
CD  —  269°     24'  1 
w  =  261      03        1892.0 
/  =27      57    ) 
q  =  0.6991 

It  will  l)e  seen  that  there  is  considerable  uncertainty  as  to  the  comet's  peri- 
helion distance,  and  therefore  as  to  its  brightness  and  visibility  during  the  com- 
ing months.  From  the  following  ephemeris  computed  by  Mr.  Sivaslian  from  ele- 
ments II,  it  seems  certain  that  the  comet  will  be  much  brighter  than  it  now  is. 
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30.5 
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9.9214 
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Sphemeris  of  Comet  1 89a    ( Winnecke ) . 

(From  Astr.  Nach.  No.  3112). 

App.  R.  A.  App.  Decl.  log  r         log  ^  Br. 

b     m         s  6       /        // 

1892  Oct.     I  I     30  09.0  -  30     30  54 

2  28  12.8  21  08 

3  26  19.2  10  57 

4  24  28.4  30    GO  21             0.2068        9.8395         0.807 

5  22  40.4  29    49  21 

6  ^o  55.3  37  59 

7  19  >3'  26  15 

8  17  33.8  14  10            0.2176        9.8658        0.681 

9  «5     57.5  29    01     46 

10  14  24.1  28    49  03 

11  12  53.7  36  03 

12  II  26.3  22  46  0.2280        9.8922        0.574 

13  10  01.9  28    09  13 

14  8  40.6  27     55  25 

15  7  22.2  41  24 

16  6  06.8  27  09            0.2382        9*9185        0.485 

17  4  54.4  27     12  42 

18  3  44.9  26    58  04 

19  2  38.4  43  IS 

20  I  34.9  28  16            0.2480        9.9448        0.411 

21  I      o    34.3  26     13    08 

22  o    59    36.6  25     57    52 

23  $8  41.8  42  28 

24  57  49.8  26  58            0.2576        99709        0-349 

25  57  00.6  25     II  20 

26  56  14.2  24     55  38 

27  55  30.6  39  50 

28  54  49.6  23  58            0.2670        9.9967        0.297 

29  54  1 1.2  24    08  03 

30  53  35-5  23    52  05 

31  53  02.3  36  04 

Nov.     I  52  31.5  20  01  0.2760        0.0222        0.253 

2  52  03.3  23    03  56 

3  51  37.4  22    47  50 

4  5>  >3-9  31  43 

5  50  52.7  22     15  36  0.2849        0.0472        0.216 

6  50  33-7  21     59  29 

7  50  16.9  43  22 

8  50  02.2  27  16 

9  49  49.7  21     II  II  0.2935         0.0718        0.186 

10  49  39.2  20     55  07 

11  49  30.8                          39  04 

12  49  24.4                          23  03 

13  49  19.9  20    07  06            0.3019        0.0960        0.160 

14  49  17.3  19     51  06 

15  o    49     16.6  -    19    35     10 

COBket  1893  I.— Swift's  comet  is  still  an  easy  object  in  small  telescopes.  On 
the  evening  of  Sept.  20  it  was  quite  conspicuous  in  our  5-inch  finder.  It  has  a 
well  defined  nucleus  and  short  broad  tail.  It  is  now  in  the  southern  part  of  the 
constellation  Cassiopeia  and  moving  slowly  southwest. 

In  Asw.  Nach.  3110  Mr.  Bcrberich  gives  elliptic  elements  of  this  comet  de- 
pending on  observations  of  March  8,  April  10.  May  12  and  July  12.  The  best 
parabola  gave  residuals  of  28"  and  20"  in  the  latitudes  of  the  middle  places, 
while  the  ellipse  gave  very  small  residuals. 

On  the  other  hand,  Miss  P.  Gertrude  Wentworth  {Astr.  Jour.  No.  273).  using 
obsenrattons  of  several  observers  on  the  dates  March  7,  May  4  and  June  29,  finds 
parabolic  denicnts  completely  representing  the  observations.  The  following 
ephcmeris  calcnlated  by  Miss  Wentworth  is  taken  from  Astr.  Jour.,  No.  274. 


£phem«ri3  of  Comet  1S92  I  (Swift.) 
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0.3070  *)  050 


0,3146  0.0^6 


03270  0,041 


0.3320  0.040 


0,3415  0.U37 


NEWS  AND   NOTES. 


Foreign  subscribers  are  reminded  that  money  orders  mny  be  drawn  on  Kortb^ 
field  as  its  post  office  bas  recently  been  made  a  foreign  money  order  office. 


The  Sidereal  Messenger  forms  one  series  of  this  publication  consisting  often 
volumns  covering  a  f^riod  from  1882  to  the  end  of  1891.  Astronomy  axij  Astro* 
I'jivsjcs  began  with  January  1892.  The  volume  for  this  year,  the  first  in  the 
new  sencs,  will  cuntain  about  1,000  pages  with  nearly  fifty  fnll  page  plate  en- 
graA'^ings.  

The  Planet  Mars.  VVc  have  given  large  spnce  in  this  number,  to  recent  studies 
of  the  planet  Mars  by  some  of  the  best  astronomers  in  this  country.  Oar  renden* 
will  find  it  all  most  valuable  matter,  but  wholJy  devoid  of  all  that  highly  scnsn- 
tionat  and  imaginative  display  of  knowledge  about  the  jxropJc  of  Mars  which  bat 
ap|3earcd  so  constantly  in  the  daily  pajxrrs  during  the  last  sixty  days. 


Is  Mars  Inhabited  ?— Whether  the  planet  is  inhabited  or  not*  seems  to  have 
been  the  all  absorbing  question,  every  where  in  popular  thought  and  expression. 
With  the  astronomer  this  query  is  almoitt  the  last  ihinff  about  the  pturiet  that  he 
would  think  of  when  he  has  an  npporiunity  to  study  it*  surface  markings  nt  such 
a  favorable  opposition  as  that  which  has  recently  post.  Ko  astronomer  clainiii 
_to  know  whether  the  planet  is  inhabited  or  not.  The  chief  thing  that  he  is  after 
to  see  all  he  possit»ly  can  of  detail  markings  ou  the  planet's  sudnce,  measure 
nd  map  as  much  as  he  can  be  sure  of  by  rciwatcd  observation.  TMs  is  pains- 
taking, and  very  taljorious  work,  courageously  pursued  every  favorable  night  ns 
long  as  the  planet  is  within  reach  of  the  trlescope.  Under  such  circum^ldmce* 
the  astronomer  would  not  have  much  to  say  about  the  people  of  Mars^  howevtr 
pointedly  he  might  be  i|uesti«mcd.  This  lirings  to  mind  tlie  report  Uiat  hnii  bcea 
circulated  far  and  near»  that  we  have  said  **  Mars  is  nndoubtedly  inhAbttcd  '*  He 
hare  rwvcr  madt  Any  Buch  statement. 
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An  Aoconnt  of  the  Diaoorery  of  a  Fifth  Satellite  to  Jnpiter.— I  am  glad  to  write 
some  account  of  the  discovery  of  the  fifth  satellite  of  Jupiter  for  Astronomy  and 
A8TBO>Phy8IC8,  as  telegraphically  requested  by  the  editor. 

I  have  already  sent  to  Dr.  Gould  for  the  Astronomical  Joarnal  all  my  micro- 
metrical  observations  so  far  obtained  of  the  satellite  and  a  short  account  (which 
will  be  a  historical  record)  of  the  conditions  of  the  discovery.  It  is  unnecessary 
(or  me  to  go  into  those  same  details  here,  as  they  will  be  found  on  record  in  the 
])ages  of  the  Astronomical  Journal. 

Friday  being  m3'  night  with  the  36-inch  telescope,  after  observing  Mars  and 
measuring  the  positions  of  his  satellites,  I  began  an  examination  of  the  region 
immediatcl3'  about  the  planet  Jupiter.  At  12  o'clock  as  near  as  may  be,  to 
within  a  few  minutes,  I  detected  a  tiny  point  of  light  close  following  the  planet 
and  near  the  3rd  satellite  which  was  approaching  transit.  I  immediately  sus- 
pected it  was  an  unknown  satellite  and  at  once  began  measuring  its  position- 
angle  and  distance  from  the  3rd  satellite.  On  the  spur  of  the  moment,  this 
seemed  to  be  the  only  method  of  securing  a  position  of  the  new  object,  for 
upon  bringing  the  slightest  trace  of  the  planet  in  the  field  the  little  point  of  light 
was  instantly  lost. 

I  got  two  sets  of  distances  and  one  set  of  position-angles,  and  then  attempted 
to  refer  it  to  Jupiter  but  found  that  one  of  the  wires  of  the  micrometer  was  broken 
out  and  the  other  loose.  Belorc  anything  could  be  done  the  object  rapidly 
disappeared  in  the  glare  of  Jupiter.  From  the  fact  that  it  was  not  left  behind  by 
the  planet  in  its  motion,  I  was  convinced  that  the  object  was  a  satellite.  A  care- 
ful watch  was  kept  at  the  preceding  limb  of  the  planet  for  the  reappearance  of 
the  satellite,  but  up  to  daylight  it  could  not  be  seen. 

Though  positive  that  a  new  satellite  had  l)een  found,  extreme  caution  sug- 
gested that  it  would  be  better  to  wait  for  a  careful  verification  before  making 
any  announcement. 

The  following  night  with  the  36-inch  belonging  to  Professor  Schaeberle,  he 
kindly  gave  it  up  to  me,  and  shortly  before  midnight  the  satellite  was  again  de- 
tected rapidly  leaving  the  planet  on  the  following  side.  That  morning  I  had  put 
new  wires  in  the  micrometer,  and  now  began  a  series  of  careful  measures  for 
position.  As  1  ha\'e  said,  the  satellite  was  so  small  that  no  trace  of  Jupiter  could 
be  admitted  into  the  field  for  reference  in  the  measures.  It  was  necessary,  there- 
fore, to  bisect  the  satellite,  with  the  planet  out  of  the  field,  and  then  by  sliding 
the  eye-piece  bring  the  limb  of  Jupiter  into  view  and  bisect  it.  This  method  did 
not  permit  any  measures  from  the  polar  limbs  of  Jupiter.  Following  the  satellite 
thus,  it  was  seen  to  recede  fi-om  the  planet  to  a  distance  of  some  36"  from  the 
limb  when  it  gradually  became  stationary.  Remaining  so  for  a  while  it  began 
once  more  to  approach  the  planet  and  rapidly  disappeared  in  the  glow  near  the 
limb.  The  measures,  repeated  as  rapidly  as  possible,  thoroughl}'  covered  the 
elongation,  and  gave  the  means  of  approximating  to  its  period. 

The  following  morning  a  telegram  was  sent  out  announcing  the  discovery. 
Subsequent  olwervations  have  thoroughly  confirmed  the  discovery. 

On  account  of  its  extreme  closeness  to  the  planet  it  is  difficult  to  saj'  just 
what  its  magnitude  is.  Taking  everything  into  account,  I  have  provisionally  as- 
signed it  as  thirteenth  magnitude.  I  hope  to  be  able  to  settle  definitely  this  ques- 
tion by  obser^Hng  some  little  star  near  Jupiter  and  then  afterwards  determining 
its  magnitude  when  the  planet  has  left  it.  Until  this  is  settled,  any  estimate  of 
the  actual  size  of  the  satellite  must  be  the  merest  guess,  but  it  will  probably  be 
found  to  not  exceed  KM)  miles  in  diameter,  and  perhaps  less  than  that. 

After  fhe  first  few  obscn-ations  I  inserted  a  piece  of  smoked  mica  in  the  eye- 


piece,  and  nstnj^  this  as  an  occulting  bar*  the  measures  were  made  with  case  and 
accuracy.  Careful  measures  thvis  made  from  the  polar  limbs  for  the  Jo%4centric 
(ttitude  of  Che  satellite,  show  that  its  orbit  lies  sensibly  in  the  plane  of  Jnpitrr'« 
:)uator  and  that  conKcqucnily  the  sutctlite  ii»  not  a  new  addition  to  the  Jo  van 
family^  since  it  would  doubtless  rerjuirc  ages  for  the  orbit  to  Ix'  so  adjusted  i^  the 
object  were  a  capture. 

A  sufficiently  long  interval  has  not  3'et  elapsed  to  permit  an  accurate  deter* 
miuation  of  the  jieriodic  time  of  the  ne%v  satellite,  but  using  three  of  the  mcasared 
elongations  and  the  known  mass  of  Jupiter  1  have  deduced  the  fallowint:  npproxi- 
niations  to  the  period,  by  the  formula :  ! 

P  =  P\M    r. 
where  m  and  M  arc  the  masses  of  the  Earth  and  Jupiter*  and  p  and  r  the  t*c^riod 
and  distance  of  our  Moon,  R  in  the  three  cases  being  derived  from  the  direct  meoS' 
ures  and  having  the  following  values: 

112,250  miles  Periodic  Time  =:  11*'    +7  G"" 

112,7r»(>    '*  11      52.3 

tl2.4UU    "  n      49.n 

Hence  the  mean  of  these— if  -i-UJi*"— will  not  )»:  tar  from  the  truth,  us  it 
cms  to  satisfy  the  mass  of  Jupiter. 

It  will  l>c  thus  seen  that  this  new  sateUitc  makes  two  revolutions  in  one  day, 
and  that  its  periodic  time  about  the  planet  is  less  than  two  hours  longer  th«in  the 
axial  rotntion  of  Jupiter,  Excepting  the  inner  satellite  of  Mars  it  Is  the  most 
rapidly  revolving  satellite  known.  When  sufficient  observations  have  been  oli- 
tained  it  will  atford  a  new  and  independent  determination  of  the  mass  of  Jupiter. 
Of  course  from  what  I  have  said  in  reference  to  the  difficulty  ol  the  new  satellite, 
it  will  be  apparent  that  the  most  powerful  telescopes  in  the  world,  only, will  show 

it,  e.   E.    NARNARD, 

Mt.  Hamilton  1892,  Sept.  21. 


Nova  Auriga, —Observations  have  been  tnadc  of  Nova  Aurigar  at  the  Har- 
vard College  nbscrvatory  on  every  clear  eveninj^  since  its  reappearance  has  been 
announced.  In  the  spring  it  was  last  seen  here  on  April  2^^  when  it  had  the 
maf^iitude  14-. 5  Later  observations  were  prevented  by  its  low  attitude  in  the 
evening  twilight.  Observations  by  Mr.  O,  C.  Wendell  with  a  photometer  at- 
tached to  the  15-inch  equatorial  on  September  2,  6,  7,  8  and  9,  g«ve  the  stellar 
inagiiitudes  10.62,10,60,  10.57,  10.57  and  10.54.  The  change,  if  atiy,  appesn 
therefore  to  be  very  slight  and  to  indicate  an  increase  in  light.  These  obsenm- 
tions  show  that  it  is  slightly  brighter  than  the  star  following  it  at  3*  and  T 
north,  whose  magnitude  ia  found  to  Ik*  10.94.  A  series  of  photographic  charts, 
im  the  other  hand,  make  it  about  half  a  magnitude  fainter  than  this  star,  show* 
ing  that  its  color  is  on  the  whole  redder  than  that  of  the  comparison  star. 

Its  spectrum  was  last  certainly  photographed  in  the  spring  on  Matvh  24 
when  of  the  eleventh  magnitude.  On  March  21  ♦  the  hydrogen  lines  G,  F,  H,  and 
h  were  shown  in  the  order  of  brightness  named.  On  September  2,  two  lines  of 
nearly  equal  brightness  were  clearly  shown  in  the  photograph,  one  cotndding 
with  the  hydrogen  line  G,  the  other  having  a  somewhat  greater  wave-lcngtli 
than  P,  and  probably  coinciding  with  the  principal  nebula  line  X  z::  SOU.  An  tn. 
tercsting  analogy  is  suggested  in  the  ol^scrvatioa  of  Lord  Lindsay  in  1877  thmt 
Nova  Cygni  then  gave  the  sj^ectrum  of  a  planetary  nebnla  (Obserratorr  III,  p^ 

185).  EDWAktl  C,  flCKKinXiO* 

Harvard  College  Observatory,  Cambridge,  Mass.,  Sept.  12, 1892.     • 
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A  Hew  Variable  Star  in  Aries.— With  the  aid  of  some  photographic  plates 
kindly  lent  to  as  by  the  Harvard  College  Observatory  I  have  found  a  new  varia- 
ble star  in  the  approximate  position  R.  A.  3^  49" ;  Decl.  +  14°  22^  (1892). 

On  one  of  the  two  plates  avail- 
able the  image  corresponds  to  a 
star  of  about  the  9.5  magnitude, 
while  on  the  other  plate  the  image 
il  present,  is  fainter  than  the  faint- 
est images  which  can  be  recognized 
with  certainty.  Visual  observa- 
tions made  with  a  six-inch  tele- 
scope show  a  star  of  the  eleventh 
magnitude  in  the  proper  position. 

To  make  sure  of  the  identity  of 
the  star  1  made  an  exposure  of 
60",  with  the  Willard  lens  of  the 
Crocker  telescope,  on  Aug.  26. 
The  photographic  magnitude  as 
shown  on  the  resulting  negative  is 
about  the  same  as  the  visual,  viz., 
eleventh.  On  the  following  night 
viewed  through  the  36-inch  tele- 
scope the  spectrum  was  found  to 
contain  bright  lines   and    bands. 
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XEW   VARIABLE   STAR   IN   ARIES. 


Last  night  Professor  Campbell  measured  the  positions  of  some  four  or  five  of 
these  bright  lines. 

As  the  star  is  now  very  faint  I  have  made  the  accompanying  diagram  (from 
a  photograph  taken  Aug.  26)  of  the  region,  with  the  aid  of  which  it  will  be 
easy  to  identify  the  star.  The  brightest  star  in  the  diagram  is  8.7  magnitude; 
the  faintest,  about  11.3  magnitude.  j.  M.  schaeberle. 


Note  Anrigs  a  Hebnla.— Mr.  Campbell  having  announced  that  Nova  Aurigar 
was  again  bright,  1  have  taken  the  first  opportunity  to  examine  it  with  the  36- 
inch,  and  this  morning  found  the  object  to  be  really  a  small  bright  nebula  with  a 
10th  magnitude  nucleus.  The  nebula  is  of  that  class  which  appear  stellar  with 
low  powers  or  insatficient  optical  means.  With  the  micrometer  the  nebulosity 
was  found  to  be  3"  in  diameter— a  fainter  nebulosity  still  surrounded  this  and 
was  perhaps  W  in  diameter.  The  position  of  the  Nova  was  carefully  measured 
with  reiierence  to  two  small  stars  previously  used  by  Mr.  Bumham  in  his  careful 
chart  of  the  region  about  the  Nova  published  in  M.  N.,  Vol.  LII.,  No.  6. 
Following  are  his  measures  and  my  own  present  ones : 

A  and  £. 
1892.14  323».6 

1892.64  323  .3 

A  and  F. 
32^4 
32  .6 


74' 
74 


.24 
.24 


fi3n 
Bin 


1892.12 
1892.64 


85".05 
85  .03 


Bin 


These  measures  show  conclusively  that  the  Nova  has  not  sensibly  changed  its 
position  in  six  months.  The  nucleus  is  one-tenth  or  two-tenths  magnitude  less 
than  the  star  F,  though  the  nebula  as  a  whole  is  brighter. 

I  am  familiar  with  other  nebulae  that  are  exactly  similar  to  this  object. 

Mt.  Hamilton,  1892,  Aug.  20.  E.  E.  Barnard. 
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A  New  Variable  Star.— At  the  request  of  Professor  Holden.  Director  of  tht 
Lick  Observatory',  the  discovery  by  Professor  Schaebcric*  of  that  Observatory,  of 
XI  new  variable  star  is  announced  in  the  present  article.  The  disco ver>*  was  mudc 
<Iunng  the  examination  for  another  purpose  of  a  series  of  photographs  made  «t 
Harvard  College  Observatory  with  the  eightinch  photogrriphic  telescope  of  thiit 
insUt Litton.  Upon  one  of  these  pJates,  taken  Decern l)er  18,  1891,  Profefs^tr 
Schnelieric  noticed  a  star  of  the  ma^^^nitudc  9.5  which  could  not  be  certiitnlj 
found  on  another  plate  taken  Jiinunry  24,  ISlIt,  nnd  inny  consequently  he  as- 
sumed to  have  been  at  that  time  much  lininter  than  the  eleventh  ma^^nitude.  Re- 
cent visual  observations,  made  by  Proltfssur  Schaebcrle  with  a  six -inch  telescope, 
showed  a  star  of  about  the  eleventh  magnitude  in  the  place  of  the  siisi>ectd 
variable,  and  these  observations  were  confirmed  by  a  photograph  which  he  took 
with  the  Willard  lens  and  nn  exposure  of  60'*.  On  August  27,  1H92,  the  sj>cciniiii 
of  the  star  was  examined  with  the  3G-inch  telescope  of  the  Lick  Observatory  and 
found  to  contain  bright  lines. 

From  additional  photographs  of  the  same  region,  preserved  at  Harvard 
College  Observatory,  the  following  photographic  magnitudes  of  the  star  have 
licen  obti^incd: 

1890  Oct.       31         y  6  I89t  Nov. 

Dec.       20      10.2  Dec. 

Dec.        29       ll.n  Dec. 

1801  March  14    <ll,7  1892  Jan. 

Nov.      25       1 0.1 

These  photographs,  accordingly,  confirm  the  ffict  of  the  variabitily*  of  the 
etar.    Us  position  for  1900  is  as  follows :    K.  A.  3»^  S^'.S ;  Decl.  +  14**  24'. 

BDWARD  C.    riCKERtNC;, 

Director  of  Harvanl  College  Observatory. 
Cambridge,  U,  S„  Sept.  9.  1892, 

PUBLISHER'S   NOTICES. 

The  subscription  price  to  Astronomy  amd  .\stro- Physics  in  the  UnHed  States 
and  Canada  is  ^i.OO  per  year,  iti  fidvance.  For  foreign  countries  it  is  $4,40  p^r 
vcar  which  is  the  uniform  price.  Messrs,  Wesley  Sc  Son,  28  Essex  Street,  Str  ni^ 
London,  arc  authorized  to  receive  subscriptions.  Payment  should  l>e  ma!  i 
postal  notes  or  orders  or  l>auk  drafts.  Personal  checks  for  subscribers  iti  liic 
United  States  may  l>c  used. 

Cnrrency  should  a /wars  be  sent  by  registered  letter. 

Foreign  post-oflPice  orders  should  always  be  drawn  on  the  post-office  nt 
Northfield,  Minnesota,  U.  S.  A, 

All  communications  |)ertaining  to  Astro- Physics  or  kindred  hrancbcs  of 
Phvsics  should  be  sent  to  George  E,  Hale,  Kenwood  Astn> Physical  Observatory 
Chicago,  III. 

All  matter  or  correspondence  relating  to  General  Astronomy,  remittances,  sub^ 
acriptions  and  advertismg  should  be  sent  to  Wm.  W.  Payne,  Publisher  of  As- 
tronomy AND  AsTRO-Pjivsics,  Goodscll  Obscrvatorv,  of  Carlcton  College.  North- 
field,  Minn. 

Manuscript  for  publication  should  l>e  written  on  one  side  of  the  pai>cr  only 
and  special  care  should  be  taken  to  write  proper  names  and  all  foreign  nhmen 
plainly.  All  drawinj^^s  for  publication  should  be  smoothly  and  carefully  made,  in 
India  ink  with  lettenng  well  done,  Ijecause  such  figures  arc  copied  exactly  by  the 
process  of  engraving  now  used.  If  drawings  are  made  about  double 
tended  for  the  pjrintcd  [)age,  better  effect  will  be  secured  in  engraving  cl 

copy  is  less  in  size.    As  a  rule  the  publishers  have  had  to  re-draw  the  ii>;ii 
during  the  last  year  at  considerable  cx|>cnse.     We  hojje  to  avoid  this  in  the  f* 
ture.    It  is  re<|ucsted  that  manuscript  in  French  or  German  be  typc*wiitti  n 
rerjuested  by  the  authors  when  articles  arc  sent  for  publication,  twc 
print  coj)ies,  in  covers,  will  be  furnished  free  of  charge.    A  greater  nuri 
prints  of  articles  can  be  had  if  desired,  at  reasonable  rates. 

Rates  for  advertising  and  rates  to  news  agents  can  be  had  on  application  to 
tht  publisher  of  this  magazine. 


Astf  oDomy  afid  Astro-Physies. 

HEW  SBRIBS  Ho.  9-  HOVSMBER,  189a.  WHOLE  Ho.  Z09 

General  Astronomy. 


THE  PROBABLE  ORIGIN  OP  METEORITES.* 


GBORGB    W.    COAKLEY.t 


In  the  problem  discussed  in  this  paper  the  term  meteorites  is 
used  to  denote  only  those  solid  masses  of  metals  or  minerals 
which  have  been  ascertained  to  have  fallen  upon  the  Earth  from 
some  source  beyond  it.  The  term  is  used  particularly  to  exclude 
the  case  of  a  sbooting-star,  or  a  shower  of  such  stars,  as  the 
thirty-three  year  November  shower,  or  the  annual  August 
shower,  or  any  similar  meteoric  display. 

In  the  popular  mind,  and  even  in  the  minds  of  many  astrono- 
mers, no  suflBcient  distinction  is  made  between  the  nature,  or  the 
flight,  of  a  solid  meteoric  mass,  and  that  of  a  shooting-star  or 
meteoric  shower.  The  great  November  shower  of  meteors  has 
been  identified  with  the  motion  and  path  of  a  comet;  so  also  has 
the  annual  August  shower  been  identified  with  the  motion  and 
orbit  of  another  comet.  Other  similar  identifications  have  been 
made;  and  the  conclusion  has  been  securely  reached  that  these 
meteoric  displays  are  the  consequence  of  the  Earth's  passing 
through  the  intersections  of  her  orbit  with  those  of  some  great 
comets,  and  that  the  fragments,  into  which  these  comets  have 
been  divided  by  some  cause,  traverse  our  atmosphere  with  im- 
mense velocities.  So  great  is  the  velocity  with  which  these 
numerous  small  pieces  of  a  comet  rush  through  our  atmosphere, 
that  they  are  instantly  inflamed,  giving  us  the  magnificent  dis- 
play of  a  meteoric  shower,  or  sometimes  of  a  single  shooting- 
star.  Every  astronomer  who  examines  the  evidence  for  this  view 
of  the  meteoric  showers  must  admit  its  truth.  But  some  go 
farther  and  include  the  case  of  meteorites,  or  solid  bodies  falling 
upon  the  Earth,  in  the  same  cometary  theory. 

There  are,  however,  several  important  facts  which  seem  to 
separate  entirely  the  case  of  these  solid  meteorites  from  that  of 

•  Commanicated  by  the  author. 

t  Professor  of  Mathematics  and  Astronomy,  University  of  the  City  of  New 
York.: 


the  shooting-star,  or  the  meteoric  shower*  For,  while  the  shoot- 
ing-star, or  one  of  those  that  constitute  the  shower,  is  never  seen 
for  more  than  half  a  second  of  time,  or  a  second  at  most  (except 
that  it  may  leave  an  illuminated  trail  after  it,  of  more  permanent 
duration),  the  meteorite,  on  the  contrary',  when  seen  in  its  flight 
through  the  air,  is  visible  sometimes  for  a  minute  or  more.  This 
is  undoubtedly  owing  to  its  much  slower  velocity  than  that  of 
the  single  or  multiple  shooting-star. 

The  late  Professor  J.  Lawrence  Smith,  of  Kentuck3%  was  for 
many  years  one  of  the  most  persistent  and  painstaking  students 
of  all  ascertainable  facts  with  regard  to  meteorites,  or  meteoric 
stones.  He  collected  the  evidence  of  their  phenomena,  traced  tJie 
appearances  they  presented  to  observers,  and  their  whole  history, 
and  he  procured  and  analyzed  many  specimens  of  them.  Among 
his  latest  conclusions  with  regard  to  meteorites  were,  first,  that 
they  had,  from  all  accounts,  a  much  slower  motion  than  that  of 
the  shooting-star,  or  meteor  proper;  and  secondly,  he  announced 
the  conclusion  that  they  probably  had  a  totally  different  origin 
from  that  of  the  shooting-stars,  or  meteoric  showers*  He  also 
noticed  their  close  resemblance,  in  chemical  composition,  to  vol- 
canic minerals. 

Professor  Ball^  the  Astronomer  Royal  of  Ireland,  in  his  inter- 
esting work,  '*  The  Story  of  the  Heavens,"  says: 

**  We  have  shown  that  the  well-known  star-showers  are  all  in- 
timately connected  with  comets.  In  fact  each  star-showier  re- 
volves in  the  path  pursued  by  a  comet,  and  the  shooting-star 
particles  have,  in  all  probability,  been  derived  from  the  comet. 
Showers  of  shooting-stars  and  comets  have,  therefore,  an  inti- 
mate connection ;  but  there  is  no  ground  for  supposing  that  me- 
teorites have  any  connection  with  comets, — the  facts,  indeed,  all 
seem  to  me  to  point  in  the  opposite  direction," 

**  Meteorites  have  never  been  known  to  fall  from  the  great  star- 
showers.  No  particle  of  a  meteorite  was  ever  dropped  from  the 
countless  host  of  the  Leonids,  or  of  the  Perseids;  the  Lyraids 
never  dropped  a  meteorite,  nor  did  the  Geminids,  or  the  many 
other  showers  with  which  every  astronomer  is  familiar.  There 
is  no  reanon  to  connect  meteorites  with  these  showers,  and  there 
is,  accordingly,  no  reason  to  connect  meteorites  with  comets. 
Indeed,  the  appearance  of  a  comet,  and  the  history  of  its  move* 
ments  and  its  changes,  seem  entirely  at  variance  with  the  suppo- 
sition that  it  is  composed  of  materials  resembling  those  in  mete- 
orites.'' 

Professor  Ball  regards  comets,  as  he  elsewhere  argues,  as  cn- 
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tirely  of  a  gaseous  nature,  with  nothing  solid  about  them.  He 
also  points  out  the  slow  motion  of  meteorites,  and  argues  that  if 
they  passed  through  our  atmosphere  with  anything  like  the  ve- 
locity which  the  shooting-star  meteors  are  known  to  have  (some 
twenty-six  miles  per  second,  as  Professor  Young  states),  the  me- 
teorites would  be  almost  instantly  vaporized  and  burned  up,  so 
that  nothing  but  their  constituent  gases  and  ashes  would  reach 
the  Earth.  Still  the  motion  is  rapid  enough  to  heat  the  meteor- 
ites so  much  as  to  form  a  fused  crust  around  them  to  a  small 
depth,  and  also  to  cause  them  frequently  to  explode  into  frag- 
ments with  loud  detonations,  which  have  been  heard  to  accom- 
pany their  flight. 

With  regard  to  the  nature  and  origin  of  meteorites.  Professor 
Ball  states  the  following  **  theory  entertained  by  the  Austrian 
mineralogist  (Tscbermak).  He  has  made  a  study  of  the  meteor- 
ites in  the  rich  collection  at  Vienna,  and  he  has  come  to  the  con- 
clusion that  the  meteorites  have  had  a  volcanic  source  on  some 
celestial  body."  Professor  Ball  then  says,  **Let  us  attempt  to 
pursue  this  hypothesis  and  discuss  the  problem  which  may  be 
thus  stated:  Assuming  that  meteorites  have  been  ejected  from 
volcanoes,  on  what  body  or  bodies  in  the  universe  must  these 
volcanoes  be  situated  ?  This  is  really  a  question  for  astronomers 
and  mathematicians.  Once  the  mineralogist  assures  us  that 
these  bodies  are  volcanic,  the  question  becomes  one  of  calculation 
and  of  the  balance  of  probabilities." 

After  trying  the  various  planets  of  our  solar  system,  including 
the  asteroids  and  our  Moon,  he  finds  it  difficult  to  place  the  vol- 
canoes on  any  of  them,  with  power  to  send  us  the  meteorites. 
He  therefore  returns  to  the  Earth,  placing  here  the  required  vol- 
canoes, but  acknowledging  frankly  that  none  of  our  present  vol- 
canoes have  the  power  to  eject  the  meteorites  with  force  enough 
to  cause  them  to  wander  through  the  planetary  regions,  and  to 
subsequently  return  to  us,  after  many  revolutions  around  the 
Sun.  He  thinks  that  in  the  old  geologic  times,  some  millions  of 
years  ago  perhaps,  the  power  of  our  volcanoes  must  have  been 
sufficient  to  throw  out  these  materials,  and  that  they  are  now 
finding  their  way  back  to  their  old  home. 

The  objections  to  Professor  Ball's  location  of  the  volcanoes 
that  send  forth  the  projectiles  to  become  meteorites,  are,  first, 
the  enormous  force  required  to  perform  this  work.  It  is  known 
that  the  velocity'  acquired  by  a  body  falling  upon  the  Earth  from 
an  infinite  distance  is  nearly  seven  miles  per  second,  and  that  a 
force  would  be  required  that  should  impart  this  same  velocity  of 


seven  miles  per  second  to  a  projectile,  to  cause  it  to  escape  the 
Earth's  power  of  attracting  it  back  to  its  surface.  The  maxi- 
mum velocity  imparted  to  a  cannon  ball  may  be  taken  to  be 
2,000  feet  per  second.  But  the  force  to  impart  seven  miles  per 
second  would  be  more  than  eighteen  times  as  great  as  that  re- 
quired for  the  cannon  ball.  Could  the  Earth^s  volcanoes  at  any 
time  have  supplied  so  great  a  force?  The  required  force  would  be 
even  man3^  times  greater  than  that  above  stated;  because  the  re- 
sistance of  the  Earth's  atmosphere  would,  in  addition,  have  to 
be  overcome.  This  resistance  tends  to  rapidly  reduce  the  initial 
velocity  imparted  to  the  projectile,  so  that  sufficient  additional 
velocity  beyond  the  seven  miles  per  second  must  be  supplied  to 
overcome  the  resistance. 

Secondly,  if  the  required  velocity  were  supplied  from  the  Earth, 
the  projectiles  would  become  small  planets  revolving  around  the 
SuHt  not  around  the  Earth,  since  they  would  have  to  fly  far  be- 
yond the  moon,  in  order  to  be  beyond  the  Earth's  power  of 
bringing  them  back  to  her  surface  in  a  short  time;  and  besides 
they  would  retain  the  Earth's  velocity  of  18  miles  per  second  in 
her  annual  orbit.  The  theory  proposed  in  this  paper,  to  ac- 
count for  the  meteorites,  is  not  the  writer^s  own;  it  is  not  new. 
It  prevailed  during  most  of  the  last  centurv.  and  was  maintained 
by  the  greatest  astronomers  and  mathematicians.  It  is  simph' 
that  the  volcanoes  claimed  as  the  origin  of  meteorites  bj^  the 
Austrian  mineralogist,  and  laboriously  sought  after  by  Professor 
Ball,  existed  formerly  in  an  active  state  on  our  Moon,  and  that 
they,  and  they  alone,  had  the  requisite  power  to  throw  these 
solid  bodies  beyond  the  reach  of  the  Moon's  prevailing  attrac- 
tion, and  within  the  controlling  attraction  of  the  Earth. 

About  a  century  ago  the  problem  of  the  origin  of  meteorites,  or 
aerolites,  was  discussed  by  Laplace,  Lagrange,  Poisson,  I^egim* 
dre  and  other  great  mathematicians.  They  generally  agreed  that 
the  most  probable  origin  was  the  formerly  active  volcanoes  of 
our  moon. 

This  IS  what  Laplace  says  in  the  fifth  chapter  of  the  second 
volume  of  his  "Systeme  du  Monde,"  from  which  the  writer 
translates  freely  (Sixth  Paris  edition): 

**The  attraction  of  gravity  on  the  surface  of  the  Moon  being 
much  less  than  on  the  surface  of  the  Earth,  and  this  satellite  hav- 
ing no  atmosphere  which  might  oppose  a  sensible  resistance  to 
the  motion  of  projectiles,  we  may  conceive  that  a  body  thrown 
with  a  great  force  by  the  explosion  of  a  lunar  volcano,  might 
reach »  and  pass  beyond  the  liwit  where  the  Earth *s  attractioii 
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would  begin  to  be  superior  to  the  Moon's  attraction.  It  would 
suffice  for  this  purpose,  that  the  body's  initial  velocity  in  a  verti- 
cal direction  should  be  2,500  meters  per  second,"  (about  one  and 
a  half  miles  per  second.)  *'Then  instead  of  falling  back  upon  the 
Moon,  it  would  become  a  satellite  of  the  Earth,  and  would  de- 
scribe around  the  Earth  a  more  or  less  elongated  orbit.  The  prim- 
itive impulse  given  to  the  body  might  be  so  directed  that  it 
would  go  straight  to  meet  the  Earth's  atmosphere;  or  it  might 
also  be  so  directed  that  the  body  would  not  meet  our  atmosphere 
until  after  many,  or  even  a  very  great  number  of  revolutions. 
Because  it  is  evident  that  the  Sun's  attraction,  which  changes  in 
a  very  sensible  manner  the  distances  of  the  Moon  and  the  Earth, 
ought  to  produce  in  the  radius- vector  of  a  satellite,  moving  in  so 
very  eccentric  an  orbit  as  that  of  the  projected  body,  variations 
very  much  larger  than  those  produced  in  the  Moon's  radius- 
vector.  The  disturbing  action  of  the  Sun  might  at  length  dimin- 
ish the  perigee  distance  of  this  new  satellite  to  such  a  degree  that 
the  body  could  penetrate  within  our  atmosphere.  This  body,  in 
traversing  the  atmosphere  with  a  great  velocity  would  experi- 
ence therefrom  a  very  great  resistance,  and  would  at  last  be  pre- 
cipitated upon  the  Earth.  The  friction  of  the  air  against  its 
surface  would  suffice  to  inflame  it,  and  to  cause  it  to  detonate,  if 
it*  contained  materials  suitable  for  these  effects.  It  would  then 
afford  us  all  the  phenomena  which  aerolites  present. 

If  it  were  well  proved  that  these  bodies  are  not  the  products  of 
our  own  volcanoes,  nor  of  our  atmosphere,  and  that  it  is  neces- 
sary to  seek  their  cause  outside,  in  the  celestial  spaces,  then  the 
preceding  hypothesis,  which  also  explains  the  identity  of  compo- 
sition observed  in  aerolites,  by  the  identity  of  their  origin,  would 
not  be  destitute  of  probability." 

This  is  Laplace's  statement  of  the  theory  of  meteorites,  with 
the  lunar  volcanoes  a^  their  origin.  It  deserves  careful  compari- 
son with  Professor  Ball's  statement  of  their  lunar  origin,  and 
with  his  reasons  for  rejecting  that  origin.  They  are  principally 
two;  first  that  there  are  now  no  active  volcanoes  on  the  Moon 
to  send  us  meteorites  at  present.  This  argument  applies  as  well 
to  his  theory  of  their  terrestrial  origin ;  for  he  admits  that  none 
of  our  present  volcanoes  could  supply  the  requisite  force.  Sec- 
ondly he  can  not  admit  that  the  Sun's  disturbing  force  could 
bring  the  meteorites  within  our  atmosphere,  as  Laplace  shows 
it  could.  This  argument  also  militates  against  his  terrestrial 
origin  of  the  meteorites,  which  would  require  perhaps  an  even 
greater  perturbation  to  produce  the  required  effect,  since  they 
would  revolve  around  the  Sun,  and  not  around  the  Earth. 


After  the  demonstrations  of  the  great  mathematicians  no  one 
thought  of  denving  this  lunar  origin  of  aerohtes»  until  it  was 
lound  that  the  shooting-stars  possessed  a  velocity  of  more  than 
twenty  miles  per  second.  Then  it  was  seen  at  once  that  the 
earth's  attraction  could  never  impart  to  them  any  similar  ve- 
locity, since  the  greatest  velocity  that  could  be  so  imparted  is  a 
little  less  than  seven  miles  per  second.  It  follows  at  once  that 
the  shooting-star  could  not  be  projected  from  the  moon,  and  be 
drawn  to  the  Earth  by  the  la  tier's  attraction.  For,  in  that  case, 
the  shooting*star*s  velocity  could  not  exceed  seven  miles  per  sec- 
ond, instead  of  being  more  than  twenty  miles  per  second. 

But  the  mistake  was  made  of  confounding  the  slowly  moving 
aerolite,  or  meteorite,  with  the  swiftly  moving  shooting-star.  and 
thence  concluding  also  that  the  meteorite  could  not  come  from 
the  Moon.  The  conclusion  was  a  nonsequitur,  because  the  ve- 
locity really  belonging  to  one  class  of  these  bodies,  was  wTongly 
attributed  to  the  other  very  distinct  class  of  the  meteorites.  It 
will  be  observed  that  Laplace  speaks  of  the  limit  of  distnnct 
from  the  Moon»  at  which  the  Earth's  attraction  begins  to  pre- 
ponderate over  that  of  the  moon.  Now  it  is  a  comparatively 
easy  problem  to  determine  how  far  from  the  Moon's  center,  in 
every  direction,  this  limit  of  distance  extends,  and  also  to  de- 
termine the  shnpv  of  this  limit.  The  condition  for  determiniti^-it 
is,  evidently,  that  a  body  simply  placed,  without  motion,  any 
where  on  this  limit,  for  any  given  position  of  the  Earth  and 
Moon,  should  be  eqitaUy  nttracted  towards  the  Earth  and 
towards  the  Moon. 

There  is  in  the  Astor  Library,  in  New  York*  a  small  treatise  by 
the  great  mathematician,  Poisson,  on  the  lunar  origin  of  aero* 
lites,  or  meteorites,  in  which  he  determines  this  iimit  to  be  the 
surface  of  a  sphere  surrounding  the  Moon  on  all  sides.  But  the 
Moon's  centre  is  not  at  the  centre  of  this  spherical  limit  The 
centre  of  the  sphere  is  on  the  prolongation  of  the  line  joining  the 
centres  of  the  Earth  and  Moon,  beyond  the  Moon's  surface  by 
nearly  her  whole  diameter. 

If  we  denote  by  a,  the  mean  distance  bet  wen  the  centers  of  the 
Earth  and  Moon,  where  a  —  238  840  miles,  according  to  Pro- 
fessor Young,  then  the  centre  of  Poisson *s  limiting  sphere  lies 

a 
beyond  the  Moon's  centre  at  the  distance  „^  =  2,985.5  miles  pro* 

The  radios  of 
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vided  the  Moon's  mass  is    ^  of  the  Earth's  mass 

9a 
the  sphere  is  "_^  —  26,769.5   miles;  the  distance  of  the  sphere's 
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point,  nearest  to  both  the  Earth  and  Moon,  is,  on  the  line  joining 

their  centres,  y?^  ~  23,884  miles  from  the  Moon's  centre;  and  the 

distance  from  the  Moon's  centre  to  the  point  farthest  from  both 
the  Earth  and  Moon,  on  the  prolongation  of  the  line  of  centres, 

IS  ^  =  29,855  miles. 

o 

Any  point  within  this  sphere  is  more  attracted  by  the  Moon 
than  by  the  Earth;  every  point  outside  this  sphere  is  more  at- 
tracted by  the  Earth  than  by  the  Moon.  Only  on  its  surface  are 
the  attractions  of  the  two  bodies  equal. 

The  advantage  of  knowing  this  limiting  sphere  of  equal  attrac- 
tion between  the  Earth  and  Moon  is,  that  we  are  not  obliged  to 
determine  the  velocity  with  which  the  Moon  must  project  a 
body  in  order  to  send  it  to  an  infinite  distance;  but  only  the 
smaller  velocity  with  which  the  body  must  be  projected  to  reach 
the  surface  of  this  sphere,  or  just  to  pass  beyond  it,  so  that  the 
body  will  not  return  to  the  Moon. 

The  velocity  with  which  a  lunar  volcano,  nearest  the  Earth, 
must  project  a  body,  to  just  reach  the  nearest  point  of  the  sphere 
of  equal  attraction,  at  the  distance  from  the  Moon's  centre  equal 
to  23,884  miles,  is  found  to  be  1.443  miles  per  second.  The  vel- 
locity  with  which  the  body  must  be  projected  from  a  lunar  vol- 
cano farthest  from  the  Earth,  on  the  opposite  hemisphere  of  the 
Moon,  to  a  distance  from  her  centre  equal  to  29,855  miles,  is 
found  to  be  1.450  miles  per  second.  But  while  the  projectile  in 
the  former  case,  thrown  towards  the  Earth,  is  leaving  the 
Moon's  surface,  and  drawn  back  by  her  attraction,  its  flight  is 
being  helped  by  the  Earth's  attraction,  which  alone  would  im- 
part to  it  a  £nal  velocity  at  the  surface  of  the  sphere,  equal  to 
0.292  miles  per  second. 

Hence  the  lunar  volcano  nearest  the  Earth  needs  only  to  im- 
part the  velocity  1.443  —  0.292  =  1.151  miles  per  second  in 
order  to  cause  the  projectile  to  reach  the  surface  of  equal  attrac- 
tion. This  is  only  about  three  times  the  maximum  velocity  of 
2,000  feet  per  second,  of  a  cannon  ball.  In  the  opposite  direc- 
tion, however,  when  the  projectile  is  launched  from  a  volcano  on 
the  Moon's  farthest  hemisphere,  if  there  be  any  there,  with  the 
velocity  1.450  miles  per  second,  the  Earth's  attraction  helps  the 
Moon  to  bring  it  back  with  a  total  imparted  velocity  of  0.292 
miles  per  second.  Hence  the  volcano  ought  to  impart  a  velocity 
of  1.450  +  0.292  =  1.742  miles  per  second,  in  order  that  the 
body  may  just  reach  the  sphere  of  equal  attraction.    This  velo- 


city  is  only  about  four  and  a  half  times  the  cannon  balFs  maxi- 
mum velocit\^  of  2,000  feet  per  second.  However,  it  is  not  im- 
probable that,  in  this  last  case,  the  Earth's  attraction  would 
help  the  Moon  to  bring  back  the  projectile  to  her  surface. 
Though  it  is  probable  that  the  Moon's  farthest  hemisphere  has 
been  subject  to  volcanic  action,  like  the  hemisphere  nearest  to  us. 
3^et  we  know  nothing  certain  with  regard  to  that  distant  hemta- 
phere.  We  shall  not  count  on  it  in  any  way  in  the  theory  of 
meteorites  except  that  it  is  now  certain  that  an  initial  velocity  oi 
from  three  to  about  four  and  a  half  times  the  maximum  velocity 
of  a  cannon  ball  applied  in  a  vertical  direction  to  a  projectile  at 
any  point  of  the  Moon's  surface  w^ould  bring  it  to  the  surface  of 
the  sphere  of  equal  attraction  between  the  Earth  and  Moon. 

Indeed  we  may  leave  out  of  account  any  lunar  volcano  situ- 
ated more  than  84'^  on  a  great  circle  across  the  Moon's  disk  from 
the  point  nearest  the  Earth,  In  this  case  every  projectile  from 
any  volcano  within  these  84"  will  be  more  or  less  assisted,  in  its 
flight  from  the  Moon's  surface,  by  the  Earth's  attraction.  The 
extreme  velocity  which  the  volcano  alone  must  supply  to  the 
projectile  will  then  be  just  about  four  times  the  catjuon  balKs 
maximum  velocity;  and  the  least  velocity  required  from  the 
volcano  will  be  three  times  this  maximum  velocity  of  the  cannon 
balL  Hence  we  have  the  fact  that  over  a  wide  range  of  1G8  on 
a  great  circle  of  the  Moon's  nearest  hemisphere,  in  every  direc- 
tion from  its  visible  centre,  a  lunar  volcano  needs  only  to  impart 
these  moderate  velocities,  of  three  or  four  times  that  of  a  cannon 
ball,  to  send  a  projectile  to  the  surface  of  the  sphere  of  equal  at- 
traction between  the  Eaiiih  and  Moon. 

Every  astronomer  knows  that  the  Moon*s  nearest  hemisphere 
is  almost  covered,  in  all  directions,  by  the  craters  of  extinct  vol- 
canoes, many  of  them  far  greater  in  extent  than  any  on  the 
Earth.  It  can  hardly  be  doubted  that  the  Earth's  volcanoes  are 
capable  of  imparting,  in  a  vertical  direction,  a  velocity  three,  four 
or  five  times  that  of  the  cannon  ball's  maximuni.  Hence  these 
larger  lunar  volcanoes  must  be  considered  cajjable  of  exerting  at 
least  an  equal  force.  The  bodies  projected  from  them  would 
reach  the  surface  of  the  sphere  of  equal  attraction  with  various 
velocities,  and  from  all  directions  within  84"^  of  the  Moon*s  visi* 
ble  centre,  on  a  great  circle  across  her  disk.  If  the  greater  part 
of  these  projectiles  had  fallen  back  to  the  Moon  the  interior  floor 
of  her  volcanic  craters  would  present  a  very  diflerent  appearance 
from  that  observed.  They  would  be  filled  up  w4th  these  irregu- 
lar fragments,  instead  of  presenting  usually  a  deeply  excavated 
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and  smooth  surface,  only  broken  occasionally  by  a  few  small  vol- 
canic cones,  the  effects  probably  of  subsequent  minor  eruptions. 

The  Moon's  volcanoes  must  have  been  active  for  many  ages, 
though  they  have  now  been  extinct  perhaps  for  millions  of  years. 
The  explosions,  which  may  have  sent  forth  the  masses  that  have 
fallen  on  the  Earth,  should  be  considered  as  having  taken  place 
at  various  periods,  after  long  intervals  from  the  same  volcano, 
and  also  at  different  times,  and  in  various  directions,  from  other 
volcanoes  with  a  different  situation  on  the  Moon's  surface.  The 
projectiles  should  not  be  considered  as  all  starting  at  once  from 
all  the  volcanoes;  but  their  ejections  should  be  regarded  as 
spread  over  long  intervals  of  time,  whether  from  the  same  or 
from  diflerent  lunar  volcanoes. 

Let  us  consider  more  particularly  the  probable  course  of  some 
one  projectile,  thrown  from  the  visible  centre  of  the  moon's  disk 
directly  towards  the  Earth,  and  with  just  sufficient  velocity  to 
cause  it  to  reach  the  nearest  surface  of  the  sphere  of  equal  attrac- 
tion. What  would  happen  when  the  projectile  reached  this 
point?  It  certainly  would  not  go  back  to  the  Moon,  because  the 
Earth's  equal  attraction  would  prevent  such  a  result.  Neither 
would  it  go  directly  to  the  Earth,  because  of  the  Moon's  equal 
attraction.  But  the  Moon  has  the  same  average  velocity  of 
about  18  miles  per  second  around  the  Sun,  which  the  Earth  has 
in  her  annual  orbit.  Hence  the  projectile  in  consideration,  hav- 
ing this  same  velocity  of  18  miles  per  second,  will  go  around  the 
Sun  in  an  annual  ortit  just  as  the  Earth  and  the  Moon  do.  Also 
the  moon  has  a  velocity  of  about  0.636  miles  per  second  in  her 
relative  orbit  about  the  Earth ;  and  the  projectile  will  also  have 
this  same  velocity  eastward,  and  will  therefore  revolve  about 
the  Earth  just  as  the  moon  does,  and  nearly  in  the  same  time, 
and  in  the  same  plane.  It  will  become  a  satellite  of  both  the  Sun 
and  the  Earth.  The  perturbations  of  its  orbit  about  the  Earth, 
by  both  the  Sun  and  the  moon,  will  be  very  great;  but  the^'  may 
never  cause  it  to  fall  on  the  Earth,  as  even  Laplace  supposes,  be- 
cause its  orbit  will  be  too  nearly  circular,  or  of  small  eccentricity. 
At  any  rate,  if  this  projectile  ever  reached  the  Earth,  it  would 
have  to  be  after  a  very  prolonged  period.  In  saying  that  such  a 
projectile  might  come  straight  to  the  Earth,  Lalace  must  have 
overlooked  its  orbital  velocity  about  the  Earth,  derived  from  the 
Moon. 

Suppose  that  another  projectile  from  the  visible  centre  of  the 
Moon's  disk  were  thrown  with  a  slight  excess  of  velocity  above 
that  requisite  to   bring  it  to  the  surface  of  equal  attraction. 
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may  be  passed  through  P,  and  the  line  C,  Cj  =  a,  joining  the  cen- 
tres of  the  two  bodies.  Let  the  line  of  centres  be  taken  as  an 
axis  of  abscissas,  the  origin  being  at  the  Moon's  centre,  and  the 
abscissas  counted  positive  towards  the  Earth.  A  perpendicular 
from  P  to  this  axis  will  be  the  ordinate,  and  the  distance  from  its 
foot  to  the  moon's  centre,  the  abscissa  of  the  point  P.  Let  Z>,  = 
the  distance  of  the  moon's  centre  from  P,  and  D^  =  the  distance 
from  the  same  point  P  to  the  Earth's  centre.  Then,  evidently, 
D,'  =y^  +  je,  A'  =y  +  (a  -  ^)';  hence 

D,'"      y  +  y      '  ^^^• 

But  the  attraction  of  the  Earth  for  a  body  at  P  is,  disregard- 

M 
ing  its  sign,  -=r.\  and  the  attraction  of  the  moon  for  the  same 

body  is  -^-,.    By  supposition  these  attractions  are  equal.    Hence 


Comparing  (1)  and  (2)  gives 

r'  +  x*  —  2ax  +  a' 


=  81,  (3). 


y  +  x* 

Hence,    y^i  +  x^  +  ^x-^^  =  0,  (4). 

9a 
Equation  (4)  is  evidently  that  of  a  circle,  whose  radius  is  qY\  , 

o\) 

and  itscentre  on  the  prolongation  of  the  line  joining  the  centres  of 
the  Earth  and  moon,  at  the  distance  from  the  latter's centre  equal 

to  ^^.    By  making  the  ordinate  y  =  0,  the  intersections  of  the 

circumference  with  the  line  of  centres  will  be  found  to  be  r^^:  from 

the  Moon's  centre  towards  the  Earth,  and  ^  in  the  opposite  direc- 

o 

tion.    Since  the  point  P,  may  be  in  every  possible  plane  around 

the  line  of  centres,  and  in  every  such   plane  we  have  the  same 

circle,  hence  this  point  will  be  on  the  surface  of  a  sphere,  of  which 

each  circle  is  a  section  by  the  plane  containing  P. 


THE  MOTION   OF  THE  SOLAR  SYSTEM.* 


J.  O.  PORTER. 


A  new  determinatioti  of  the  apex  of  the  solar  way,  based  on  tl 
Catalogue  of  Proper  Motion  Stars  in  Publication  No,  12  of  tt 
Cincinnati  Observatory,  has  just  been  completed.  With  the  ex* 
ception  of  the  fundamental  stars,  the  proper  motions  given  in 
this  Catalogue  were  all  re-computed,  and  in  the  great  majority 
of  cases  the  available  data  were  considerably  improved  by  re- 
observation  of  the  stars.  The  results  may  therefore  be  con* 
sidered  as  on  the  whole  the  most  reliable  that  have  3'et  been  pub- 
lished. Notwithstanding  the  exhaustive  investigation  recently 
made  by  Dr.  Stumpe,  (see  Astronomiscbe  Nachrkhtcn  2999-300C)) 
it  seemed  worth  while  to  repeat  the  computation  for  the  Sun's 
motion,  especially  as  the  stars  in  Jhe  present  list  are  more 
equably  distributed  than  has  generally  been  the  case.  The 
method  employed  was  that  given  by  Schonfeld  in  Viertefjahr- 
scbrift  der  Astronomischen  Gesellschaftt  XVII,  p.  256,  the  equa< 
tions  of  condition  containing  a  term  which  depends  on  the  suj 
posed  rotation  of  the  stars  in  the  plane  of  the  Milky  Way.  Thi 
term,  however,  as  in  all  previous  investigations,  appears  to  be 
insensible. 

The  stars  were  divided  into  four  groups  according  to  the 
amount  of  proper  motion,  and  the  resulting  co-ordidatcs  of  the 
apex  of  the  Sun*s  way  as  given  by  the  different  groups  are  as 
follows: 


Proper 
Motiou 

.15  to     ,30 

MO  to    .m> 

MO  to  1  20 
1.20  ancl  over 


Xo.-oJ 

stai's 


K.A. 

281.9 

280  7 
2H52 
277.U 


Dec]. 

+  53.7 
-f  40.1 
+  34.0 
+  34  D 


0.16 

0.30 
0.55 
1,69 


The  last  cohimn  gives  the  angular  motion  of  the  Sun  as  s«rrn 
from  the  mean  distance  of  the  stars  of  each  group  respectively. 
Dr,  Stumpe  has  already  pointed  out  that  the  results  plainly  i 
cate  that  the  amount  of  proper  motion  affords  a  more  correct 
criterion  of  the  distance  of  the  stars  than  does  their  magnitude 

The  most  noticeable  point  in  connection  with  the  present  inv 
tigation  ts  the  high  declination  given  for  tlic  apex  by  the  firsi 
group.  I  believe  it  is  the  most  northerly  declination  which  has 
ever  been  obtained ;  and  yet  the  large  number  of  stars  and  their 
wide  distribution  w*ould  seem  to  entitle  the  result  to  considerable 


es»j 


*  CofnmtitiicAted  by  the  author. 
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weight.  The  rather  large  difference  in  the  direction  of  the  Sun's 
motion  as  given  by  the  first  group  and  by  the  last  two  can  be 
most  readily  explained  by  the  supposition  of  a  common  drift  for 
the  nearer  stars.  It  would  be  of  great  interest  to  compute  the 
solar  motion  from  stars  with  still  less  proper  motion  than  those 
I  have  employed.  I  am  glad  to  know  that  Professor  Boss  is  now 
at  work  on  such  an  investigation,  and  will  doubtless  before  long 
be  able  to  throw  fresh  light  on  this  interesting  question. 
Cincinnati  Observatory,  Oct.  3, 1892. 


STARS  HAVING  PECULIAR  SPECTRA.* 


M.  FLEMING. 


A  recent  examination  of  photographs  of  stellar  spectra  lately 
received  from  the  Peruvian  station  of  the  Harvard  College  Ob- 
servatory and  taken  under  the  direction  of  Professor  W.  H.  Pick- 
ering, has  added  five  faint  objects,  in  the  constellation  Argo,  to 
the  list  of  stars  having  spectra  of  the  fifth  type,  and  similar  to 
the  bright  line  stars  in  Cygnus.  As  forty  of  these  objects  have 
already  been  announced,  this  increases  the  known  number  to 
forty-five.  The  designation  of  the  star,  its  approximate  right 
ascension  and  declination  for  1900  and  its  magnitude  are  given 
in  the  first  four  columns  of  the  following  table.  The  Galactic 
longitude  and  latitude  are  given  in  the  fifth  and  sixth  columns. 


Desigaatiaii. 

R.A 

.1900 

Dec.  1900 

o 

Maim. 

G.  I^n^. 

G.  Lat. 

o 

10 

7.6 

—  60      8 

252      4 

-3    30 

A.  G.  C.  14691 

10 

40.3 

-59    12 

8%- 

255    48 

—  0    40 

— . 

10 

43.4 

—  58    41 

255    20 

-0      1 

A.  G.  C.  14965 

10 

52.0 

—  59    51 

8% 

256    49 

—  0    38 



10 

55.8 

-57    17 

256    16 

-f  1    56 

In  addition  to  the  stars  of  the  fifth  type  mentioned  above,  six 
new  variables  have  been  discovered  from  the  photographs  re- 
ceived from  Peru  and  one  from  those  taken  in  Cambridge  during 
July.  Their  spectra  are  of  the  third  type  having  also  the  hydro- 
gen lines  bright,  as  is  the  case  in  the  spectrum  of  o  Ceti  and  other 
variables  of  long  period.  A  table  of  these  is  here  given  with 
further  details  regarding  the  measurements  following  it.  The 
constellation  is  given  in  the  first  column  and  this  is  followed  by 
the  approximate  right  ascension  and  declination  for  190()  of  the 
variable.    The  next   two  columns  give  the  greatest  and  least 

•  Comnmnicated  by  Edward  C.  Pickering,  Director  of  the  Harvard  College 
Observatory. 
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photographs  taken  between  May  9, 1889,  and  April  26, 1892,  its 
magnitude  being  about  7.6  on  the  first  date  when  it  was  proba- 
bly near  its  maximum.  At  the  following  minimum  it  was  fainter 
than  the  magnitude  11.0.  It  was  again  bright  on  June  22^  1890, 
and  on  Aug.  18  and  Sept.  3, 1891,  when  its  magnitude  was  8.9, 
8.2  and  8.2  respectively.  Between  these  two  maxima  its  mini- 
mum was  fainter  than  11.3  and  on  March  30  and  April  26, 1892, 
it  was  fainter  than  the  magnitude  10.8. 

The  region  including  the  variable  star  in  Octans  in  R.  A.  17^ 
25.9°*,  Dec.  —  86°  46',  was  contained  on  eighty-nine  photographs 
taken  between  May  14, 1889,  and  April  26,  1892.  On  Aug.  29, 
1889,  its  magnitude  was  8.4  when  it  was  probably  near  its 
maximum.  At  minimum  it  was  fainter  than  10.5.  It  was  bright 
again  an  April  8, 1890,  when  its  magnitude  was  8.5.  At  mini- 
mum it  was  fainter  than  11.7.  On  Sept.  20,  1891,  it  again  at- 
tained the  magnitude  8.4  and  on  March  30,  1892  it  was  fainter 
than  the  magnitude  10.5. 

Photographs  of  the  spectra  of  A.  G.  C.  9326,  R.  A.  7^  14.8™, 
Dec.  —  36°  33'  (1900),  Magn.  5.3,  and  of  A.  G.  C.  10963,  R.  A. 
S^  9.7", Dec.— 35°  35'  (1900),  magn.  5.3  taken  on  April  18,1892, 
and  on  March  16, 1892,  respectively,  show  the  F  line  bright  and 
place  them  in  the  same  class  with  6  and  /^  Centauri. 

The  magnitudes  given  above  depend  on  measures  derived  from 
the  photographs  by  using  the  magnitudes  of  the  comparison 
stars  as  given  in  the  Argentine  General  Catalogue.  Since  all  of 
these  variables  are  probably  red  stars,  as  indicated  by  their  class 
of  spectrum,  it  will  be  necessary  to  apply  to  the  magnitudes 
given  above  a  correction  for  color  before  comparing  them  with 
magnitudes  obtained  from  visual  observations. 

Interesting  photographs  have  been  obtained  of  the  spectra  of 
the  two  objects  A.  G.  C.6744,R.  A.  5»»  39.4°\Dec.— 69°9'  (1900), 
magn.  6U,  and  A.  G.  C.  20937  R.  A.  15»*  21.9°S  Dec.  —  24°  49' 
(1900),  mag^.  8.  The  first  of  these  is  the  well  known  gaseous 
nebula  surrounding  30  Doradus.  The  photograph  shows  that 
its  spectrum  is  unlike  that  of  ordinary  gaseous  nebulae.  A.  G.  C. 
20937  gives  a  spectrum  which  appears  to  be  similar  and  is  prob- 
ably an  object  of  the  same  class  although  its  nebulous  character 
has  not  hitherto  been  suspected.  A  photograph  of  the  spectrum 
of  G.  C.  2581,  R.  A.  11»'  45.3'",  Dec.  —  56°  37'  (1900),  magn.  9y2, 
showing  bright  lines  was  obtained  on  Aug.  2,  1892  at  Arequipa 
in  Peru.  The  research  which  has  resulted  in  the  discovery  of  the 
above  list  of  objects  forms  part  of  the  Henry  Draper  Memorial. 

Harvard  College  Observatory, 
Cambridge,  Mass.,  Oct.  10,  1892. 


THE  NEBULAR   HYPOTHESIS/ 
Continued  from  p.  570* 

We  will  now  project  some  views  on  the  screen,  illustrating  the 
great  variety  of  forms  which  nebula  assume. 

We  have  now  reviewed  such  information  about  the  nebulie 
the  telescope  and  the  photographic  camera  can  give  us ;  but  tht 
IS  another  instrument  at  the  command  of  the  astronomer  which' 
has  even  more  wonderful  powers  than  the  telescope.    You»  all 
know  that  the  spectroscope  is  an  instrument  for  studying  the 
chemical  constitution  of  a  body  by  means  of  the  light  which  it 
emits. 

There  is  not  ttme»  within  the  limits  of  a  single  lecture*  to  ex- 
plain the  principles  of  spectrum  analysis.  I  will  remind  you, 
however,  that  a  glow^ing  gas  emits  light  of  certain  definite  colors 
only,  which  going  to  their  appropriate  places  in  the  spectrum, 
and  contrasted  with  the  black  background  due  to  the  absence  of  . 
other  light,  appear  as  bright  lines ;  that  a  glowing  solid  or  liqaidl 
(or  greatly  compressed  gaseous  body)  gives  out  light  in  which  all 
colors  are  present,  forming  a  continuous  spectrum  ;  and  that  if  a 
cooler  gas  is  placed  in  front  of  a  luminous  solid  or  liquid  body  it 
will  absorb  some  of  the  light  of  the  latter— just  those  kinds  of 
rays  which  the  gas  is  tapable  of  emitting — and  the  continuous 
spectrum  of  the  solid  will  be  darkened  where  the  bright  lines 
the  gas  would  appear  if  the  solid  body  were  removed.  Every  ele- 
ment has  its  own  characteristic  spectrum,  which  can  be  recog- 
nized either  by  its  api^earance  or  by  measurement.  It  is  not  pos- 
sible to  consider  here  all  the  modifications  which  should  be  made 
of  these  very  general  statements. 

The  spectroscope,  when  applied  to  the  study  of  the  heavenly 
bodies,  is  used  in  connection  with  a  telescope,  as  without  the 
latter  there  would  be  insufficient  light.  The  spectrum  of  a  nebula 
was  observed  with  such  a  combination  of  instruments  for  the 
first  time  by  Dr.  Huggins  in  1864-. 

What  do  we  learn  about  the  Andromeda  nebula  when  we  dit 
our  spectroscope  upon  it?  The  result  is  disappointing.  The 
spectrum  is  continuous,  and  it  is  very  faint.  So  far,  then,  the 
nebula  appears  to  be  composed  of  solid  or  liquid  bodies,  but  wc 
must  be  cautious  about  drawing  even  this  ver^*  general  conclu- 

•  A  lecture  by  James  E.  Keelcr,  Allcghctiy  Ob«ervatory,  delivered  before  the 
Academy  of  Science  and  Art,  of  Pittsburg,  on  Nov.  6,  1891* 

Note, — Kefcrenccs  to  the  lantern  slides  which  were  exhibited  in  connc 
with  this  lecture  have  been  lariyely  omitted.    The  list  of  such  illustrattoftn 
large,  showing  the  latest  and  best  work  done  in  observing  the  nebulae.    We  arc" 
sorry  that  we  can  not,  as  we  intended  to  do,  give  some  of  these  illustrations.— Ed. 
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sion.  So  feeble  a  continuous  spectrum  may  be  due  to  a  gas,  even 
under  a  moderate  pressure.  The  testimony  of  the  spectroscope  is 
simply  inconclusive.  It  is  true  that  some  very  slight  brighten- 
ings  have  been  suspected  at  two  or  three  places  in  the  continuous 
spectrum,  but,  if  real,  they  are  so  very  faint  that  without  farther 
investigation  it  would  be  unprofitable  to  base  any  conclusions  on 
them. 

Here  is  a  magnificent  photograph  of  the  Orion  nebula,  taken  by 
Mr.  Common.  I  may  remark  that  as  the  different  parts  of  a  neb- 
ula are  of  very  different  degrees  of  brightness,  it  is  impossible  to 
show  the  whole  object  clearly  in  one  photograph.  The  exposure 
which  is  necessary  to  bring  out  the  faint  portions  is  too  great  for 
those  that  are  bright.  The  exposure  of  the  picture  which  is  on 
the  screen  was  skillfully  chosen  so  as  to  show  the  greatest  possi- 
ble extent  of  the  nebula  without  obscuring  the  outlines  which  are 
familiar  to  the  eye.  Here  is  another  very  wonderful  photograph, 
taken  at  Harvard  College  Observatory.  The  exposure  was  so 
long  that  the  nebula,  as  we  see  it  in  the  telescope,  is  unrecogniz- 
able, but  this  over-exposed  photograph  shows  that  the  nebula 
extends  to  vastly  greater  distances  than  it  can  be  traced  by  the 
eye,  so  that  it  covers  a  large  part  of  the  great  constellation  of 
Orion. 

The  chief  characteristic  of  the  Orion  nebula,  as  compared  with 
the  class  of  nebuke  hitherto  considered,  is  its  spectrum,  which 
consists  of  a  number  of  bright  lines.  Apparently  we  have  to  do, 
in  this  case,  with  an  immense  mass  of  glowing  vapor,  and  nebulae 
giving  a  bright  line  spectrum  have  been  classed  as  gaseous  neb* 
ube. 

Scattered  through  the  sky  are  many  nebulae  of  this  class  which 
present  small  round  discs  of  a  greenish  blue  color,  and  from  their 
resemblance  to  the  disc  of  a  planet  they  were  called  by  Herschel 
planetary  nebulae.  The  diagram  represents  the  planetary  nebula 
known  as  G.  C.  4390.  (No.  4390  in  Sir  John  HerschePs  General 
Catalogue  of  nebulae.)  It  shows  a  round  disc,  brightening 
toward  the  center,  where  there  is  a  small  star. 

Viewed  with  a  large  telescope,  the  structure  of  a  planetary 
nebula  is  not  always  as  simple  as  it  appears  to  be  when  seen  with 
small  optical  power.  Here  is  a  diagram  of  the  nebula  G.  C.  4373 
from  a  drawing  by  Professors  Holden  and  Schaeberle  with  the 
Lick  telescope.  Within  the  circular  nebulous  background  is 
what  appears  at  first  sight  to  be  a  bright  double  ring,  but  care- 
ful  study  led  the  observers  to  conclude  that  it  is  really  a  great 
spiral. 


As  in  the  nebulse  represented  in  these  diagTams,  the  middle 
point  of  a  planetary  nebula  is  usually  marked  by  a  small  star. 
With  the  Lick  telescope  1  have  never  found  an  exception,  all  the 
nebulae  of  this  class  which  I  have  examined  having  a  star  tuiually 
exactly  in  the  center. 

It  IS  impossible  that  this  critical  position  of  a  star  should  in 
every  case,  be  the  result  of  chance.  There  is  some  counectioii 
between  the  star  and  the  nebula.  Is  the  bright  point  always 
found  at  the  center  of  a  real  star,  or  is  it  a  condensation  of  nebu- 
losity, or  are  both  the  same  thing? 

In  the  case  of  G.  C.  4390,  the  stellar  point  in  the  center  is 
shown  by  both  the  telescope  and  the  spectroscope  to  be  undoubt- 
edly a  condensation  of  nebulous  matter,  but  in  other  planetary 
nebulae  it  is  more  like  a  star,  and  in  some  cases  it  is  difficult  to 
say  whether  the  object  is  a  planetar^^  nebula  with  bright  nucleus, 
or  a  nebulous  star.  Some  stars,  then,  at  least,  are  formed  by  the 
condensation  of  nebulosity,  for  the  reverse  of  the  relationship, 
that  the  star  is  the  parent  of  the  nebula,  is  hardly  admissible. 

It  is  interesting  to  note  that  it  was  the  consideration  of  this 
class  of  objects  which  led  Herschel  to  conclude  (of  course  long  l>e' 
fore  the  s]>ectroscope  was  invented)  that  there  is  a  ** shining 
fluid  '*  in  space,  and  that  all  nebul£e  are  not,  as  was  then  sup- 
posed, clusters  of  stars  too  remote  to  he  resolved  by  the  telescope. 
The  bright  star,  he  argued,  must  actually  he  in  the  center  of  the 
nebula.  If,  then,  the  nebula  is  so  remote,  the  magnitude  of  the 
central  star  must  be  so  great  as  to  transcend  all  the  bounds  of 
probability.  On  the  other  hand,  if  the  central  point  is  an  ordin- 
ary star,  comparatively  close  to  us,  the  bodies  which  give  out  the 
nebulous  light  must  be  so  small  as  not  properly  to  be  regarded  as 
stars  at  all.  He  further  regarded  this  self-luminous  matter  as 
**  more  fit  to  produce  a  star  by  its  condensation,  than  to  depend 
on  the  star  for  its  existence/' 

Let  us  now  turn  to  this  colored  diagram,  representing  the  spec- 
trum of  the  planetary  nebula  G.  C,  4390,  with  a  solar  spectrum 
above,  for  reference.  The  spectrum  consists,  as  you  see,  of  a  num- 
ber of  bright  lines,  only  three  of  which  are  conspicuous,  and  a 
narrow  continuous  spectrum  due  to  the  nucleus  of  the  nebula. 
There  is  also  a  very  faint  continuous  sjjectrum  from  the  same 
part  of  the  nebula  which  gives  the  bright  lines.  The  spectrum  of 
the  nucleus  blends  somewhat  gradually  into  that  of  the  nebula, 
and  the  bright  lines  of  the  latter  are  greatly  strengthened  where 
they  cross  the  continuous  spectrum.  The  spectroscope,  therefonc, 
shows  conclusively  that  the  central  star  is  really  in  the  nebula, 
and  a  part  of  it. 
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Does  the  spectroscope  tell  us  what  the  substances  are  that  give 
these  bright  lines  ?  We  observe  that  three  of  the  lines  correspond 
exactly  in  position  with  lines  of  hydrogen  in  the  solar  spectrum 
above.  Beyond  the  limits  of  the  diagram  are  other  hydrogen 
lines  which  have  been  photographed.  Hydrogen,  therefore,  is 
certainly  an  important  constituent  of  the  nebulae.  The  two 
brightest  lines  in  the  nebular  spectrum  have  not  been  accounted 
for.  No  terrestrial  element  that  we  are  acquainted  with  gives 
lines  in  exactly  the  same  place.  There  is  some  slight  evidence 
that  both  lines  are  due  to  the  same  substance. 

The  nebulae,  then,  appear  to  be  immense  masses  of  glowing 
vapor,  containing  hydrogen  and  unknown  substances.  From 
the  character  of  the  lines,  the  gases  seem  to  be  very  hot  and  ex- 
tremely tenuous. 

Mr.  Lockyer,  the  distinguished  English  spectroscopist,  holds  a 
very  different  view  from  this.  He  regards  the  nebulae  as  made  up 
of  swarms  of  meteorites,  their  luminosity  being  due  to  innumer- 
able collisions  among  the  separate  particles  of  the  swarm.  The 
brightest  of  the  nebular  lines  is,  according  to  him,  a  band  or 
*** fluting"  due  to  magnesium,  its  fluted  aspect  not  being  apparent 
on  account  of  insuflScient  brightness.  It  is  stated  that  the  mag- 
nesium fluting  in  question  appears  at  low  temperature,  and  hence 
it  is  not  necessary  to  consider  the  nebulae  as  intensely  heated. 
This  view  of  Mr.  Lockyer*s  is  but  a  part  of  a  very  general  hy- 
pothesis which  he  has  advanced,  covering  the  whole  field  of 
stellar  evolution. 

Some  phenomena  presented  by  the  nebulae  are  certainly  more 
easily  explained  by  this  hypothesis.  It  is  difficult  to  conceive  of 
the  nebulae  as  intensely  heated,  but  if  we  regard  them  as  purely 
gaseous  we  must  suppose  them  to  be  either  very  hot  or  else  elec- 
trically excited,  and  we  have  no  independent  evidence  in  favor  of 
the  latter  supposition.  On  the  other  hand,  the  meteoritic  hypoth- 
esis, so  far  as  the  nebulae  are  concerned,  finds  little  support  in  the 
actual  phenomena  observed  with  the  spectroscope.  With  power- 
ful apparatus  the  brightest  nebular  line  does  not  agree  either  in 
appearance  or  in  position  with  the  fluting  of  magnesium.  Other 
lines,  which  should  be  present  according  to  the  hypothesis,  are 
missing.  The  general  testimony  of  the  spectroscope  is  in  favor  of 
the  view  first  mentioned,  that  the  nebulae  are  mainly  gaseous. 

However  this  may  be  (and  future  investigation  will  probably 
decide  the  question),  we  have  seen  that  in  some  cases  stars  are 
formed  by  the  condensation  of  this  nebulous  matter.  Is  this  true 
of  other  stars?  Have  all  the  stars  in  the  sky  been  formed  in  the 
same  way  ? 


It  is  iin possible  to  answer  this  question  definitely,  because  so 
few  cases  come  under  our  actual  observation.  In  extending  our 
generalizations  we  are  apt  to  try  to  make  everything  conform  to 
one  pattern,  and  not  to  sufficiently  take  into  account  the  possibil 
ity  of  fundamental  difference  of  structure.  The  spectra  of  such 
stars  as  we  have  considered  differ  from  ordinary  stellar  spectra, 
and  if  the  difference  is  due  merely  to  a  progressive  change  of  de- 
velopment»  the  steps  of  the  process  are  not  obvious.  There  is, 
however,  evidence  to  show  that  condensation  of  nebulous  matter 
may  produce  stars  of  a  kind  better  known.  In  the  beautiful 
cluster  called  the  Pleiades  we  have  an  assemblage  of  stars,  with 
spectra  of  the  most  common  type,  which  in  no  way  seem  to  differ 
from  other  stars  in  the  sky.  But  only  a  few  years  ago  the  Henry 
Brothers,  of  the  Paris  Obser\'ator\%  found  by  photography  that 
the  whole  background  of  the  Pleiades  is  nebulous.  Faint  wisps 
of  nebulousity,  so  dim  that  for  years  they  eluded  the  telescope* 
cling  to  the  principal  stars,  and  establish  beyond  doubt  the  fact 
of  physical  connection  between  the  stars  and  the  nebula* 

The  stars  in  the  trapezium  of  the  nebula  of  Orion  are  shown 
by  the  spectroscope  to  be  formed  from  the  surrounding  nebula, 
and  in  other  parts  of  the  heavens  are  stars  in  various  stages  of 
the  process  of  evolution. 

Having  shown  that  the  stars  are  formed  from  nebuUe,  we  can- 
not consider  that  our  own  Sun,  which  is  nothing  more  than  an 
average  star,  is  an  exception,  and  of  course  his  retinue  of  planets, 
including  the  Earth,  must  have  been  formed  by  the  same  process. 
We  thus  arrive  at  the  same  conclusion  which  was  reached  by 
Kant  and  La  Place,  reasoning  on  different  data  in  the  opposite 
direction.  These  great  philosophers  gave  indepemlently  substan- 
tially the  same  explanation  of  the  phenomena  presented  by  the 
solar  system,  before  the  facts  which  we  have  just  re\4ewcd  were 
known.  That  of  La  Place  was  the  most  complete  and  elaborate, 
and  the  ** nebular  hypothesis'*  is  generally  mentioned  in  connec- 
tion with  his  name.  It  was  formed  before  the  great  principle  of 
the  conservation  of  energy  was  discovered,  and  before  it  was 
known  that  heat  and  other  forms  of  energ>'  are  mutually  con- 
vertible. Hence  some  of  the  details  as  originally  w^orked  out  by 
La  Place  require  modification  in  the  light  of  present  knowledge, 
although  his  hypothesis  is  still  tlie  basis  of  that  which  is  ncccptetl 
to-day. 

Let  us  see  what  facts  we  find  in  the  solar  system  that  arc  iade- 
pendent  of  the  laws  of  gravitRtion,  I  will  state  them  as  they  arc 
given  by  Professor  Young  in  his  General  Astronomy. 
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The  orbits  of  the  planets  and  satellites  are  all  nearly  circular. 

They  are  all  nearly  in  one  plane. 

The  revolution  of  all  planets  is  in  the  same  direction. 

There  is  a  regular  progression  of  distances. 

There  is  a  regular  progression  of  density. 

The  plane  of  the  planets'  rotation  is  nearly  that  of  the  orbit 
(except  probably  Uranus). 

The  direction  of  the  rotation  is  the  same  as  that  of  the  orbital 
revolution  (excepting  probably  Uranus  and  Neptune). 

The  plane  of  orbital  revolution  of  the  satellites  coincides  nearly 
with  that  of  the  planets'  rotation. 

The  direction  of  the  satellites'  revolution  coincides  with  that  of 
the  planets'  rotation. 

The  largest  planets  rotate  most  swiftly. 

All  these  relations  cannot  be  accidental.  If  the  planets  had 
come  into  the  system  Irom  outer  space,  like  the  comets,  they 
would  exhibit  every  diversity  of  orbit,  rotation,  etc.,  conceivable. 
We  must  suppose  that  the  Sun  and  the  planets  had  a  common 
origin. 

La  Place  took  for  the  beginning  of  the  solar  system  a  nebulous 
mass  at  a  high  temperature,  rotating  slowly  on  its  axis,  and  ex- 
tending beyond  the  orbit  of  the  farthest  planet,— in  other  words, 
the  San,  before  it  had  contracted  to  a  sphere  as  great  in  diameter 
as  the  solar  system.  As  the  mass  contracted,  its  angular  ve- 
locity increased,  according  to  a  well-known  mechanical  law^  and 
when  the  centrifugal  force  at  its  boundary  balanced  the  attrac- 
tion of  the  central  mass,  a  ring  was  abandoned,  while  the  rest  of 
the  material  went  on  contracting.  The  ring  subsequently  con- 
tracted  into  a  spherical  form,  forming  a  planet,  and  in  the  process 
secondary  rings  might  be  abandoned,  forming  satellites. 

According  to  La  Place's  hypothesis  the  outer  planets  are  the 
oldest,  and  the  Sun  is  younger  than  any  of  the  planets. 

The  theory  we  have  considered  must  be  modified  somewhat  to 
explain  all  the  facts  of  the  solar  system  as  we  now  know  them. 
The  satellites  of  Neptune  and  Uranus  have  a  retrograde  motion 
in  their  orbits,  and  it  is  probable  that  the  rotation  of  the  planet 
is  in  the  same  direction.  Again,  according  to  the  unmodified  hy- 
pothesis of  La  Place,  no  satellite  could  revolve  in  a  shorter  time 
than  the  period  of  rotation  of  its  primary ;  but  the  inner  satellite 
of  Mars  makes  a  revolution  in  only  7Mj  hours,  while  the  period  of 
the  rotation  of  Mars  is  about  24  hours.  How  are  these  ap- 
parently anomalous  facts  to  be  accounted  for? 

Another  diflSculty  in  elaborating  the  details  of  the  hypothesis. 


IS  to  show  how  a  ring  is  separated  from  the  parent  mass.  The 
particles  of  material  m  the  solar  system,  diffused  throughout  a 
sphere  of  such  enormous  magnitude  as  to  fill  the  orbit  of  one  of 
the  outer  planets,  would  have  little  or  no  cohesion.  A  series  ol 
indefinitely  thin  rings  would  apparently  be  continually  separa- 
ting at  the  circumference  of  the  nebulous  massi  instead  of  a  small 
number  of  large  rings  at  great  intervals  apart. 

The  following  explanation  appears  to  be  correct;  an  exactly 
uniform  distribution  of  matter  in  the  beginning  is  improbable;  it 
is  much  more  likely  that  small  variations  of  density  would  occur. 
Denser  portions  would  then  become  local  centers  of  condensation^ 
and  thus  it  would  be  possible  for  the  whole  mass  to  separate  into 
a  small  number  of  large  bodies,  instead  of  a  great  number  of  very 
small  ones. 

The  direction  in  which  one  of  these  large  masses  would  rotate 
after  contraction  into  a  spherical  form  would  depend  on  the  dis- 
tribution of  matter  in  the  mass  with  respect  to  the  center  of 
motion  of  the  mass  as  a  whole,  i.e.,  to  the  center  of  gravity  of  the 
whole  nebula.  The  rotation  might  come  out  direct*  or  it  might 
come  out  retrograde. 

In  general,  then,  we  should  expect  a  permanent  ring  to  be 
formed  only  under  exceptional  conditions  of  uniform  density.  We 
have  an  example  of  such  a  ring  in  the  rings  of  Saturn,— iudecd  it 
was  this  ring  system  which  first  suggested  the  general  explana- 
tion. 

In  regard  to  the  short  period  of  Phobos,  the  inner  satellite  of 
Mars,  certain  researches  of  Professor  George  Darwin  show  that 
a  retardation  of  the  motion  of  a  satellite,  and  hence  increase  in 
its  orbital  velocity  may  result  from  tidal  action  between  a  planet 
and  its  satellite.  The  enormous  length  of  time  required  for  such 
action  to  produce  a  perceptible  effect  need  not  give  us  any  trou- 
ble.   Our  resources  in  this  direction  are  unlimited. 

We  now  know  that  it  is  not  necessary  to  assume  that  the  origi- 
nal nebvilous  mass  was  intensely  heated,  for  in  the  potential 
energy  of  its  separated  particles  we  have  a  sufficient  explanation 
of  the  present  high  temperature  of  the  Sun.  It  is  the  shrinkage 
of  the  Sun  which  still  keeps  up  its  supply  of  heat,  although 
thousands  of  years  would  be  required  to  make  the  diminution  of 
its  diameter  visible  to  us.  A  shrinkage  of  only  250  feet  a  year 
would  be  sufficient  to  afford  the  outflow  of  heat  which  we  ac- 
tually see.  To  show  how  great  the  heat  resulting  from  arrested 
motion  may  be,  I  will  mention  that  the  falling  of  the  Earth  into 
the  Sun  would  generate  nearly  6000  times  the  quantity  of  hcnt 
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that  would  result  from  burning  it,  if  it  were  a  solid  lump  of  coal. 
Falling  slowly  through  resistance,  the  same  amount  of  heat 
would  be  generated,  but  it  would  not  then  be  developed  .sud- 
denly. 

Have  we,  finally  (for  it  is  impossible  to  consider  at  length  all 
these  interesting  questions),  any  evidence  in  the  physical  aspect 
of  the  planets  that  they  have  been  evolved  in  the  manner  which 
has  been  described,  or  at  any  rate  do  we  find  anything  which  is 
inconsistent  with  this  view  as  to  their  origin  ? 

In  the  case  of  the  Earth,  there  is  abundant  evidence  that  the 
surface  has  been  subjected  to  vastly  higher  temperatures  in  the 
past  than  those  which  prevail  at  present,  and  also  that  the  tem- 
perature of  the  interior  is  still  high.  The  spectroscope  shows 
than  the  Sun  and  the  Earth  are  made  up  of  essentially  the  same 
substances.  There  are  differences,  it  is  true,  but  they  are  not 
greater  than  we  should  expect  to  find  under  such  dissimilar  con- 
ditions. According  to  Professor  Rowland,  the  Earth,  if  heated 
up  to  the  temperature  of  the  Sun,  would  give  essentially  the 
same  spectrum. 

In  the  largest  planets  we  should  expect  to  find  the  stage  of 
cooling  less  advanced,  and  the  density  small.  This  latter  condi- 
tion, at  least,  actually  obtains  for  the  larger  planets,  for  we 
have: 

Density  of  Jupiter  =  1.33. 
Density  of  Saturn  =  0.72. 
Density  of  Uranus  =  1.22. 
Density  of  Neptune  =  1.11. 
that  of  water  being  1.    The  density  of  the  Earth  is  5.58. 

The  physical  conditions  we  have  referred  to  can  best  be  studied 
by  the  aid  of  some  views  of  the  planets,  Saturn  and  Jupiter. 

On  studying  the  heavens,  then,  we  learn  that  stars  are  formed 
by  the  condensation  of  nebulae,  which  recent  investigations  have 
shown  to  occupy  immense  tracts  of  sky.  The  high  temperature 
of  the  stars  is  a  necessary  result  of  the  process  of  contraction.  As 
our  own  Sun  is  a  star,  it  is  probably  formed  in  the  same  way. 
Internal  evidence,  the  phenomena  presented  by  the  solar  system, 
is  in  harmony  with  the  external  evidence.  The  nebular  hypothe- 
sis unites  all  the  known  facts  in  a  manner  satisfactory  to  the 
reason.  Of  what  was  before  the  assumed  beginning  of  the  origin 
of  the  nebula  which  is  the  starting  point  of  the  hypothesis,  sci- 
ence can  tell  us  nothing,  and  but  little  more  of  the  end.  In  the 
solar  system  we  have,  so  far  as  we  can  tell,  a  clock  which  is  run- 
ning down.    After  a  time  which  has  been  estimated  at  something 
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like  ten  million  years,  the  Sun  will  have  contracted  so  far  that  no 
more  shrinkage  will  be  possible,  its  outflow  of  light  and  heat  will 
cease,  and  all  living  things  must  perish.  It  is,  of  course,  possible 
that  something  unseen  by  our  imperfect  vision  may  intervene  to 
avert  this  dismal  end,  but  with  the  real  beginning  and  the  real 
end  we  have  nothing  to  do.  The  nebular  hypothesis  is  a  reason- 
able explanation  of  the  origin  of  the  solar  sj'Stem  as  we  see  it  to- 
day, by  the  action  offerees  which  we  still  see  in  operation  around 
us,  and  the  limits  in  time  which  it  considers  are  finite,  though 
separated  by  an  interval  inconceivably  vast. 


ON  THE  RELATIVE  ALBEDO  OF  PLANETS. 


W,  R.  S   MONCK. 


The  results  hitherto  arrived  at  with  regard  to  the  alhcdo  or  re- 
flective power  of  planets  (including  the  Moon)  cannot  I  think  be 
regarded  as  satisfactor\\  The  reason  appears  to  be  that  an  at- 
tempt has  been  made  to  determine  the  absolute  albedo,  and  for 
this  purpose  a  comparison  of  the  Sun's  light  with  that  of  the 
planet  is  necessary.  But  the  disproportion  is  too  great  for  any- 
thing like  accurate  measurement.  Even  as  compared  with  ihe 
full  Moon  the  intensity  of  sunlight  varies  according  to  diflerent 
observers  between  300,000  to  1  and  800,000  to  L  If  we  desire 
more  accurate  results  we  must,  I  apprehend,  compare  the  light 
of  the  planets  with  each  other  directly* 

Supposing  that  the  entire  surface  of  a  planet  is  illuminated  and 
Its  figure  is  spherical,  the  light  which  it  sends  us  will  be  proper- 

tional  to  — -p —  where  a  is  its  albedo^  m  its  apparent  diameter 

and  d  its  distance  from  the  Sun,  (When  the  whole  disc  is  not  iU 
luminated  an  allowance  for  the  dark  part  can  l^>e  easily  made) 
Then  if  i,  and  /^  represent  the  intensity  of  the  light  of  two  planets 
photometrically  determined,  we  have: 


a,  .  m. 


d: 


ttj^ 


Coramutiicaud  by  the  author. 


m, 


whence  again 
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(It  may  be  noticed  that  the  value  of  the  fraction  -<—  can  be 

known  with  much  greater  accuracy  than  either  c/,  or  c/,). 

Adopting  the  albedo  of  any  particular  planet  as  our  unit  we 
can  easily  obtain  the  relative  albedo  of  any  other  planet  by  this 

formula  provided  that  we  know  the  value  of  the  fraction  j  . 

This,  I  think,  Professor  Minchin's  photo-electric  cells  when  used 
with  a  powerful  telescope  and  with  adequate  precautions,  will 
give  us  with  greater  accuracy  than  any  other  known  method ;  for 
according  to  the  observations  of  the  inventor  the  sensitiveness  of 
the  cells  is  but  little  affected  by  the  color  of  the  incident  light. 
We  shall  also,  I  believe,  be  able  to  extend  our  results  from  the 
planets  to  the  Moon— taking  care,  of  course,  that  the  whole  light 
of  the  planet  in  the  one  case  and  of  the  moon  in  the  other  is  fall- 
ing on  the  cells.  An  accurate  determination  of  the  relative 
albedo  of  different  planets  might  lead  to  important  results  as  re- 
gards both  their  atmospheres  and  their  surfaces.  I  may  remark 
that  if  the  albedo  of  the  Moon  is  really  as  low  as  0.17  or  0.18 — 
in  other  words  if  82  or  83  per  cent  of  the  incident  light  is  ab- 
sorbed— it  is  difficult  to  suppose  that  the  temperature  is  as  low 
as  modem  research  seems  to  indicate. 

I  have  assumed  that  the  planets  shine  by  reflected  light  only 
and  that  no  light  is  lost  in  transmission  between  the  Sun  and  the 
planet.  On  the  latter  point,  it  is,  I  think,  pretty  certain  that 
there  is  a  loss,  but  the  amount  is  probably  so  small  as  to  be  inap- 
preciable. In  the  case  of  distant  fixed  stars,  however,  this  loss 
may  attain  considerable  dimensions. 

The  light  of  some  of  the  planets  can  be  easily  compared  with 
that  of  the  fixed  stars  and  when  the  distance  of  a  fixed  star  is 
known  we  could  thus  compare  its  brightness  with  that  of  the 
Sun  if  we  knew  the  absolute  albedo  of  the  planet.  But  knowing 
only  the  relative  albedo,  one  h3'pothetical  element  will  enter  into 
all  our  computations.  Nevertheless  we  may  be  able  to  make  a 
fair  approximation. 


THE  LUNAR   ATMOSPHERE  AND  THE  RECENT  OCCULTATION   OF 

JUPITER.* 
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According  to  Schroeter»  Gruithuisen,  Webb  and  MM.  Henry, 
one  can  occasionally  with  more  or  less  distinctness  see  a  faint 
lunar  twilight  prolonging  the  cusps  of  the  crescent  Moon,  This 
twilight,  so  called,  has  been  frequently  seen  at  Arequipa.  It  is 
most  conspicuous  when  the  Moon  has  nearly  reached  the  first 
quarter,  and  renders  those  portions  of  the  dark  limb  that  are 
situated  near  the  cusps  distinctly  brighter  than  the  remaining 
portion.  It  is  best  seen  with  a  ratherthigh  power,  and  has  been 
traced  either  across  plains  or  upon  distant  mountains  to  a  dis- 
tance of  sixty  seconds  of  arc.  This  distance  upon  the  Moon 
would  correspond  to  a  difference  of  latitude  amounting  to  Uiuti 
degrees.  The  terrestrial  twilight  extends  through  about  eighteen 
degrees,  which  indicates  that  there  is  matter  capable  uf  dispersr- 
ing  the  Sun*s  light  at  an  altitude  above  the  Earth  of  about  forty 
miles. t 

According  to  the  Greenwich  observations  of  occultations,  if  we 
assume  the  diameter  of  the  Moon  accurately  known,  the  Innar 
atmospheric  refraction  amounts  to  about  2'\  Based  upon  this 
figure  Neison  says,  **  At  present  it  can  be  taken  with  some  degree 
of  probability  that  the  density'  of  the  lunar  atmosphere  does  not 
differ  much  from  between  three  and  four  hundredths  of  that  of 
the  Earth *s/'    ♦    *    ♦ 

In  the  Sidereal  Messenger  for  April,  1890,  I  published  a 
paper  upon  some  photographs  taken  at  the  Boyden  Station  in 
California  during  an  occultation  of  Jupiter.  Unfortunately  I 
have  not  a  copy  of  that  paper  with  me,  but  the  point  of  paiticu* 
lar  interest  in  this  connection  was  that  measurements  were  made 
of  the  diameters  of  Jupiter  just  after  occultation,  and  that  a 
slight  flattening  was  detected  in  the  direction  of  the  lunar  radius 
due  presumabh'  to  refraction  by  the  lunar  atmosphere.  This 
flattening,  if  I  remember  correctly,  indicate*!  for  the  atmosphere 
a  density  not  far  from  one  four-thousandth  of  that  of  the  Earth. 
At  the  recent  occultation  of  August  12,  these  photographs 
were  repeated  under  much  more  favorable  conditions,  and  the 
flattening  of  the  disc  of  Jupiter  again  measured.  Satisfactory 
negatives  were  obtained   both  immediately  before  and   immedi* 

•  Communicate  bv  the  author. 
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ately  after  the  occultation.  It  was  found  from  these  measure- 
ments that  the  refraction  produced  by  the  lunar  atmosphere  cer- 
tainly did  not  exceed  one  second,  and  probably  not  one-half  of  a 
second  of  arc!  This  result  is  considerably  smaller  than  that 
given  by  the  Greenwich  star  occultations,  but,  as  was  stated  at 
the  time  that  they  were  published,  their  value  is  probably  too 
large  by  an  unknown  quantity,  depending  upon  our  lack  of  in- 
formation as  to  the  true  diameter  of  the  Moon.  Adopting  these 
latest  observations,  the  density  of  the  lunar  atmosphere  can  not 
exceed  one  four-thousandth,  and  probably  not  one  eight-thous- 
andth of  that  of  the  Earth.  It  would,  therefore,  be  equivalent 
to  a  pressure  of  about  ^|^  of  an  inch  of  mercury  at  the  surface. 
Although  this  value  seems  small,  it  is  by  no  means  insignificant, 
and  would  correspond  to  a  pressure  of  hundreds  of  tons  per 
square  mile  of  the  lunar  surface. 

In  the  case  of  the  Earth,  the  atmospheric  pressure  is  reduced 
one-half  by  an  ascent  of  every  three  and  a  half  miles.  Thus  at 
an  altitude  of  seven  miles  the  pressure  is  but  one  quarter  of  that 
at  sea  level.  On  the  Moon,  however,  owing  to  the  diminished 
force  of  gravity,  we  must  ascend  to  an  altitude  of  twenty-one 
miles  in  order  to  reduce  the  atmospheric  pressure  one-half.  It 
will  thus  be  seen  that  the  temperature  of  the  lunar  summits  can- 
not differ  greatly  from  that  of  the  lunar  plains,  a  result  indeed 
which  is  more  or  less  confirmed  by  the  researches  of  Professor 
Very.  It  has  been  suggested  that  the  comparative  whiteness  of 
the  lunar  summits  was  due  to  the  presence  of  snow.  We  should 
not,  however,  expect  the  difference  of  temperature  between  them 
and  the  lunar  plains  to  be  greater  than  that  produced  bjr  an  in- 
crease of  elevation  of  three  or  four  thousand  feet  upon  the  Earth. 

It  has  been  found  that  shooting  stars  and  meteors  upon  enter- 
ing oar  atmosphere  first  become  luminous  at  an  altitude  of 
about  eighty  miles.  The  barometric  pressure  at  this  altitude,  at 
0°,  is  found  by  computation  to  be  i  oiriinnj  ^^  ^^  inch.  In  the 
night  time  with  a  lower  temperature,  the  pressure  must  be  much 
less.  It  will  therefore  be  seen  that  the  lunar  atmosphere  is  quite 
sufficient  to  render  luminous  and  destroy  all  the  smaller  meteors 
before  they  can  strike  the  surface.  Indeed  the  atmospheric  pres- 
sure at  the  Moon's  surface  as  determined  by  the  photographs  of 
the  recent  occultation  should  be  about  equal  to,  but  not  much 
exceed,  that  at  forty-five  miles  above  the  surface  of  the  Earth. 
But  we  have  already  seen  that  the  Earth's  atmosphere  at  an  al- 
titude of  forty  miles  above  the  surface  is  capable  of  producing 
the  phenomenon  of  twilight.    If  the  lunar  twilight  described  at 


the  beginning  of  this  paper  is  a  genuine  phenomenon,  we  should 
then  ex]3ect  that  the  lunar  atmosphere  at  an  altitude  of  one  or 
two  miles  above  the  surface  should  be  about  equal  to  that  of  the 
Earth  at  an  altitude  of  forty  miles.  The  two  results  ag^ree  quite 
within  the  limits  of  accuracy  of  the  observations. 

Owing  to  the  slow  diminution  of  pressure  in  the  Moon's  at- 
mosphere,  we  find  that  at  an  altitude  of  fifty-three  miles,  the 
lunar  and  terrestrial  atmospheres  have  the  same  density,  and 
that  above  that  point  the  lunar  atmosphere  is  actually  the 
denser  of  the  two.  Owing  to  this  circumstance  its  atmosphere 
rises  to  a  considerably  greater  height  than  does  that  of  the 
Earth,  shooting  stars  upon  the  Moon  first  becoming  luminous  at 
an  altitude  of  about  two  hundred  and  ten  miles. 

In  the  photograph  taken  when  Jupiter  was  half  concealed  hf 
the  bright  limb  of  the  Moon,  a  dark  band  three  seconds  in 
breadth  is  seen  stretching  across  the  face  of  the  planet,  tangen 
to  the  Moon's  limb.  This  dark  band  was  also  observed  visually* 
When  Jupiter  reappeared  from  behind  the  dark  limb  of  the 
planet  no  such  band  was  seen,  nor  does  it  appear  upon  the  pho* 
tograpbs.  Since  this  band  was  photographed  it  cannot  well  be 
due  to  an  optical  illusion,  and  since  it  was  seen  it  can  hardly  be 
classed  as  a  photographic  defect, ^-unless  indeed  wc  suppose  that 
by  a  coincidence  both  conspired  to  produce  the  same  result.  The 
visual  observations  were  made  by  Mr.  Douglass,  who  employed 
a  five-inch  refractor  with  a  power  of  seventy-five  diameters,  A 
ray  of  light  tangent  to  the  Moon*s  limb  would  pass  through  IGd 
miles  of  its  atmosphere  before  it  reached  an  altitude  of  3"  as  seen 
from  the  Earth.  Unless  this  atmosphere  contained  some  dust  or 
moisture  in  the  form  of  cloud,  it  would  hardly  seem  sufficient  to 
produce  the  absorption  observed.  If  the  absorption  were  due  to 
moisture,  it  would  naturally  not  be  seen  upon  the  dark  limb,  as 
it  would  l>e  condensed  and  precipitated  by  the  cold. 

It  is  sometimes  referred  to  as  a  singular  fact  that  the  lunar  bU 
mosphere  should  be  so  rare.  It  is  possible,  however,  that  an  ex- 
planation may  be  found  for  this  phenomenon.  If  we  adopt 
Professor  Darwin's  ingenious  hypothesis  that  the  Moon  once 
formed  part  of  the  Earth,  we  may  fairly  assume  that  when  the 
two  bodies  parted  company  the}*  divided  their  common  atmos- 
phere equally  between  them,  in  proportion  to  their  respective 
masses.  Since  the  Moon*s  mass  is  to  that  of  the  Earth  as  1  to 
81. 4-,  and  its  surface  as  1  to  13.5,  its  atmosphere  would  then 
have  contained  almost  exactly  one-sixth  as  many  molecules*  per 
aquare  mile  as  that  ol  the  Earth.    But  since  the  force  of  gravity 
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at  the  Moon's  surface  is  also  one-sixth  of  that  at  the  surface  of 
the  Earth,  the  density  of  the  lunar  atmosphere  must  have  been 
one  thirty-sixth  of  that  of  the  Earth.  This  would  correspond  to 
a  pressure  of  0.83  inches  of  mercury  at  the  Earth's  surface,  and 
we  should  not  under  any  circumstances  expect  to  find  a  lunar  at- 
mosphere of  greater  density  than  this. 

If  a  particle  should  fall  upon  the  Moon  from  an  infinite  distance 
acted  upon  solely  by  the  Moon's  gravity,  it  would  acquire  a  ve- 
locity of  1.5  miles  per  second.  And  conversely,  if  thrown  from 
the  Moon  with  this  velocity,  it  would  never  return. 

According  to  the  researches  of  Professors  Langley  and  Very, 
the  temperature  of  the  Moon's  surface  may  be  taken  at  about  0° 
centigrade.  There  is  no  reason  to  suppose  that  any  particle  sit- 
uated in  the  immediate  vicinity  of  the  Earth's  orbit,  would 
possess  a  much  lower  temperature  than  this,  if  exposed  to  the 
Sun's  rays.  At  this  temperature  the  molecules  of  nitrogen  com- 
posing our  atmosphere  have  a  mean  velocity  of  rather  less  than 
one-third  of  a  mile  per  second,  and  the  molecules  of  oxygen  a 
mean  velocity  of  rather  more  than  one  quarter  of  a  mile.  These 
are  their  mean  velocities,  but  some  of  these  particles  are  un- 
doubtedly moving  at  a  very  much  slower  rate  than  this,  and 
some  a  great  deal  faster.  When  there  are  many  of  them  they  are 
changing  their  velocities  millions  of  times  every  second,  owing  to 
mutual  collisions.  But  where  there  are  only  comparatively  few 
of  them  as  would  be  the  case,  for  instance,  near  the  outskirts  of 
the  lunar  atmosphere,  it  would  frequently  happen  that  one  ot 
these  molecules  possessing  five  or  six  times  the  average  velocity 
of  the  rest  would  not  meet  any  other  molecule  in  its  path  to  stop 
it,  and  it  would  then  be  carried  away  from  the  Moon  never  to  re- 
turn to  it  again,  unless  brought  back  by  the  attraction  of  some 
other  outside  body  such  as  the  Earth  or  the  Sun.  We  thus  see 
that  even  now  the  Moon  must  be  constantly  losing  whatever  at- 
mosphere it  possesses,  while  it  has  no  means  whatever  of  recover- 
ing  it. 

This  course  of  reasoning  does  not  apply  to  the  same  extent  to 
the  Earth,  for  owing  to  its  greater  mass,  a  molecule  to  escape 
from  its  grasp  must  have  a  velocity  of  very  nearly  seven  miles  per 
second.  It  must  be  a  rare  thing  for  a  molecule  to  have  twenty 
times  the  mean  velocity  of  its  neighbors,  and  therefore  if  we  are 
losing  our  atmosphere  at  all  from  this  cause,  it  must  be  taking 
place  very  slowly  indeed.  If  our  atmosphere  instead  of  consist- 
ing of  oxygen  and  nitrogen,  had  been  made  up  wholly  of  hydro- 
gen gas,  it  would  have  been  a  very  different  matter.    At  a  tem- 


perature  of  0^  the  mean  velocity  of  the  hydrogen  molecules  is 
over  a  mile  per  second,  and  an}-  molecule  having  six  times  the 
mean  velocity  of  its  fellows,  and  not  suftering  from  a  collision, 
would  be  carried  away  from  the  Earth  never  to  return.  Thus  at 
the  present  time  it  wx>uld  be  quite  impossible  for  the  Earth  to  re- 
tain for  a  long  period  a  dense  atmosphere  of  hydrogen  gas.  If 
this  is  the  case  at  present  it  must  have  been  still  more  markedly 
so  in  pre-geological  times,  if  the  Sun  were  then  hotter,  because  the 
latter  would  then  have  been  able  to  maintain  the  hydrogen 
molecules  exposed  to  its  rays  at  a  temperature  higher  than  0*^, 
and  their  velocities  would  therefore  have  been  still  greater.  Un- 
der these  circumstances  the  question  arises  whether  the  tempera- 
ture of  the  Earth  could  then  have  been  high  enough  to  disasso- 
ciate steam  into  its  component  gases.  It  does  not  seem  as  if  the 
temperature  of  the  Earth  and  Moon  could  have  been  as  great  as^ 
this  when  they  parted  company,  for  we  find  apparently  ev]dencei| 
of  the  action  of  w^ater  upon  the  surface  of  the  latter,  and  we  can 
hardly  conceive  of  a  volcanic  eruption  without  the  presence  of 
some  w^ater. 

It  will  thus  be  seen  that  only  upon  large  bodies  could  we  ex- 
{>ect  to  find  an  atmosphere  of  hydrogen  gas,  unless  the  body  is 
located  in  a  portion  of  space  where  the  temperature  is  very  low. 
Also  that  upon  small  bodies  like  our  Moon,  we  should  expect  to 
find  the  proportion  of  oxygen  and  carbonic  acid  in  the  atmo- 
sphere greater  than  with  us,  and  that  their  atmospheres  woukl 
also  be  less  dense.  This  course  of  reasoning  applies  with  less 
force  to  the  planet  Mars,  since  being  at  a  greater  distance  from 
the  Sun,  the  velocity  of  the  outer  molecules  of  its  atmosphere 
would  be  materially  diminished,  still  it  would  not  surprise  us  to 
find  that  it  possessed  less  water  and  less  atmosphere  than  thc^ 
Earth.  The  condition  of  Venus  is  similar  to  that  of  the  Earth* 
Init  with  Mercury  quite  a  new  condition  of  affairs  arises.  At 
perihelion  distance  this  planet  receives  from  the  Sun  ten  times  as 
much  heat  per  square  mile  as  does  the  Earth,  Since  the  veloci- 
ties of  the  molecules  of  a  gas  increase  as  the  square  roots  of  their 
absolute  temperatures,  it  will  be  seen  that  notwithstanding  its 
considerable  density,  it  would  be  quite  impossible  for  tliis  planet 
to  retain  any  atmosphere  at  all  comparable  with  that  of  our 
Earth.  I  may  add  that  our  observations  upon  the  length  of  the 
cusps  of  Mercur\'  made  in  Arequipa  entirely  confirm  this  \ncw. 

AkEQiiPA,  Peru,  Aug*  29,  1892. 
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The  wide  interest  in  astronomical  research  is  well  illustrated  by 
the  freqent  gifts  of  large  telescopes  to  astronomical  observatories 
by  wealthy  donors  who  are  not  themselves  professional  students 
of  astronomy.  The  number  of  these  gifts  is  continually  increas- 
ing, and  in  no  department  of  science  has  greater  liberality  been 
displayed.  Unfortunately,  the  wisdom  shown  in  the  selection  of 
good  locations  for  the  telescopes  has  not  equalled  the  generosity 
with  which  they  have  been  given.  Political  or  personal  reasons, 
rather  than  the  most  favorable  atmospheric  conditions,  have  in 
almost  all  cases  determined  the  site.  These  telescopes  have  been 
erected  near  the  capitals  of  countries  or  near  large  universities, 
instead  of  in  places  where  the  meteorological  conditions  would  per- 
mit the  best  results  to  be  obtained.  The  very  conditions  of  clim- 
ate which  render  a  country  or  city  great,  are  often  those  which 
are  unfavorable  to  astronomical  work.  The  climate  of  western 
Europe  and  of  the  eastern  portion  of  the  United  States  is  not 
suited  to  good  astronomical  work,  and  yet  these  are  the  very 
countries  where  nearly  all  the  largest  observatories  of  the  world 
are  situated.  The  great  number  of  telescopes  thus  concentrated 
renders  it  extremely  difficult  for  a  new  one  to  find  a  useful  line  of 
work.  The  donor  may  therefore  be  disappointed  to  find  so  small 
a  return  for  his  expenditure,  and  the  opinion  has  become  preval- 
ent that  we  cannot  expect  much  further  progress  in  astronomy 
by  means  of  instruments  like  those  now  in  use.  The  imperfec- 
tions of  our  atmosphere  appear  to  limit  our  powers,  and  are 
more  troublesome  relatively  with  a  large  than  with  a  small  tele- 
scope. Accordingly,  it  has  not  been  the  poHc3''  of  the  Harvard 
College  Observatory  to  attempt  to  obtain  a  large  telescope  to  be 
erected  in  Cambridge.  In  order  to  secure  the  greatest  possible 
scientific  return  for  its  expenditures,  large  pieces  of  routine  work 
have  by  preference  been  undertaken,  which  could  be  done  with 
smaller  instruments.  These  conditions  are  now,  however, 
changed.  A  station  has  been  established  by  this  Observatory 
near  Arequipa  in  Peru,  at  an  altitude  of  more  than  eight 
thousand  feet.  During  a  large  part  of  the  year  the  sky  of 
Arequipa  is  nearly  cloudless.  A  telescope  having  an  aperture  of 
thirteen  inches  has  been  erected  there,  and  has  shown  a  remark- 
able degree  of  steadiness  in  the  atmosphere.    Night  after  night 


atmospheric  conditions  prevail  which  occur  only  at  rare  intervals, 
if  ever,  in  Cambridge,    Several  of  the  diffraction  rings  surround- 
ing the  brighter  stars  are  visible,  close  doubles  in  which  the  coin* 
pOTients  are  much  less  than  a  second  apart  are  readily  separated ^ 
and  powers  can  be  constantly  emplo_ved  which  are  so  high  as  to 
be  almost  useless  in  Cambridge.    In  man\'  researches  the  gain  is 
as  great  as  if  the  aperture  of  the  instrument  was  doubled.    An- 
other important  advantage  of  this  station  is  that,  as  it  is  sixtc 
degrees  south  of  the  Equator,  the  southern  stars  are  all  visibleJ 
A  few  years  ago  a  list  was  published  of  all  the  refracting  tele- 
scopes having  an    aperture    of  9.8    inches  or  more  (Sidereal 
Messenger,  1884,  p.  193).    From  this  it  appears  that  nearly  all 
of  the  largest  telescopes  are  north  of  latitude  +  35^,  although 
this  region  covers  but  little  more  than  one-fifth  of  the  entire  sur- 
face of  the  Earth.    None  of  the  seventeen  largest  and  but  one  of 
the  fifty-three  largest  telescopes  are  south  of  this  region.    Of  the 
entire  list  of  seventy-four,  but  four,  having  diameters  of  15,  11,^ 
10,  and  10  inches,  are  south  of  +  35^.    The  four  largest  tclescof 
north  of  +  35^  have  apertures  of  36,  30.  29,  and  27  inches  r^ 
spectively.     But  few   telescopes  of  the   largest    size   have   bceaj 
erected  since  this  list  was  prepared^and  the  proportion  north  and 
south  is  still  about  the  same.    It  therefore  appears  that  alxiat 
one  quarter  of  the  entire  sky  is  either  invisible  to,  or  so  low  thatj| 
it  cannot  be  advantageously  observed  by,  any  large  telescope. 
The  Magellanic  clouds,  the  great  clusters  in  Centaurus,  Tucana, 
and  Dorado,  the  variable  star  v  Argus,  and  the  dense  portions  of  J 
the  Milk}^  Wa3%  in  Scorpius,  Argo,  and  Crux,  are  included  in  thit' 
neglected  region.    Moreover^  the  planet  Mars,  when  nearest  the 
Earth,  is  always  far  south.    The  study  of  the  surface  of  this  and- 
of  the  other  planets  is  greatly  impeded  by  the  unsteadiness  of  the* 
air  at  most  of  the  existing  observatories.    Even  under  the  mo«t 
favorable  circumstances  startling  discoveries — relating^  for   ex- 
ample, to  the  existence  of  inhabitants  in  the  planets — are  not  to 
be  expected.    Still  it  is  believed  that  in  no  other  way  are  we  so 
likely  to  add  to  our  knowledge  of  planetary  detail  as  by  the  plan  . 
here  proposed.    The    great  aperture  and  focal  length   and   the 
steadiness   of  the  air  w*ill   permit    unusually    high    magnifying 
powers  to  be  employed,  and  will  give  this  instrument  correspond* 
ing  advantages  in  many  directions, — ^for  instance,  in  micrometric^ 
measures,  especially  of  faint  objects.    It  can  be  used  equally  for 
visual  and  photographic  pur|)oses,  and  in  photographing  clustens. 
small  nebulae,  double  stai-s,  the  Moon,   and  the  planets,  it   will 
)iave  unequalled  advantages. 
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A  series  of  telescopes  of  the  largest  size  (including  four  of  the 
six  largest,  the  telescopes  of  the  Lick,  Pulkowa,  U.  S.  Naval,  and 
McCormick  observatories)  has  been  successfally  constructed  by 
the  firm  of  Alvan  Clark  and  Sons.  But  one  member  of  the  firm 
now  survives,  Mr.  Alvan  G.  Clark;  and  he  expresses  a  doubt 
whether  he  would  be  ready  to  undertake  the  construction  of 
more  than  one  large  telescope  in  the  future.  The  glass  is  ob- 
tained with  difficulty  and  often  only  after  a  delay  of  years.  A 
pair  of  discs  of  excellent  glass  suitable  for  a  telescope  having  an 
aperture  of  forty  inches  has  been  cast,  and  can  now  probably  be 
purchased  at  cost,  $16,000.  The  expense  of  grinding  and 
mounting  would  be  $92,000.  A  suitable  building  would  cost  at 
least  $40,000.  If  the  sum  of  $200,000  could  be  provided  it 
would  permit  the  construction  of  this  telescope,  its  erection  in 
Peru,  and  the  means  of  keeping  it  at  work  for  several  years. 
Subsequently,  the  other  funds  of  this  Observatory  would  secure 
its  permanent  employment.  Since  a  station  is  already  estab- 
lished by  this  Observatory  in  Peru,  a  great  saving  could  be  ef- 
fected in  supervision  and  similar  expenses,  which  otherwise 
would  render  a  much  larger  outlay  necessary. 

An  opportunity  is  thus  offered  to  a  donor  to  have  his  name  per- 
manently attached  to  a  refracting  telescope  which  besides  being 
the  largest  in  the  world  would  be  more  favorably  situated  than 
almost  any  other,  and  would  have  a  field  of  work  comparatively 
new.  The  numerous  gifts  to  this  Observatory  by  residents  of 
Boston  and  its  vicinity  prevent  the  request  for  a  general  subscrip- 
tion ;  but  it  is  believed  that  if  the  matter  is  properly  presented, 
some  wealthy  person  may  be  found  who  would  gladly  make  the 
requisite  gift,  in  view  of  the  strong  probability  that  it  will  lead  to 
a  great  advance  in  our  knowledge  of  the  heavenly  bodies.  Any 
one  interested  in  this  plan  is  invited  to  address  the  undersigned. 

Cambridge,  Mass,,  U.  S.  A.,  September  1892. 


GROUPS  OP  ASTEROIDS.* 


PROFESSOR  DANIEL  KIRKWOOD. 


The  conjecture  of  Dr.  Olbers  was  not  unnatural  when  in  1802  a 
second  asteroid  was  found,  having  nearly  the  same  distance  from 
the  Sun  as  Ceres.  The  nebular  hypothesis  had  not  then  taken 
the  scientific  place  which  it  soon  afterward  gained.    The  phenom- 

*  Commanicated  by  the  author. 
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breadth  of  the  outer  ring,  but  containing  317  asteroids— 24  times 
the  number  in  the  outer  section. 

2.  A  remarkable  clustering  tendency  is  found  from  3.16  to 
3.08;  a  group  of  five  occurring  in  a  narrow  strip  whose  breadth  is 
but  0.0162.    This  remarkable  group  is  where  we  find  the  relation 

„(«)  —  3|2V  +  2nvi  =  0 ;  or  n<*)  =  656''.4  ± 

Other  similar  sections  may  be  found  in  like  manner. 
a  represents  the  mean  distace ;  e  the  eccentricity ;  i  the  inclina- 
tion; ?r  the  longitude  of  the  perihelion. 
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Name  a  e  i  n 

o  /  o  / 

153  Hilda 3-9538 

190    Ismene 3-9471 

2 

107    CamiHa 3-4847 

87    Sylvia 3-4*33 

3 
260    Huberta 3-4586 

121  Hcrmionc 3-4535 

4 

65    Maximiliana 3-4339 

76    Freia 3-4«40 

229    Adelinda 3-4059 

5 

122  Gcrda 3-2177 

300    Geraldina 3.2083 

6 

154  Bertha 3-1976 

286    Idea 3.1942 

7 

92    Undina 3-1851 

297    Cecilia. 3-1752 

8 

106    Dione 3.1670 

104    Clymene 3-1556 

171    Ophelia 3- "554 

9 

94    Aurora 3.1602 

252    Clementina 3-"552 

10 

250    Bettina 3- "524 

57    Mnemo83me 3-'5'o 

11 

62    Brato 3.1241 

257    Silesia 3.1 190 

212    Medea 3-1157 


O.I64I 
0.1634 

7 
6 

52 
7 

285 
105 

29 
39 

0.0756 
0.0922 

9 
10 

54 
55 

"5 

333 

s 

O.I  103 

0.1254 

6 
7 

16 
36 

329 
357 

45 
50 

0.1062 

0.1699 
O.I5I8 

3 

'  2 
2 

29 

3 
10 

259 

90 

333 

54 
49 
37 

0.0415 
0.0423 

I 
0 

37 
47 

203 
331 

45 

I 

0.0787 
0.0123 

20 
"7 

59 
57 

190 
352 

47 
40 

0. 1024 

0.1450 

9 
7 

57 
3" 

33" 
329 

27 

2 

0.1788 
0.1470 
0. 1 142 

4 

2 
2 

38 
53 
33 

62 
148 

57 
30 
3" 

0.0827 
0.0837 

8 
10 

4 

2 

48 
355 

46 
8 

0.1303 

O.I  145 

12 
15 

54 
24 

87 
53 

28 
25 

0.1756 

O.I2I7 
O.IOI3 

2 
3 

4 

12 

40 
16 

56 

0 
16 
18 
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27 

Name  a 

79    EaTynome 2.4436 

19    Fortuna 2.4413 

28 

249    Use 2.3793 

115    Thyra 2.3791 

84    Clio 2.3629 

29 

306    Unitas 2.3623 

169    Lelia 2.3577 

163    Erigone 2.3560 

30 

219  Thusnelda 2.3542 

220  Stephania 2.3505 

12    Victoria 2.3342 

284    Amelia  2.3532 

18    Melpomene 2.2956 

31 

207    Hedda 2.2838 

40    Harmonia 2.2673 

32 

270    Anahita 2.1976 

281    Lncretia 2.1859 

244    Sita 2.1765 


0.1945 
0.1594 

4 
I 

37 
33 

44 
31 

22 
3 

0.2195 
0.1939 

0.2360 

9 
II 

9 

22 

35 
40 

14 

43 

339 

16 

2 
20 

O.I5I5 

o«3«3 
0.1567 

7 

5 
4 

14 
31 
42 

326 
93 

48 
20 
46 

0.2247 
0.2571 
0.2189 
0.2195 
0.2197 

10 

1 

8 
10 

47 
34 
23 

5 
9 

340 
333 
301 
288 

"5 

IS 

39 

57 

5 

0.0301 
0.0466 

3 

4 

49 
16 

217 
0 

2 
54 

0.1501 
0.1322 
0.1370 

2 

5 

2 

26 
>9 
50 

332 
45 
13 

23 
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Fonnation  of  the  Baltimore  ABtronomical  Society.— The  Baltimore  Astronomi- 
cal Society,  which  was  organized  in  this  city  on  September  6th,  held  its  first  regu- 
lar meeting  at  No.  323  North  Charles  street.  The  society  is  in  its  infancy,  and  is 
composed  of  amateur  scientists,  who  devote  much  time  to  the  study  of  the 
planets.  There  were  twenty  persons  present  at  the  meeting.  The  officers  of  the 
society  are  George  Gildersleeve,  president;  Dr.  J.  R.  Hooper,  vice  president ;  Jus- 
tice Stahn,  secretary,  and  William  Numsen,  treasurer.  The  members  of  the  so- 
ciety who  have  observatories  are  as  follows :  George  Gildersleeve,  observatory  on 
North  Charles  street,  consists  of  6-inch  telescope,  made  by  Dr.  Hastings.  Most 
of  his  observations  are  confined  to  the  Sun,  and  he  possesses  records  of  spots  on 
the  Sun,  all  double  stars  and  comets  seen  for  the  last  fifteen  years.  Dr.  J.  R.* 
Hooper's  observatory  is  on  Lincoln  avenue,  and  consists  of  a  5-inch  Clark  tele- 
scope. Comets  are  his  pet  subjects  of  obser\'ation.  Dr.  Clark  is  also  the  posses- 
sor of  the  4-inch  telescope  used  at  the  Eclipse  expedition  in  1884,  by  Dr.  Hasting 
who  at  that  time  was  connected  with  the  John  Hopkins  University.  William 
Numsen's  observatory  is  located  at  Arlington,  and  has  a  4-inch  Cook  telescope. 
Wm.  Pitt's  observatory  on  St  Paul  street  is  equipped  with  6-inch  refractor  and 
refkctor.  and  two  small  telescopes.  Mr.  Justice  Stahn,  the  secretary  of  the  society 
has  an  observaton.-  at  his  home  on  Ensor  street,  where  he  uses  a  4V^inch  refrac- 
tor and  spectroscope. 

The  society  will  hold  meetings  once  a  month. 


THE  YERKES  OBSERVATORY  OF  THE  UNIVERSITY  OP  CHICAGO.* 


GBORGB  U.  aALB.  Dllt&CTOR. 


Through  the  munificence  of  Charles  T.  Yerkes  of  Chicago,  the 
l^niversity  of  Chicago  is  to  have  an  astronomical  observatory  of 
the  first  class*  Indeed,  it  is  Mr,  Yerkes'  express  desire  that  ia 
every  particular  the  new  observatoi*y  shall  as  nearly  as  possible 
attain  the  existing  ideas  of  perfection.  No  definite  limit  hats  as 
yet  been  assigned  to  the  expenditure  contemplated,  but  the  gen- 
erosity of  the  donor  is  fully  indicated  bv  his  wish  that  the  com- 
pleted observatory  shall  be  second  to  none. 

The  aperture  of  the  great  telescope,  which  will  form  the  central 
feature  of  the  establishment,  will  shortly  be  decided  upon  in  ac* 
cordance  with  the  condition  that  it  must  surpass  that  of  tlie 
largest  existing  instrtiment--the  36-inch  refractor  of  the  Lick  Ob- 
ser\'ator_v.  It  is  probable  that  a  size  between  40  and  45  inches 
will  be  selected.  A  pair  of  40-iiich  discs  of  glass,  which  were 
made  some  time  ago  for  the  University  of  Southern  California, 
are  now  for  sale,  and  these  may  possibly  be  olxtained.  Should 
they  be  secured,  some  time  would  be  saved  in  completing  the  tele- 
scope, but  it  is  not  altogether  certain  that  they  will  be  consid- 
ered large  enough  by  the  liberal  donor. 

The  mounting  of  the  telescope  is  already  under  discussion,  and 
its  general  features  have  been  decided  upon.  The  quick  and  slow 
motions  of  the  telescoijc,  clamping  in  right  ascension  and  declina- 
tion, rise  and  fall  of  the  floor  upon  which  the  observer  stands, 
rotation  of  the  dome,  etc.,  will  all  be  operated  by  electric  push- 
buttons within  easy  reach  of  the  astronomer  at  the  eye-end  of 
the  instrument.  They  will  also  be  under  the  control  of  an  assist- 
ant seated  at  a  table  on  the  rising  floor.  Electric  devices  for 
operating  large  telescopes  have  not  hitherto  been  employed,  even 
on  the  great  Lick  telescope.  Thev  were  long  ago  suggested, 
however,  notably  by  Sir  Howard  Gnibb  and  Dr.  David  GilK 

The  diameter  of  the  dome  will  nnturally  depend  upon  the  focal 
length  of  the  telescope,  but  it  will  probably  be  in  the  neighbor- 
hood of  85  feet.  As  in  the  case  of  the  Lick  Obscrvatorv*  and  the 
new  Naval  Observatory  at  Washington,  the  entire  Jloor  of  the 
observing  room  will  be  made  to  rise  and  fall  by  means  of  hy- 
draulic rams.    The  cumbrous  observing  chair  once  in  vogue  is 
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thus  done  away  with,  and  the  utmost  convenience  to  the  as- 
tronomer secured. 

The  remainder  of  the  observatory's  equipment  is  still  unde- 
termined, but  it  will  probably  include  a  16-inch  refractor,  12-inch 
**twin"  equatorial,  with  visual  and  photographic  objectives,  6- 
inch  meridian  circle,  and  20-inch  siderostat. 

But  the  equipment  of  an  observatory  is  only  a  means  to  an 
end.  Many  an  instance  could  be  cited  of  an  elaborate  collection 
of  instruments  lying  almost  unused,  or  at  best  contributing  little 
or  nothing  to  the  advancement  of  science.  It  is  intended  that 
the  Yerkes  Observatory  shall  be  devoted  to  investigation,  and 
even  at  this  early  day  an  outline  of  the  work  which  may  profit- 
ably be  undertaken  will  not  be  without  interest. 

It  is  of  the  first  importance  that  the  exceptional  instrumental 
equipment  of  the  new  observatory  shall  not  be  wasted  by  a  mere 
duplication  of  work  done  equally  well  elsewhere.  Evidently  a 
telescope  of  the  great  aperture  contemplated  should  not  be  em- 
ployed in  the  observation  of  objects  within  easy  reach  of  much 
smaller  instruments.  This  principle  was  steadfastly  adhered  to 
by  Mr.  Bumham  in  all  of  his  work  with  the  great  Lick  refractor. 
Wide  and  easy  double  stars  were  passed  over,  and  the  whole  time 
devoted  to  the  discovery  and  measurement  of  extremely  difficult 
pairs.  In  the  field  of  general  research  the  Yerkes  telescope  should 
be  applied  to  the  search  for  new  satellites,  the  study  of  faint  and 
difficult  details  of  planetary  markings,  the  measurement  of  Bum- 
ham's  more  difficult  doubles,  and  many  similar  observations.  In 
stellar  spectroscopy  a  great  opportunity  will  be  open,  for  the  im- 
mense light-grasping  power  of  the  new  objective  will  allow  the 
spectra  of  stars  now  beyond  our  reach  to  be  investigated.  The 
work  so  ably  begun  by  Keeler  at  the  Lick  Observatory,  on  the 
spectra  and  motions  of  the  planetary  nebulae,  should  be  continued 
and  extended.  A  new  departure  in  the  work  of  large  observa- 
tories will  be  the  inauguration  of  a  more  extensive  study  of  the 
Sun  than  has  previously  been  undertaken.  This  department 
will  be  the  special  province  of  the  writer,  and  plans  for  the  work 
have  been  fully  matured. 

It  is  safe  to  say  that  an  unprejudiced  student,  in  examining 
the  various  classes  of  work  pursued  bj^  astronomers,  would  be 
struck  by  the  small  attention  given  to  solar  investigation. 
It  is  true  that  in  1869  there  was  a  great  awakening  of  interest 
in  the  study  of  solar  spots  and  prominences,  due  to  the  novel 
methods  of  spectroscopic  research  which  had  just  been  intro- 
duced.   But,  outside  of  Italy,  there  are  but  two  or  three  obser- 


va tones  which  at  the  present  time  make  a  systematic  record  of 
solar  phenomena.  One  of  these  is  m  England,  another  in  Hun- 
gary, and  in  this  country  there  is  one.  Fragmentary  records  are 
kept  elsewhere,  but  while  important,  they  do  not  admit  oi  a 
well-balanced  study  of  the  Sun.  In  Italy  the  subject  has  re- 
ceived more  attention,  and  the  Societa  degli  Spettroscopisti  ItaJi- 
uni  (the  only  existing  society  of  sj^ectroscopists)  has  faithfully 
preserved  the  traditions  of  Secchi  and  his  associates.  Under  the 
leadership  of  Professor  Tacchini,  this  society  seems  fully  to  real- 
ize the  importance  of  closely  investigating  the  only  one  of  all  the 
stars  which  is  near  enough  the  Earth  to  be  examined  in  detail. 
But  in  spite  of  their  untiring  labors,  and  the  cloudless  blue  of 
their  propitious  skies,  it  is  possible  to  greatly  extend  the  work 
of  the  Italian  observers.  And  this  for  two  reasons.  In  the  first 
place,  their  instrumental  equipment  includes  no  telescopes  of  ver%* 
large  size,  and  in  the  second,  photographic  methods  have  not 
3^et  been  introduced  into  their  researches.  In  view  of  this  latter 
point  especially,  it  is  easy  to  see  what  possibilities  lie  open  to  the 
solar  department  of  the  Yerkes  Observatory.  In  applying  on  a 
large  scale  the  photographic  methods  devised  and  now  in  use  at 
the  Kenwood  Observatory,  and  in  adding  to  and  extending 
them,  it  will  for  the  first  time  be  possible  to  completely  investi- 
gate every  variety  of  solar  phenomena.  The  corona  should  i)cr- 
haps  be  excepted,  but  it  is  not  altogether  impossible  that  a  new 
instrument  now  being  constructed  at  the  Kenwood  Observatory 
for  the  ptirpose  of  photographing  it  in  full  sunlight  may  prove  a 
success.  With  an  automatic  apparatus,  also  devised  here  re- 
cently, photographs  of  the  Sun,  showing  all  of  the  phenomena  of 
its  surface,  will  be  taken  at  intervals  of  about  five  minutes 
throughout  the  day.  Photographs  will  also  be  taken  at  fre- 
cfuent  intervals  with  a  12*inch  photographic  objective  and  ara* 
pHfying  lens,  showing  the  Sun  on  a  scale  of  about  four  inches  to 
the  diameter,  and  others  of  individual  spots  on  a  scale  of  six- 
teen inches  to  the  diameter.  A  spectroheliograph  will  be  so  at- 
tached to  the  great  telescojK  that  photographs  of  groups  of 
facula?  and  prominences  may  be  taken  on  a  scale  of  about  seven 
inches  to  the  Sun's  diameter,  and  also,  by  the  use  of  an  amplify- 
ing lens,  on  a  scale  of  sixteen  inches  to  the  diameter.  These  pho- 
tographic observations  will  be  supplemented  by  simultaneous 
visual  observations,  and  the  s|>ectra  of  facula?,  spots  and  promt* 
nences  will  be  investigated  both  photographically  and  visually. 
Various  special  investigations  on  the  Sun  will  also  be  under* 
taken,  and  the  records  of  self-registering  magnetic  instmmcnU 
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will  assist  in  the  solution  of  the  perplexing  question  as  to  the  re- 
lation existing  between  solar  and  terrestrial  phenomena. 

The  astronomers  who  are  to  be  in  charge  of  the  other  depart- 
ments of  work  having  not  yet  been  appointed,  no  more  definite 
plans  can  at  present  be  formulated  for  the  investigations  other 
than  solar.  It  is  hoped  that  the  importance  of  the  Observatory 
will  be  measured  rather  by  its  work  than  by  its  instruments, 
and  that  the  expectations  naturally  raised  by  so  perfect  an 
equipment  will  not  be  disappointed. 

Kenwood  Observatory,  University  of  Chicago, 
Oct.  17, 1892. 


NOTE    ON    SPECTROSCOPIC  INVESTIGATIONS    AT   THE  PHYSICAI. 

INSTITUTION  OF  THE  ROYAL  SWEDISH 

ACADEMY  OF  SCIENCES.* 


PROFESSOR  B.  HASSBLBBRG. 


Among  the  works  on  spectrum  analysis  which  as  a  necessary 
complement  followed  the  fundamental  investigations  of  Ang- 
strom upon  the  solar  spectrum,  the  researches  of  Thalin  on  the 
emission  spectra  of  metals  have  long  occupied  a  prominent  place. 
And  this  with  every  reason,  for  these  researches  not  only  rep- 
resent the  first  really  scientific  inquiry  on  this  subject,  but  also 
laid  the  first  solid  ground  for  the  physical  interpretation  of 
solar  and  stellar  spectra  generally.  For  their  epoch  these  two 
works  are  to  be  regarded  as  the  very  comer  stone,  indeed,  of  the 
whole  growing  science  of  astro-physics.  The  immense  progress 
which  in  some  twenty  years  since  then  elapsed  has  been  made  in 
the  construction  of  the  spectroscope,  together  with  the  introduc- 
tion of  modem  photography  in  spectroscopy,  could  not  but 
totally  transform  this  field  of  science,  and  thus  we  now  not  only 
find  ourselves  confronted  by  a  great  many  questions  then  not 
raised,  but  also  are  in  possession  of  most  powerful  means  for 
their  solution. 

The  chief  effect  of  the  improved  spectroscope  was  to  show 
the  possibility  of  greatly  improving  upon  the  normal  solar 
spectrum  as  given  by  Angstrom,  not  only  in  regard  to  complete- 
ness but  above  all  as  to  precision  of  absolute  determination  of 
wave-lengths.  The  successive  steps  taken  in  this  direction  by 
Comu,  Vogel,  Fievez,  Miiller  and  Kempf,  Thollon,  and  more  re- 
•  Commmiicated  bv  the  author. 
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centlj  by  Rowland  in  his  magnificent  photographic  chart  of 
the  solar  spectrum »  I  scarcely  need  to  point  out  here.  In- 
deed  this  Atlas,  together  with  the  unprecedented  diffraction  grat- 
ings which  Rowland  has  put  in  the  hands  of  spectroscopists  of 
to-day,  have,  I  think,  so  totally  and  profoundly  changed  the 
whole  face  of  spectroscopic  research  that  almost  everything  pre- 
viously  done  is  to  be  gon<:  over  again  before  any  real  progress  in 
its  application  to  molecular  and  stellar  physics  can  be  made. 
This  is  especially  the  case  with  the  emission-spectroscopy  of  the 
chemical  elements,  in  which  the  progress  since  Thal^n  has  been 
slow  and  by  no  means  comparable  with  the  advancement  in  our 
knowledge  of  the  structure  of  the  solar  spectrum,  and  the  ac- 
curacy with  which  the  wave-lengths  of  the  lines  contained  therein 
are  now  determined. 

From  this  point  of  view  I  have  undertaken  a  detailed  revision 
of  the  metallic  spectra  as  they  appear  m  the  voltaic  arc*  A  simi- 
lar series  of  researches  is,  as  is  well  known  to  spectroscopists, 
also  in  progress  at  Hannover,  Germany,  where  Professors  Kayscr 
and  Runge  are  making  very  thorough  investigations  on  this 
subject,  but  without  special  attention  to  the  elimination  of 
foreign  lines  from  the  spectra.  Although  lam  fully  aware  of  the 
extraordinary  difficulty  connected  with  such  an  elimination,  and 
do  by  no  means  hope  herein  to  reach  perfection,  I  think  it  never- 
theless, worth  while  to  try  it  in  the  hope  thus  at  least  to  diminish 
the  almost  insupportable  confusion  which  now  prevails  in  this 
branch  of  spectroscopy. 

As  stated  by  Professors  Kayser  and  Runge,  the  main  scof)e  of 
their  researches  is  to  find  hannonic  series  of  lines  in  the  spectra  of 
the  elements,  and  thus  to  create  a  solid  basis  for  the  spectro- 
scopic study  of  molecular  physics.  My  researches  are  following 
up  a  somewhat  different  line  namely,  to  give  the  means  for 
a  more  accurate  investigation  of  solar  and  stellar  chemistry. 
In  regard  to  this  application  of  spectroscopy  to  astronomy  the 
present  state  of  science  must  be  acknowledged  as  lamentably  im* 
perfect,  indeed  not  only  with  reference  to  the  Sun,  of  who<se 
spectral  lines  only  a  small  part  are  as  yet  identified  with  suffi- 
cient certitude,  but,  above  all  with  reference  to  the  stars.  As  an 
instance  of  this  the  fact  may  be  mentioned  that,  notwithstand- 
ing the  great  accuracy  now  obtainable  in  the  measurement  of 
photographic  spectra  of  stars,  no  reliable  inference  can  be  made 
therefrom  as  to  their  chemical  constitution,  on  account  of  our 
present  ignorance  of  the  structure  of  the  spectra  of  the  chemical 
elemenLs,  and  the  utterly  insufficient  accuracy  in  the  position  of 
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their  lines.  It  is  also  next  to  certainty  that  much  of  the  latest 
speculation  in  stellar  physics  will  break  down  as  soon  as  the 
spectra  of  the  chemical  elements  become  known  with  an  accuracy 
of  the  same  order  as  the  solar  spectrum. 

For  the  execution  of  this  plan— which,  of  course,  was  also  the 
leading  principle  of  the  work  at  the  astro-physical  laboratory 
under  my  charge  at  the  Pulkowa  Observatory — the  physical  in- 
stitution of  the  Academy  had  to  be  equipped  with  new  and  ade- 
quate installations  for  spectroscopy  and  photography  of  the 
highest  possible  order.  Up  to  the  year  1889,  when  the  direction 
of  this  institution  was  intrusted  to  me,  the  work  carried  on  there 
had  been  chiefly  electrical,  under  the  direction  of  the  late  Professor 
Edlund ;  and  thus  it  is  plain  that  for  the  new  purposes  the  neces- 
sary experimental  means  could  not  be  available.  My  next  task 
was  then  to  supply  this  want,  and,  as  proved  by  the  work  al- 
ready done,  the  apparatus  and  appliances  acquired  are  in  every 
way  satisfactory.  First  among  these  are  to  be  named  the  excel- 
lent Rowland  gratings  obtained  from  the  workshops  of  Brashear 
in  Allegheny.  A  flat  grating  of  4  inches  and  14,438  lines  to  the 
inch  forms  the  dispersive  part  of  the  large  spectrograph  ordin- 
arily used.  As  collimator  to  this  instrument  a  Steinheil  3V^-inch 
refractor  is  employed  and  a  similar  objective  as  camera  lens.  The 
focal  lengths  of  these  objectives  are  1.5  metres.  The  grating  is 
supported  by  the  horizontal  circle  of  a  transit  instrument,  thus 
enabling  the  observer  to  bring  the  different  spectra  into  the  field 
of  view  by  turning  the  grating,  while  the  collimator  and  camera 
are  fixed  at  about  40°  to  one  another.  The  excellent  perform- 
ance of  this  instrument,  and  the  special  peculiarities  of  the 
spectra  given  by  it,  have  been  fully  described  in  my  memoir  on 
the  absorption  spectrum  of  bromine.*  A  great  6-inch  concave 
Rowland  grating  with  20,000  lines  to  the  inch  will  also  soon 
be  mounted,  and  for  spectra  of  feeble  luminosity  a  smaller  spec- 
trograph with  prisms  is  available.  The  electric  current  for 
production  of  the  voltaic  arc  is  generated  by  a  very  fine  Siemen*s 
shunt  dynamo  worked  by  a  gas  engine  of  4  HP.  For  the  study 
of  the  spectra  of  gases  the  institution  possesses,  besides  several 
induction  coils  of  small  and  medium  size,  a  great  Ruhmkorff" 
capable  of  giving,  when  worked  by  a  battery  of  12  large  Bunsen 
cells,  a  stream  of  sparks  of  50  cm . 

After  putting  all  these  appliances  in  working  order  some 
time  was  spent  in  several  preliminary  researches,  mainly  in  the 
view  to  test  the  eflSciency  of  the  apparatus.    One  of  these  re- 

*  Svenske  Vetenskapsakademiens  Handlingar,  Bd.  24,  No.  3,  1891. 
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The  Spectrum  of    Aluminium  Oxide    as    Photographed    by 
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evidently  can  as  yet  be  affirmed,  but  the  relative  homogeneity  of 
the  system  being  the  main  point,  this  is  here  a  circumstance  of 
subordinate  weight,  which  perhaps  only  the  employment  of  quite 
new  methods  for  wave-length  determination  maybe  apt  to  settle. 

For  igniting  the  oxide  the  employment  of  massive  bars  of  alum- 
inium as  electrodes  in  the  lamp  is  not  practicable,  because  the  cur- 
rent is  soon  interrupted  by  the  oxide  immediately  formed.  In- 
stead of  this  I  have  introduced  small  fragments  of  the  metal  into 
the  crater  of  the  lower  hotter  carbon  electrode  and  thus  obtained 
an  arc  of  sufficient  steadiness,  in  which  the  oxide  was  evaporated. 
Together  with  the  spectrum  of  the  oxide  the  plates  then  of  course 
contain  also  a  number  of  foreign  lines  mainly  pertaining  to  iron 
from  the  carbon  poles.  Happily  the  carbons  now  prepared  by 
Siemens  at  Berlin  are  very  pure,  and  in  consequence  neither  the 
number  nor  the  strength  of  these  lines  is  of  any  importance.  On 
the  contrary,  their  presence,  namely  that  of  the  iron  lines,  is  of 
very  great  use  as  a  check  on  the  unaltered  position  of  the  spectro- 
graph during  the  time  of  exposure.  Nothing  short  of  such  an  im- 
mediate criterion  can  assure  freedom  from  constant  errors  in 
relative  determinations  of  wave-lengths  of  the  present  nature. 

The  results  obtained  are  contained  in  a  catalogue  of  wave- 
lengths of  about  3,000  lines.  The  probable  error  of  these  values 
does  not  in  general  exceed  ^  0.02  X-metres.  Besides  the  lines  of 
aluminium-oxide  the  catalogue  contains  also  the  standard  solar 
lines  employed,  in  order  that  every  correction  which  these  stand- 
ards may  need  in  the  future  can  immediately  be  arpplied  to  the 
corresponding  part  of  the  catalogue.  It  must  be  understood, 
however,  that  this  list  of  lines  does  not  include  everjrthing  visible 
of  the  spectrum,  but  only  the  most  prominent  features  of  it,  as 
contained  in  the  four  great  flutings  in  the  green,  blue  and  violet. 
The  yellow  fluting,  which  in  instruments  of  small  power  is  well 
seen,  becomes  here  very  insignificant,  and  therefore  does  not 
deserve  more  special  attention  than  the  crowd  of  very  feeble  lines 
which  fill  almost  the  whole  extreme  violet  and  whose  determina- 
tion would  have  unduly  prolonged  this  preliminary  inquiry. 

In  order  to  give  an  idea  of  the  magnificent  structure  of  these 
flutings  as  seen  on  my  photographs,  the  memoir  is  accompanied 
by  a  photo typic  reproduction  of  my  drawing  of  the  main  flut- 
ing in  the  neighborhood  of  F.  From  the  same  drawing  the  an- 
nexed plate  is  also  copied  in  reduced  size. 

After  terminating  this  inquiry,  the  main  investigations  on  the 
arc-spectra  of  metals  were  commenced.  From  an  astro-physical 
point  of  view,  the  spectrum  of  iron  is  indeed  of  first  importance. 


As,  however,  through   the  investigations  of  Thalen  and  Kayser 
and  Runge,  our  knovsrledgc  of  this  spectrum  may  be  considered 
tolerably  perfect,  I  thought  it  of  next  importance  to  make  a  simi- 
lar study  of  chromium,  nickel,  cobalt  and  manganese,  of  whc 
spectroscopy  only  the  outlines  are  as  yet  roughly  known.    In  th4f  ^ 
first  of  these  spectra,   the   researches  of  Muggins,   Thal^n   and 
Lockyer  give  altogether  onl^'  about  70  lines»  whereas  on  my 
plates,  about  800  have  been  recorded  between  D  and  A  345.    A 
similar  proportion  will  also   probably  hold  good   for  the  other 
metals.    With  the  aim  to  eliminate  foreign  lines,  the  spectra 
also  photographed  by  pairs  on  the  same  plate,  e.  jg^.,  chromiur 
and  nickel,  chromium  and  iron,  and  so  on,  thus  enabling  the  ob-il 
server  to  judge  exactly  of  any  coincidence,  and  in  such  cashes  to 
trace  the  lines  in  question  to  their  most  probable  origin.    In  thisj 
way  I  I  have  found  that  when  exact  coincidence  occurs  betweeal 
lines  in  two  such  spectra  the  origin  of  the  lines  may  generally  be 
determined  without  difficulty  from  the  ratio  of  their  intensities. 
In  a  few  instances  (for  iron  and  chromium  perhaps  one  jiercent' 
of  the  whole  number)  exact  coincidence  has  of  course  l>een  re- 
corded also  for  lines  of  equal  intensity.    These  lines,  which  gen- 
erally are  faint  and  most  probably  originate  in  impurities  com- 
mon to  both  metals  or  from  the  electrodes,  are  in  general  to  be 
excluded.     From  this  circumstance,  and  from  the  fact  that  lines 
whose  distances  exceed   0.04  or  0.05  X-metres  are  easily  and  un- 
doubtedly separated  on  my  plates,  1  think  it  may  be  safely  con- 
cluded that'  lines  really  common  to   two  or  more  metals  most 
probabh^  do  not  exist. 

For  such  metals  as  are  to  be  obtained  only  in  fragments  or 
powder,  as  for  example,  cobalt  and  chromium,  carbon  electrodes, 
in  the  crater  of  which  the  metallic  fragment  or  powder  is  placed, ' 
have  generall3''  been   used.    For  those   spectrum  regions*  how- 
ever, in  which  the  strong  carbon  flutings  lie,  other  electrodes  arci 
to  be  employed,  because  in  the  crowd  of  carbon  lines  the  fainterl 
metallic   lines   cannot   be   surely  discerned.    For   this  purposeJ 
thick  copper  electrodes  have  served  very  well,  especially  in  ihej 
lower  ultra-violet  where  the  copper  lines  are  few  in  number  andf 
easily  distinguished. 

In  connection  with  these  remarks,  a  singular  observation  con-| 
ceming  the  corona  line  of  the  Sun  may  be  mentioned.  As  proved 
for  the  first  time  b3^  Young  this  line  is  doable,  a  fact  easily  con* 
firmed  in  my  spectrograph  not  only  in  the  third  order,  where  the 
components  are  widely  separated,  but  also  in  the  second  order. 
Of  these  two  lines  the  upper  one  is  as  yet  of  unknown  origin, 
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wfaereas  the  lower  component  has  been  attributed  to  iron.  In 
fact,  there  exists  in  this  place  a  very  feeble  iron  line,  but  it  is,  I 
think,  next  to  certainty  that  this  line  is  only  an  impurity  in  the 
iron  spectrum  caused  by  the  presence  of  cobalt.  On  the  photo- 
graphs of  this  region  of  the  cobalt  spectrum  which  I  have 
taken  in  the  third  order  the  solar  line  in  question  has  a  strong 
counterpart  in  the  spectrum  of  this  metal.  The  coincidence  is 
undoubtedly  perfect,  but  as  to  the  iron  line  I  do  not  feel  sure,  be- 
cause on  account  of  its  weakness  I  have  as  yet  not  succeeded 
in  bringing  it  out  on  my  plates.  This  point  will  shortly  be  more 
closely  investigated.  So  much  seems,  however,  to  follow  from 
this  observation,  that  the  solar  line  in  question  most  probably 
is  due  to  cobalt  and  not  to  iron. 
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The  announcement  of  the  appearance  of  a  new  star  in  Auriga 
reached  Mt.  Hamilton  the  6th  of  February.  This  paper  relates 
to  spectroscopic  observations  made  by  me  on  seven  nights  be- 
tween February  8  and  March  13  inclusive.  On  the  latter  date 
the  magnitude  of  the  star  was  about  7.4.  During  the  succeeding 
six  weeks  its  brightness  decreased  fairly  uniformly  until,  when  the 
last  reliable  visual  observation  was  made,  April  24th,  it  was  of 
about  the  sixteenth  magnitude.  In  this  period  of  decline  the 
nights  available  for  my  use  were  cloudy  for  the  most  part,  and 
the  few  attempts  to  secure  observations  were  frustrated  by  the 
fogging  of  the  object-glass. 

APPARATUS.t 

The  observations,  both  visual  and  photographic,  were  made 
with  the  large  Brashear  spectroscope  and  36  inch  equatorial.  In 
the  visual  observations  the  lOV^-inch  view  telescope  and  an  eye- 
piece magnifying  13.3  times  were  used.  The  third  and  fourth 
orders  of  a  grating  of  14,438  lines  to  the  inch  were  not  found  suit- 
able for  the  study  of  this  spectrum,  principally  on  account  of  the 
strength  of  the  continuous  spectrum  and  the  great  breadth  of  the 

•  Commtinicated  by  the  author. 

t  A  portion  of  the  apparatus  used  in  this  work  was  purchased  by  a  grant  of 
money  from  the  Thompson  fund  of  the  Amer.  Ass.  Adv.  Science. 
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lines.  The  Obser\'ator3^  did  not  then  possess  first  and  second 
order  gratings,  which  could  probably  have  been  used  to  advan- 
tage. A  dense  thallium  compound  prism,  dispersing  12°  between 
B  and  H»  was  used  several  evenings  in  fixing  the  positions  and 
examining  the  character  of  the  bright  hydrogen  lines,  the  D  sod- 
ium lines,  and  a  few  other  imi>ortant  lines.  But  an  excellent  GC* 
dense  flint  prism  by  Brashear,  dispersing  5H°  between  B  and  H, 
was  for  several  reasons  better  adapted  to  a  general  determina- 
tion of  the  wave4engths  and  was  usually  employed.  With  this 
prism  the  power  of  the  spectroscope  is  such  as  easily  to  separate 
b^  and  6,  in  the  solar  spectrum,  which  are  1,6  tenth-metres  apart. 
In  the  photographic  observations  the  eyepiece  and  microraeter 
were  replaced  hy  a  camera  box  suitable  for  holding  a  small  plate- 
holder.  No  other  changes  were  required  to  adapt  the  spectro- 
scope to  photography.  In  the  winter  I  had  decided  to  apply 
photography^  to  spectroscopic  work  here;  and^  fortunately,  on 
Febnmry  5  I  had  fitted  the  camera  box  and  determined  the  pho^ 
tographic  focus.  It  is  to  be  regretted  that  the  Observatory  did 
not  then  possess  apparatus  suitable  for  photographing  the  spec- 
trum with  greater  dispersion  than  that  given  by  the  60^  prism. 

THE  VISIBLE  SPECTRUM* 

The  general  character  of  the  visible  spectrum  is  shown  in  the 
accompan^'ing  drawing  of  the  spectrum  and  of  the  intensity 
curve;  though  in  the  former  the  contrast  between  the  faint  lines 
and  the  continuous  s|>ectrum  was  necessarily  overdrawn.  Many 
of  the  lines  between  D  and  F  w^ere  so  nearly  masked  by  the  con* 
tinuous  spectrum  that  under  stronger  dispersion  they  would 
have  escaped  detection  entirely.  The  region  between  F  and  Hy 
was  seen  to  contain  a  large  number  of  bright  lines.  A  few  of  the 
more  prominent  ones  were  located  the  first  evening:  but  tw^o 
photographs  taken  later  the  same  evening  showed  the  lines  in 
this  region  so  satisfactorily  that  thereafter  no  effort  w^as  mac 
to  observe  them  visually.  The  drawing  therefore,  really  rcfcni^ 
only  to  the  portion  of  the  spectrum  below  and  including  the  F 
region,  and  is  based  upon  the  observations  of  February  8,  9  and 
28.  The  intensity  curve  was  drawn  almost  wholly  from  sketchea-] 
made  February  28,  when  the  continuous  spectrum  had  fac 
slightly,  unmasking  man)'  of  the  lines  previously  invisible.  On 
March  13,  the  continuous  s|>ectrum  had  in  many  regions  wholly 
disappeared,  and  interfered  w  ith  only  a  few  of  the  measurements. 
A  line  at  A  5885  observed  on  the  latter  date  only  is  not  shown  in 
the  drawing. 
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Altogether  there  were  observed  visually  thirty  bright  lines,  not 
counting  a  bright  region  at  A  432  and  a  faint  line  occasionally 
glimpsed  near  A.  680;  and  ten  broad  dark  lines  in  contact  with 
the  more  refrangible  edges  of  ten  of  the  strongest  bright  lines. 
Careful  searches  for  lines  below  C  were  made,  but  only  the  trace 
of  a  line  near  A.  680  could  be  seen.  In  each  of  the  ten  dark  lines, 
except  that  above  Hy,  a  background  of  continuous  spectrum  was 
still  visible,  and  was  so  noted  on  several  evenings.  These  lines 
were  sharply  de6ned  below  by  the  bright  lines,  but  were  dififuse 
above.  They  were  from  twelve  to  fourteen  tenth-metres  broad, 
and  their  centres  were  about  eleven  tenth-metres  more  refrangible 
than  the  most  intense  points  in  the  corresponding  bright  lines. 
But  the  dark  and  bright  lines  evidently  overlapped,  and  it  is 
probable  that  their  real  centres  were  slightly  less  refrangible 
than  their  apparent  centres.  Possibly  the  real  centres  were  near 
the  fine  bright  lines  shown  in  the  photographs,  which  will  be  re- 
ferred to  later. 

As  stated  in  Astronomy  and  Astro-Physics  for  March,  1892, 
the  normal  positions  for  the  hydrogen  C,  F  and  Hy  lines  and  the 
D  sodium  lines  were  occupied  by  bright  lines.  These  and  the  lines 
A  5168  and  5016  were  carefully  studied  to  obtain  very  accurately 
their  positions  and  light  curves.  On  the  first  few  evenings  all 
these  lines  were  examined  with  the  compound  prism  and  ex- 
tremely narrow  slit,  but  no  evidence  of  doubling  was  obtained ; 
though  with  the  exception  of  the  D  lines  they  were  certainly  very 
far  from  being  uniformly  bright  throughout  their  breadth.  The 
hydrogen  lines  C,  F  and  Hy,  and  the  lines  A  5168,  A.  5016  and 
X  4923  were  at  least  fifteen  tenth-metres  broad.  Their  more  re- 
frangible edges  were  quite  sharply  terminated.  From  the  most 
intense  points,  which  were  about  four  tenth-metres  below  the 
upper  edges,  the  intensity  decreased  about  as  shown  in  the  draw- 
ing of  the  intensity  curve,  finally  gradually  merging  into  the  con- 
tinuous spectrum.  The  bright  D  line  was  about  fifteen  tenth- 
metres  broad,  quite  sharply  defined  above,  nearly  uniform  in 
brightness  for  ten  or  twelve  tenth-metres,  then  merging  gradu- 
ally (but  more  sharply  than  the  others)  into  the  continuous  spec- 
trum below.  The  D  line  had  greatly  decreased  in  brightness  by 
February  28 ;  on  March  13  it  had  apparently  disappeared,  and 
a  faint  line  more  refrangible  than  D  was  observed  at  A.  5885. 
The  appearance  of  the  spectrum  at  this  point  had  changed  con- 
siderably. 

The  points  of  maximum  intensity  in  the  C,  F,  and  Hy  bright 
lines  were  well  enough  defined  to  permit  their  wave-lengths  to  be 


detemiined  within  one  tenth-metre »  as  was  found  by  first  setting 
the  micrometer  wire  on  the  star  lines  and  then  throwing  in  the, 
hydrogen  comparison  spectrum.  These  comparisons  were  mad 
on  several  nights,  and  the  star  lines  were  found  to  coincide  wit 
the  comparison  lines  within  the  limits  stated  above.  I  therefo 
adopted  for  the  wave-lengths  of  these  lines  their  usual  valu 
6563,  4862  and  4-341.  On  three  nights  the  D  star  line  and  the  D 
sodium  lines  of  the  spark  spectrum  and  of  the  flame  were  care- 
fully compared.  With  the  compound  prism  and  narrow^  slit  the 
comparison  lines  were  widely  separated.  When  the  micrometer 
wire  was  placed  in  contact  with  the  upper  edge  of  the  star  line  it 
was  also  in  contact  with  the  upper  edge  of  D^.  The  comparison 
line  D,  appeared  to  fall  in  the  exact  centre  of  the  broad  star  line, 
and  1  have  accordingly  adopted  for  it  the  w*ave-length  5806. 
The  point  of  maximum  brightness  in  the  line  X  516H  was  not  well 
defined;  but  comparisons  with  magnesium  b^  showed  that  the 
wave-lengths  were  practically  equal.  The  regions  of  maximum 
brightness  in  the  lines  A  5016  and  A  4923  w^ere  likewise  quite 
broad,  which  made  an  accurate  determination  of  their  wa\-c- 
lengths  impossible. 

Assuming  the  wave-lengths  either  of  the  comparison  lines  or  of 
the  star  lines  at  A  G563,  A  5896,  A  5168,  A  4862  and  A  4341,  the 
wave-lengths  of  the  intermediate  lines  w-ere  generally  obtain 
from  the  readings  of  the  large  circle  (12  inches  in  diameter,  read 
ing  to  10")  corresponding  to  the  diflerent  lines  in  the  star,  by 
interpolating  between  the  assumed  wave-lengths  by  means  of 
curves  based  upon  the  solar  spectrum.  In  some  cases  the  wave- 
lengths could  probably  have  been  obtained  more  accurately  by 
making  micrometer  comparisons,  but  usually  the  method  em- 
ployed was  the  most  satisfactory  for  this  s|>ectrum.  The  wave- 
lengths resulting  from  the  visual  observations  on  five  nights  are 
given  below%  The  appearance  of  a  line  depended  upon  its 
breadth,  intensity  and  position  in  the  continuous  spectrum, 
and  it  is  impracticable  to  give  a  verbal  description  of  the  lines  in 
this  place.     Reference  can  be  made  to  the  general  intensity  curve. 
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THE  PHOTOGRAPHIC  SPECTRUM. 

The  36-inch  telescope  is  not  suitable  for  a  general  study  of  the 
photographic  portions  of  stellar  spectra.  Only  a  very  limited 
region  of  a  stellar  spectrum  can  be  photographed  at  one  time  to 
advantage,  for  the  reason  that  the  color  curve  of  the  36-inch 
objective  is  very  steep  in  the  blue  and  violet,  and  only  a  few  of 
the  rays  enter  the  slit.  The  focal  length  of  the  objective  is  37mm. 
greater  for  the  Hy  rays  than  for  the  F  rays,  and  34mm.  greater 
for  the  US  than  for  the  ^y  rays.  For  a  given  position  of  the 
spectroscope  slit  the  rays  of  a  certain  wave-length  come  to  a 
focus  (a  point)  on  the  slit  and  pass  through  properly;  those  of 
greater  wave-length  are  in  focus  before  reaching  the  slit,  and  only 
a  few  of  them  pass  through;  those  of  smaller  wave-length  do  not 
reach  their  focus  and  only  a  few  of  them  pass  through  the  slit. 
Beyond  US  the  curve  is  so  steep  as  practically  to  prevent  the 
taking  of  photographs  in  that  region.  Another  serious  difficulty 
enters  in  that  region  of  the  spectrum :  the  image  formed  on  the 
slit  plate  by  the  brighter  \'isual  rays  is  large  and  interferes  very 
greatly  with  keeping  the  point  in  focus  in  the  slit. 

The  photographs  of  Nova  Aurigae's  spectrum  were  taken  in 
two  sections  and  with  two  sets  of  adjustments :  first,  with  the 
slit  in  the  focus  for  the  F  rays  and  the  prism  at  minimum  devia- 
tion for  F;  second,  with  the  slit  in  the  focus  for  the  Hy  rays  and 
the  prism  in  minimum  deviation  for  Hy.    In  the  first  case  the  P 


rays  proceeding  from  all  parts  of  the  object-glass  entered  the  sKt» 
while  of  the  rays  of  greater  or  less  wave-length  only  those  pro- 
ceeding from  a  region  of  the  object-glass  along  and  near  the  di- 
ameter parallel  to  the  slit  entered  the  slit  at  alK  A  similar  result 
obtained  for  the  H;'  setting.  With  ordinary  dr\'  plates  the  F 
photographs  extend  from  the  slightly  actinic  region  A  5200  to 
A  4300,  and  are  densest  near  and  above  F;  and  the  H^  photo- 
graphs from  A.  5000  to  A  4100  and  densest  in  the  H>^  region.  One 
snccessftd  F  photograph  was  obtained  on  an  isochromatic  plate, 
on  Februar3'  14,  which  is  measurable  from  A  5686  to  A  4341,  It 
is  evident  that  the  relative  photographic  brightness  of  lines  in 
different  parts  of  the  spectrum  cannot  be  obtained  from  these 
plates. 

With  the  above  limitations  the  photographs  were  successful 
from  the  first,  and  in  all  seven  measurable  negatives  were  ob- 
tained.   A  list  of  them  is  given  below : 


Date. 
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The  spectrum  of  hydrogen  was  photographed  on  each  plate  for 
purposes  of  comparison,  very  near  the  stellar  spectrum;  on  one 
side  of  it  before  beginning  the  exposure  on  the  star  and  on  the 
other  side  after  closing  the  exposure.  The  original  negatives 
were  measured  by  means  «)f  a  Stackpole  measuring  engine,  and 
the  measures  were  converted  into  wave-lengths  by  the  aid  of 
photographic  interpolation  turves,  A  list  of  the  wave-lengths  of 
bright  lines  obtained  from  each  of  the  plates  is  given  below. 
The  results  are  cori'ected  for  the  observer's  motion  and  tor  curva- 
ture of  the  comparison  lines.  In  a  few  cases  it  is  impossible  to 
determine  from  the  negatives  whether  the  lines  measured  were 
bright  lines  or  were  strong  continuous  spectrum  between  dark 
lines.  In  order  to  test  the  adjustments  of  the  instrument,  the 
lunar  and  hydrogen  spectra  were  frequently  photographed 
the  same  plate,  likewise  the  solar  and  hydrogen  spectra,  with  tl 
hydrogen  tube  both  in  front  of  the  slit  and  at  one  s^ide^  and  no 
displacement  coidd  be  ohserv^ed,  A  photograph  of  the  spcctnitn 
of  a  Ononis  showed  the  lines  to  be  fine  and  shaq>,  while  with  the 
same  adjustments  and  settings  those  of  Nova's  spectrum 
broad  and  diffuse. 
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WAVE-LENGTHS  OF  BRIGHT  LINES  OBSERVED  PHOTOGRAPHICALLY. 
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Maximaro  in  broad  line. 

Maximum  in  broai  line,  poorly 
defined. 

Two  prominent  lines,  clearly 
separated. 

Maximum  in  broad  line. 

Maximum  in  broad  line. 

Maximum  in  broad  line. 

Double  line  very  similar  to  F 
lino. 

Prominent  line,  probably  doa- 
ble, but  not  clearly  separated. 

Very  faint,  poor. 

Very  faint,  poor. 

Similar  to  F  Une.  double,  but 
not  clearly. 

Very  faint  companion  to  abore. 

Very  faint  line. 

FaiDt  line,  poor. 

Similar  to  F  line,  no  sigrns  of 
doubling:. 

Companion  to  above. 

Faint,  poorly  defined. 

Well  defined  Marcli  6.  equal  to 
line  below. 

Maximum  of  line  reeembling  F 
line. 

Companion  to  above. 

Well  defined  March  6. 
;  Principal  F  line. 

Companion  to  above. 
I  Estimated  centre  of  very  broad 
I      brigrht  region. 
I  Estimated  centre  of  very  broad 
I      bright  region. 

Estimated  center  of  broad 
bright  region. 

Contre  of  broad  bright  line. 

Centre  of  broad  bright  line. 

Centre  of  broad  bright  line. 

Either  well  defined  bright  lines 
or  contiDuoUH  spectrum  be- 
tween absorption  lines. 

A    Kroup    of   lines,  defined  on 

fourth    and    fifth     negatives, 

blended  on  the  others. 


Appears  like  a  group  of  llnea, 
but  not  well  defined. 

iA  group  of  lines  not  well  sepa- 
rate<],  with  maximum  about 
A4481. 

A  f?ronp  of  lines  with  maximum 
about  XUAb. 

Broad  bright  line. 

Maximum  of  broad  line. 

Centre  of  bright  region,  appar- 
ently con  talningf^everal  lines. 

Rather  broad  line. 

Apparently  a  third  component 
of  ny  line. 

Component  of  H>^  line,  usually 
well  defined. 

Principal  uy  line. 

Companion  to  above. 

Broad,  appears  doable. 

Broad,  well  defined. 

Centre  of  broad  line. 

Broad  dlfraae  line. 

Broad  bright  line,  resembles  F 
and  Hy  groups. 
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Spectrum  of  Nova  Aurigae. 


WAVE-LENGTHS  OF  BRIGHT  lASBS.'-^OtldBtied, 
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An  culargcTnetit  of  thi*  H>'  jjliotcxgraph  of  February  9  is  shown  in  Plate  XLt^J 
A  few  delects  in  the  original  negative,  mostly  in  the  re^on  of  F,  have  \yccn  nta^i 
to  appear  as  lines  by  the  cylindrieal  Icn^  lifted  in  enlarging. 

IDESiTIFICATlON    OF  THE  LINES, 


It  was  early  noted  by  Professor  Yogel  and  others  that  the  half 
dozen  prominent  lines  in  Nova's  spectrum  coincided  with  promi- 
nent lines  in  the  spectrum  of  the  solar  chromosphere.  The  prob- 
ability that  any  line  would  be  observed  is  a  function  of  its  inten- 
sity and  the  frequency  with  w  hich  it  occunt,  and  therefore  of  the 
product  of  these  two  quantities.  In  the  following  table  I  hav< 
arranged  a  list  of  chromosphere  lines  whose  wave-lengths  agree 
closely  with  those  of  the  lines  in  Nova's  spectrum,  placing  oppo- 
site them  the  name  of  the  element  from  which  they  oriKinaie,  and 
the  product  F  X  I  of  their  frequency  and  intensity.  They  are  s< 
lected  from  Professor  Young's  catalogue  of  273  chromosphere'^ 
lines,  as  given  in  Scheiner*s  Spectralanalvse.  A  few  of  the  identi- 
fications are  doubtful  and  are  enclosed  in  brackets  [  ].  The  faint 
and  infrequent  chromosphere  lines  are  not  inserted  in  the  list.  It 
api^ears  that  nearly  all  the  prominent  lines  in  Nova  Aurigiie's 
spectnmi  are  prominent  lines  in  the  chromosphere  spectrum,  and 
vkt^  versa.  In  the  last  two  columns  of  the  table  are  given  a  few 
other  probable  identi6cations.  Many  of  the  lines  left  unidentified 
fall  near  prominent  lines  or  groups  of  lines  in  the  s(>ectnim  of 
iron;  while  practically  all  of  the  lines  can  be  matched  by  lines  in 
the  spectra  of  those  elements  which  are  prominent  in  the  chromo- 
sphere. As  surmised  by  Professor  Young,  Astronomy  and  A**Tiii>- 
Phvsics  for  April,  the  lines  A  629B  and  A  5578  are  near  the  aur* 
oral  lines  A  6298  and  \  5571.  Likewise,  the  lines  A  5378,  \  5232. 
A  5196,  X  4630  and  A  4355  are  near  other  auroral  lines;  but  the 
presence  of  so  many  iron  lines  in  the  spectrum  renders  it  probable 
that  these  also  are  iron  lines. 


W.  W.  Campbell. 
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photographs  which  favor  the  existence  of  three  or  four  bodies: 
two  or  three  yielding  bright  line  spectra  and  one  a  dark  line 
spectrum.    These  points  are; 

First, — The  two  components  of  the  bright  lines  are  much  more 
clearh'  defined  in  the  hiter  photographs  than  in  the  earlier.  Thijt 
was  partly  but  not  wholly  due  to  the  decline  of  the  continuous* 
spectrum.  The  photographs  taken  earlier  in  February  show  the 
broad  bright  lines  F  and  A  4923  to  be  double  only  with  difficulty. 
Two  condensations,  the  more  refrangible  one  being  the  stronger, 
show  certainly,  but  not  clearly.  The  F  photograph  of  March  G 
shows  these  lines  as  well  defined  doubles.  In  the  line  A.  i923  the 
two  components  are  separated  too  widely  to  prc*sent  the  app>ear- 
ance  of  reversion,  and  the  continuous  spectrum  shows  only  very 
thinly  in  that  region. 

Second. — In  all  the  double  lines  shown  on  the  March  6th  photo- 
graphs the  two  components  are  nearly  equal,  while  in  the  earlier 
photographs  the  more  refrangible  components  were  the  stronger. 

Third.— There  is  some  reason  to  believe  that  the  intervals  be* 
tween  the  components  were  less  in  March  than  in  Februar>% 
though  on  the  earlier  negatives  the  measures  were  subject  to  con- 
siderable uncertainty,  and  photographs  taken  elsewhere  do  not 
seem  to  show  this  variation. 

Fourth.— The  normal  position  of  the  fainter  lines  throughout 
the  spectrum  (as  compared  with  the  chromosphere  spectrum)  is 
evidence  that  they  were  mostW  associated  with  the  more  refran- 
gible components  of  the  double  lines,  and  not  with  the  double 
lines  as  a  whole. 

Fifth— The  fine  bright  lines  ap|>eared  not  only  in  the  dark  P 
and  H;^  hues,  but  also  in  three  dark  lines  in  the  green,  all  appar- 
enth'  in  the  same  position  relative  to  the  principal  series  <»f  briL^ht 
lines. 

Sixth — During  the  decline  of  Nova  in  brightness  the  contmuous 
spectrum  belonging  mostly  to  the  dark  line  star  decreased  more 
rapidly  than  the  bright  lines,  while  the  fine  bright  lines  decrcascti 
certainly  no  more  rapidly  than  the  principal  bright  lines. 

The  above  evidence  is  far  from  conclusive,  and  is  inserted  now 
merely  for  completeness.  On  the  hypothesis  of  four  hodtes«  the 
principal  system  of  liright  lines  was  not  displaced  ap  lly, 

and  the  star  yielding  it  was  practically  at  rest  with  tl-u  .c  to 
the  solar  system.  Another  system  was  displaced  towardfi  the 
red  a  distance  corresponding  to  a  velocity  of  recession  of  about 
315  miles  per  second.  The  system  of  fine  bright  lines  and  like- 
wise the  system  of  dark  lines  were  displaced  towartls  the  violet 


di 


i^itt 


Results  of  a  Photographic  Study  of  the  Sun,  811 

a  distance  corresponding  to  a  velocity  of  approach  of  about  400 
miles  per  second. 

The  relation  of  the  early  spectrum  of  Nova  to  its  present  spec- 
trum was  considered  by  me  in  the  October  number  of  Astronomy 
AND  Astro-Physics.  A  careful  re-examination  of  the  negatives 
has  revealed  none  of  the  present  lines,  though  it  is  possible  that 
the  F  plate  of  February  9  would  have  recorded  the  line  now  at 
X  5002  had  it  then  existed. 

While  it  is  possible  for  an  observer  to  work  alone  in  making 
spectroscopic  observations  with  the  great  telescope,  it  is  far  from 
convenient  and  involves  a  serious  loss  of  observing  time.  As  no 
other  person  was  available  Professor  Holden  kindly  volunteered 
to  assist  me  in  the  spectroscopic  observations  until  some  other 
arrangement  could  be  made.  I  wish  here  to  acknowledge  this 
efficient  assistance,  without  which  the  foregoing  observations 
would  have  been  much  more  incomplete. 

Mt.  Hamilton,  1892,  Sept.  30. 


SOME  RESULTS   AND   CONCLUSIONS    DERIVED   FROM    A   PHOTO- 
GRAPHIC STUDY  OF  THE  SUN.» 


GBORGB  E.  HALE. 


In  view  of  the  fact  that  the  study  of  prominence,  facula  and 
Sun-spot  spectra  by  photographic  means  has  now  been  taken  up 
by  several  investigators,  it  seems  desirable  to  bring  together  the 
results  of  the  work  in  this  direction  which  has  been  in  progress  at 
the  Kenwood  Observatory  since  April,  1891.  Some  of  these 
results  have  been  published  before  or  casually  referred  to  in 
papers  on  other  branches  of  solar  work,  but  they  cannot  fail  to 
be  of  greater  value  for  comparison  with  the  investigations  of 
others  if  grouped  in  a  single  article.  There  also  remain  to  be 
mentioned  several  disconnected  matters  to  which  attention  has 
not  yet  been  called. 

The  following  are  some  of  the  results,  with  several  conclusions 
to  which  1  have  been  led;  further  investigations  may  very  possi- 
bly render  necessary  material  niodifications  in  the  views  here 
expressed. 

•  Communicated  hv  the  author. 


CHROMOSPHERE   AND   PROMINENCES. 


1.  H  and  K  are  always  present  as  the  strong^t  lines  in  the 
chromosphere  and  prominence  spectrum. 

2.  These  lines  extend  to  the  highest  parts  of  all  prominences, 
but  have  not  yet  been  traced  to  an3^  greater  distance  from  the 
limb,  f\  e.,  into  the  corona. 

3.  K  seems  to  be  invariably  stronger  than  H,  and  extend.^  far= 
ther  from  the  limb. 

4.  In  cases  of  motion  in  the  line  of  sight  the  distorted  forIn^  iii 
the  H  and  K  lines  are  similar. 

5.  Prominences  have  the  same  form  in  both  lines.  Where  ap- 
parent differences  exist  they  may  probably  be  ascribed  to  the 
greater  brightness  of  K.     (This  remark  also  applies  to  4). 

6.  Both  li  and  K  expand  rapidly  in  width  from  the  upper  sur- 
face of  the  chromosphere  to  its  base.  Consequently  photographs 
taken  with  the  slit  just  tangent  to  the  limb  show  these  lines 
more  than  twice  as  broad  as  they  appear  in  the  higher  regions  of 
promincDces. 

7.  Both  Hues  are  often  doubly  reversed  (narrow  dark  linesi 
running  down  the  center  of  the  bright  lines)  in  the  chromosphere, 
and  sometimes  in  the  base  of  bright  prominences. 

8.  H  is  always  accompanied  by  a  hydrogen  line  (He  ),  but  this 
line  is  much  fainter,  and  does  not  extend  so  high  in  prominences, 

9.  The  entire  series  of  ultra-violet  hydrogen  lines  have  been 
photographed  in  very  bright  prominences,  but  in  faint  promi- 
nences the  lines  more  refrangible  than  a^  or  fi^  are  usually  absent 
from  the  photographs.  They  may,  however,  be  present  as  very 
faint  lines  in  all  prominences,  but  remain  invisible  on  the  photo- 
graphs on  account  of  the  brilliancy  of  the  atmospheric  spectrum. 

10.  The  line  'r^  is  frec|uently  accompanied  by  a  line  slightly 
more  refrangible,  which  is  jirobably  not  due  to  hydrogen.  lu  a 
few  cases  <r,  has  been  single  in  certain  parts  of  a  prominence^  and 
double  in  other  parts. 

11.  The  upper  component  of  ^r,  is  sometimes  doubly*  reversed 
in  the  chromosphere. 

12.  No  prominence  has  yet  been  found  which  showed  the  H 
and  K  lines  alone,  i,  e,,  without  some  of  the  less  refrangible  hy- 
drogen lines. 

13.  The  forms  of  prominences  as  observed  in  C  and  in  H  and 
K  seem  to  be  the  same,  though  they  may  be  more  extensive  in  the 
latter  lines. 
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14.  Prominences  seem  to  have  the  same  motion  in  the  line  of 
sight,  whether  observed  in  C  or  in  H  and  K.* 

15.  The  spectra  of  eruptive  prominences  frequently  contain 
many  metallic  lines  in  the  ultra-violet;  notably  the  magnesium 
triplet  at  X  383.t 

16.  Eruptive  prominences  sometimes  exhibit  a  continuous 
spectrum  in  the  ultra-violet. 

17.  Prominences  frequently  show  evidences  of  spiral  motion. 

FACULiE. 

18.  Both  H  and  K  are  always  reversed  in  faculse. 

19.  These  reversals  are  usually  (if  not  invariably)  double,  a 
narrow  dark  line  running  down  the  center  of  the  broader  bright 
line.  The  appearance  on  the  photograph  is  consequently  as  if 
there  were  two  narrow  bright  lines  separated  by  a  narrow  dark 
line,  in  the  centers  of  the  broad  dark  shades  at  H  and  K.  In  some 
instances  I  have  noticed  that  one  of  these  narrow  bright  lines 
was  missing  in  certain  portions  of  a  facula,  an  unsymmetrical 
double  reversal  resulting. 

20.  Distortions  in  the  doubly  reversed  H  and  K  lines  of  the 
facula^  are  rare.  I  have  found  but  one  or  two  instances  of  this 
kind,  and  in  these  cases  the  distortions  took  the  form  of  expan- 
sions in  the  lines. 

21.  H  is  usually  unaccompanied  by  the  slightly  less  refrangible 
h3'drogen  line,  referred  to  above  as  being  always  present  in  prom- 
inences. In  a  few  cases,  however,  this  line  has  been  found  extend- 
ing across  spots,  and  for  some  distance  in  the  faculae  on  either 
side. 

22.  Neither  a,  nor  any  other  bright  lines  more  refrangible  than 
H  and  K,  have  been  found  in  facula^  or  spots. 

23.  Curved  forms  predominate  in  faculae,  and  suggest  some  re- 
lation with  spiral  forms  in  prominences. 

SPOTS. 

24.  The  bright  H  and  K  lines  seem  to  invariably  extend  en- 
tirely across  ever)-  Sun-spot.  Both  lines  are  doubly  reversed  in 
the  faculse  which  probably  completely  surround  every  spot.  In 
the  umbra  the  reversals  are  narrower,  and  the  dark  central  line  is 
usually  absent. 

*  In  one  case  where  the  motion  of  the  entire  prominence  was  considerable,  a 
large  number  of  lines  in  the  ultra- violet  (all  that  were  visible  on  the  photograph) 
were  equally  displaced  with  H  and  K. 

t  Sec  my  article  on  **  The  lltra-Violet  Spectrum  of  the  Solar  Prominences"  in 
this  number  of  Astronomy  and  Astro-Physics. 


25.  Small  spots,  especially  when  members  of  a  group  contain- 
ing large  spots,  are  frequenth'  completely  covered  with  faciil«. 

26.  In  the  ultra-violet  spectra  of  spots  the  dark  lines  of  the 
solar  spectrum  do  not  seera  to  undergo  selective  widening,  as  in 
the  less  refrangible  parts  of  the  spectrum.  Beyond  the  presence 
of  the  bright  H  and  K  Hnes»and  the  infrequent  appearance  of  H£  , 
the  spot  spectrum  seems  to  differ  from  the  ordinary  solar  spec- 
trum only  by  the  increased  general  absorption. 

27.  Distorsions  of  the  bright  H  and  K  lines  in  spots  are  ex- 
tremely rare. 

CONCLUSIONS. 

28.  The  exact  agreement  of  H  and  K  with  the  two  strongest 
lines  in  the  spectrum  of  the  calcium  spark  leads  me  to  attribute 
the^e  prominence  lines  to  calcium.  While  the  properties  of  cal- 
cium in  its  terrestrial  condition  make  it  difficult  to  see  how  its 
vapor  can  form  the  most  important  constituent  of  the  promi- 
nences, yet  I  do  not  see  how  we  are  to  escape  from  this  conclu- 
sion, 

29.  No  other  than  a  negative  conclusion  can  as  yet  be  offered 
in  regard  to  the  perplexing  question  of  the  so-called  **  while 
prominences.**  At  the  eclipse  of  August  29,  1886,  a  large  promi- 
nence was  photographed  which  was  said  by  Professor  W.  H, 
Pickering  to  have  no  other  lines  in  its  spectrum  than  H  and  K, 
and  a  faint  trace  of  an  ultra-violet  line,  in  addition  to  a  bright 
continuous  spectrum.  He  goes  on  to  add:*  **It  was  therefore 
quite  invisible,  both  before  and  after  totality,  by  the  usual  sjjec- 
troscopic  method,  as  was  in  fact  noted  at  the  time  by  Professor 
Tacchini/^  The  character  of  the  photograph,  at  leii5t  so  farns 
can  be  judged  from  the  reproduction  accompanying  the  report, 
was  hardly  such  as  to  warrant  any  very  positive  statement  as 
to  the  absence  of  the  hydrogen  lines,  particularly  as  they  mi^lit 
have  been  partly  obscured  by  the  bright  continuous  spectrum. 
The  prominence  might  also  have  been  eruptive  in  nature,  not 
lasting  longer  than  the  duration  of  totality,  and  thus  may  not 
have  existed  when  Professor  Tacehini  made  his  observations  be- 
fore and  after  the  eclipse.  However  this  may  be,  for  this  is  only 
one  of  a  number  of  cases  in  which  ** white  prominences"  have 
been  recorded,  I  have  as  j^et  foimd  no  prominences  which  ex- 
hibited H  and  K  without  the  hydrogen  lines.  This  point  has  not 
been  made  the  subject  of  special  investigation >  howcYcr»  and  it 


•  Annals  of  Harvani  College  Observatory,  Vol.  XVII I.  Na.  5,  p,  100. 
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may  be  that  some  cases  of  the  kind  may  ultimately  be  brought 
to  light. 

30.  The  fact  that  small  spots  are  sometimes  completely  cov- 
ered with  faculous  matter  (or  possibly  with  prominences)  may 
assist  in  explaining  the  anomalous  heat  radiations  recently  meas- 
ured in  certain  spots  by  Professor  Frost.*  I  hope  to  take  up 
this  point  more  in  detail  elsewhere. 

31.  Photographic  methods  have  abundantly  substantiated  the 
conclusions  long  a^o  drawn  from  visual  observations  in  regard 
to  the  nature  of  faculae.  In  a  great  many  photographs  taken 
with  the  spectroheliograph,  faculse  are  shown  projecting  above 
the  Sun's  limb.  And  the  intimate  relationship  between  faculse  and 
eruptive  prominences  is  not  less  evident,  especially  in  composite 
photographs  showing  faculae  and  prominences  on  the  same  plate. 
When  we  consider  that  eruptive  prominences  probably  rise  from 
faculae,  it  is  not  at  all  surprising  that  such  prominences  some- 
times show  a  continuous  spectrum  in  addition  to  their  bright 
lines.  For  a  violent  eruption  would  naturally  carry  up  with  the 
prominence  some  **  dust-like  **t  matter  from  the  facula,  which 
would  give  a  continuous  spectrum. 

32.  The  reversals  of  the  H  and  K  lines  over  spots  seem  to  be 
readily  explainable.  As  has  been  stated  above,  the  reversals  are 
double  in  the  penumbra,  and  also  for  a  considerable  distance  on 
either  side  of  the  spot,  but  usually  single  in  the  umbra.  As  spots 
seem  to  be  always  surrounded  by  faculae,  which  frequently  en- 
croach upon  the  penumbra,  the  double  reversals  occur  in  these 
just  as  they  do  in  faculae  not  in  the  vicinity  of  spots.  The  single 
reversals  in  the  umbra,  however,  probably  take  their  rise  in  the 
chromosphere,  which  presumably  overlies  the  cooler  regions  of 
the  spot. 

Kenwood  Observatory,  University  of  Chicago, 
Oct.  18,  1892. 


THE  SOLAR  DISTURBANCE  OF  JULY,  1892.1: 


JOHN  S.  TOWNSBND. 


In  his  paper  on  **A  remarkable  solar  disturbance,''  (Astron- 
omy AND  Astro-Physics,  Aug.  1892),  Professor  Hale  calls  atten- 
tion to  an  outburst  similar  to  that  witnessed  by  Carrington  and 

•  Astronomy  and  Astro-Physics,  October.  1892. 

f  Sec  F^yi,  Astronomy  and  Astro-Physics,  May,  1892,  p.  431. 

t  Communicated  by  the  author. 


Hodgson  in  1859,  which  occurred  in  the  neighborhood  of  a  spot 
of  high  Honthern  latitude  which  entered  on  the  Sun*s  disk  on 
July  8th,  In  this  connection  the  following  observations  of  the 
spot»  made  by  me  at  my  Observatory  of  Sevenoaks  may  not  be 
without  interest. 

The  instruments  employed  were  a  refractor  of  4Vi-inchc9 
aperture  and  a  Rowland  grating  spectroscope  of  14,438  lines 
to  the  inch.  The  spot  was  first  detected  as  a  few  small  dots 
on  June  ISth,  These  dots  rapidly  developed  into  a  spot  of 
large  area.  On  June  17th  and  again  on  June  20th  the  C  line 
over  the  spot  was  both  reversed  and  displaced.  The  spot  a[K 
j)eared  again  on  the  E,  limb  on  July  8th,  and  on  both  tliis  and  the 
succeeding  date  the  spot  and  the  surrounding  faculfe  showed 
strong  reversals  over  the  C  line.  The  slit  of  the  spectroscope 
was  adjusted  H.  and  W.  over  the  spot.  The  position  was  deter- 
mined  by  using  the  grating  as  a  w^hite  light  reflector  and  viewing 
the  spot  through  the  ofjen  jaws  of  the  slit.  The  movable  jaw 
was  then  closed ^  and  the  grating  turned  to  give  the  order  of  spec- 
trum required.  This  method  permits  the  position  of  the  slit  rela- 
tively to  a  Sun-spot  under  observation  to  Jie  determined  with 
great  accuracy. 

On  July  11th  the  spot  was  again  examined  with  the  sjiec- 
troscope,  and  was  found, at  11:45  a.  m.,  g.  m.  t.»  in  be  greatly 
agitated.  The  C  line  was  so  strongly  reversed  over  the  two 
most  southern  nuclei^  that  the  slit  could  be  oj^ned  to  the  ftill 
width  of  the  nuclei  without  passing  beyond  the  reversed  position, 
the  whole  of  the  enclosed  area  glowing  with  flame,  I  have  lately 
examined  over  one  hundred  spots  with  the  spectroscope  for  rever- 
sals of  the  C  line,  and  none  of  these,  not  even  the  great  spot  of 
Feb.  1892,  showed  such  strong  bright  reversals  as  did  this 
spot.  The  appearance  was  very  like  that  observed  by  Professor 
Young  in  the  F^  line  over  a  prominence  on  August  3,  1872»  and 
pictured  at  p.  210  of  his  work  **The  Sun.**  Nor  were  the  reversals 
of  C  confined  to  the  nuclei,  for  the  line  was  also  strongly  reversed 
in  the  penumbra  preceding  the  nuclei.  Over  the  nuclei  reversals 
were  also  observed  in  the  lines  1>,  I\,  D,  h^  /j.  h^  6,  F  G'\  and  iti  the 
line  ^  6676.9  of  Rowland's  maps.  The  three  lines  D  and  the  6 
lines  were  brighter  than  I  have  ever  observed  them  even  in  prom* 
inences;  F  and  G'  showed  out  shari^ly,  while  A  6676.9  was  plainly 
reversed  both  in  the  2d  and  3rd  order  spectrum.  Over  the  pen- 
nrabra  D,  appeared  as  a  shaded  line,  long  and  spindle-shaped. 
At  12:30  i\  M.  the  disturbances  began  to  subside,  the  four  b  lines 
appearing  as  widened  though  not  reversed,  although  C  and  F 
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still  continued  to  be  reversed.  At  1:30  p.  m.  C  only  was  affected^ 
being  reversed  over  the  nuclei,  and  distorted  alongside  of  its  re- 
versed portion  towards  the  red  end  of  the  spectrum.  At  4  p.  m. 
the  storm  had  quite  ceased.  On  July  18th  the  spot  was  examined 
with  the  spectroscope  for  the  last  time,  and  the  C  line  was  both 
reversed  and  displaced  over  the  spot,  although  only  to  a  moder- 
ate extent. 
Sevenoaks,  England,  Sept.  9, 1892. 


THE    SOLAR    DISTURBANCES    OP    JULY,    1892,    AND    THE    ACCOM- 
PANYING MAGNETIC  STORMS.* 


WALTER  SIDGREAVES. 


The  remarkable  outbursts  witnessed  by  Professor  Hale  and  Mr. 
Townsend  in  the  spot  which  effected  its  second  passage  across  the 
solar  disc  in  the  middle  of  last  Jul3',  has  led  to  an  examination  of 
the  Stony  hurst  obser\'ations  of  the  Sun,  and  of  the  photographic 
records  of  the  magnets  in  order  to  trace  the  life  history  of  the 
spot,  and  to  detect  any  possible  connection  of  such  magnetic 
storms  as  occurred  during  its  life,  with  the  more  than  ordinary 
outbursts  recorded  in  this  spot. 

The  spot  was  first  drawn  at  Stonyhurst  on  June  14,  and 
presented  the  appearance  of  a  few  dots  in  S.  latitude  32°,  and 
heliographic  longitude  45.75°.  On  June  21  the  spot  was  near 
the  W.  limb  of  the  Sun,  and  had  now  developed  into  a  large 
single  spot  or  cluster  of  nuclei,  surrounded  by  a  ring  of  brilliant 
faculae.  On  this  date  also  the  spectroscopic  examination  of 
the  Sun*s  limb  showed  a  band  of  prominences  of  moderate 
height  but  extending  over  about  12°  of  arc  immediately  in 
advance  of  the  spot.  On  July  8th  the  spot  was  again  drawn 
as  it  reappeared  at  the  E.  limb.  It  was  preceded  by  extensive 
faculae,  and  was  itself  still  surrounded  by  a  ring  of  brighter  facu- 
lae. Its  general  appearance  was  ver>'  similar  to  that  it  presented 
when  leaving  the  W.  limb  on  June  21.  As  its  area  was  then  in- 
creasing it  must  have  attained  its  maximum  when  on  the  invisible 
side  of  the  Sun.  The  appearance  was  still  not  very  much  ialtered 
on  July  11,  the  date  of  the  outburst  recorded  by  Mr.  Townsend. 
On  July  15,  although  the  Sunspots  were  drawn  at  about  the  very 
time  Professor  Hale  witnessed  the  phenomena  he  has  described,  a 
thick  haze  unfortunately  prevented  more  than  the  mere  outline  of 
the  spot  being  drawn.  Our  last  record  of  the  spot  during  the  sec- 
•  Commtinicatcd  bv  the  author. 


ond  rotation  was  obtained  on  July  18,  when  it  was  near  the  W. 
limb.  On  Aug.  4  the  place  of  the  spot  was  occupied  by  a  bright 
cluster  of  faculae.  It  is  noteworthy  that  a  second  spot  made  itj* 
appearance  and  was  drawn  on  Aug.  9th  in  the  same  latitude*  but 
following  by  about  thirteen  degrees  in  longitude. 

The  magnets  liad  been  perfectly  quiet  from  June  11,  until  at 
about  3  p.  M.,  G.  M.  T.,  on  the  IGtli,  a  slight  disturbance  com- 
menced  in  tlie  horizontal  force  magnet.  This  continued,  and  later 
appeared  in  all  three  elements  as  a  series  of  small  intermittent  os- 
cillations which  lasted  until  the  morning  of  the  18th,  The  spot 
which  was  forming  would  have  been  on  the  central  meridian 
about  the  16th.  The  series  of  small  oscillations  in  the  magnets 
again  recommenced  on  the  21st,  and  continued  until  the  morning 
of  the2nLh.  The  spot  passed  across  the  W.  limb  of  the  Sun  be* 
tween  the  21st  and  22nd.  During  the  26th  the  magnets  were 
periectly  quiet,  until  quite  suddenly  at  about  o  a.  m,  on  the 
morning  of  the  27th,  a  considerable  disturbance  commenced  in 
the  hdrizontal  force  and  declination  magnets.  The  greatest  oscil- 
lation in  all  three  elements  occurred  at  about  4  p.  M,  on  the  27th, 
the  declination  magnet  moving  West  through  24'. 81,  The  ex* 
trenie  range  of  this  magnet  during  the  disturbance  was  49'.07 
The  movement  in  the  vertical  force  magnet  at  4  p.  m.  on  the  27th 
was  very  marked.  The  storm  ended  at  about  midnight  of  ihc 
28th.  The  spot  would  at  this  date  have  been  nearly  central  on 
the  invisible  hemisphere  of  the  Sun,  and  judging  from  its  appear- 
ance at  the  second  rotation,  would  likewise  have  been  of  consid- 
erable area.  On  the  visible  hemisphere  of  the  Sun  nothing  of  any 
importance  was  to  be  seen.  The  magnets  now  remained  gener- 
ally quiet  with  the  exception  of  some  slight  movements,  the  more 
noticeabk'  taking  place  at  early  morning  and  at  midnight  of  July 
10th. 

The  spot  had  reappeared  on  the  Sun's  visible  disk  on  July  Hth. 
On  the  11th,  the  day  Mr.  Townsend  observed  the  remarkable  re- 
versals of  the  C  line  over  the  spot  at  about  12-15  v.  m.,  g.  m,  t., 
a  single  sharp  upward  movement  both  on  the  declination  and 
horizontal  force  magnets  alone  interrupted  their  otherwise  qui- 
escent state.  In  a  very  similar  outburst  observed  b)'  Professor 
Young  over  a  spot  on  Aug.  5, 1872,  (The  Sun,  p.  158),  a  shivering 
of  the  otherwise  quiet  magnet  coincided  in  time  with  the  solar 
storm.  On  the  afternoon  of  July  12th,  the  magnets  again  began 
to  be  more  violently  disturbed,  the  storm  continuing  over  the 
13th  until  the  morning  of  the  14th.  The  spot  crossed  the  cen- 
tral meridian  about  the  14th.    On  the  15th,  at  the  actual  thne 
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when  Professor  Hale  witnessed  the  remarkable  phenomenon  simi- 
lar to  that  observed  in  1859  by  Carrington  and  Hodgson,  there 
was  not  the  slightest  disturbance  on.  the  vertical  force  and  declin- 
ation magnets.  There  was,  however,  a  slight  trembling  in  the 
horizontal  force  magnet  which  was  the  prelude  to  the  violent 
storm  which  set  in  and  lasted  over  the  16th  until  midnight  of 
the  17th.  On  the  morning  of  the  16th  unfortunately  the  horizon- 
tal force  magnet  was  dismounted  in  order  to  lessen  its  sensibility, 
which  had  been  found  to  be  too  great,  but  judging  from  the  trace 
of  the  declination  magnet,  this  storm  must  have  been  the  most 
violent  of  the  series.  The  extreme  range  of  the  swing  of  this 
magnet  at  7  p.  m.,  g.  m.  t.,  on  July  16th  was  1°  34.73'.  After 
this  storm  the  quiet  was  only  disturbed  by  a  few  sharp  move- 
ments of  the  magnets  on  the  mornings  of  the  21st  and  the  22nd, 
until  in  the  early  hours  of  the  26th  a  disturbance  set  in  which 
consisted  mainly  of  a  series  of  moderate  oscillations,  which 
passed  away  on  the  29th  at  midnight.  At  this  time  the  spot 
would  have  been  about  central  on  the  other  side  of  the  Sun.  On 
Aug.  4th  bright  faculae  alone  reappeared  in  the  place  of  the  spot. 

With  regard  to  the  storm  of  July  16  and  17,  two  groups  of 
spots  which  appeared  at  the  Sun's  E.  limb  on  July  4  were  in 
transit  across  the  disc  and  were  each  of  considerably  larger  area 
than  the  spot  in  question.  But  on  collating  the  magnetic  curves 
with  these  spots  they  do  not  seem  to  be  connected  with  the  dis- 
turbances. On  July  16  they  were  far  past  the  central  meridian, 
and  moreover  there  was  no  storm  to  correspond  with  them  as 
they  advanced  across  the  Sun's  disc.  Again  at  the  time  of  the 
storm  July  26-29,  several  large  spots  had  just  entered  on  the 
disc. 

But  that  three  magnetic  storms  should  have  coincided  with 
three  separate  meridian  passages  of  the  same  spot,  and  that  the 
outburst  witnessed  by  Mr.  Townsend  should  have  been  marked 
by  a  simultaneous  tremor  in  the  magnets,  while  the  more  extra- 
ordinary phenomenon  observed  by  Professor  Hale  should  have 
been  followed  in  a  few  hours  by  a  violent  storm,  would  seem  to 
point  to  more  than  merely  accidental  coincidences,  and  to  stamp 
this  spot  of  July,  1892,  as  exercising  a  special  magnetic  influence. 
If  this  is  so,  it  only  serves  to  confirm  the  opinion  expressed  in  the 
Stonyhurst  College  Observatory  Report  for  1883  **that  there  is 
some  evidence  to  show  that  the  aurorae  and  magnetic  storms 
synchronize  rather  with  particular  classes  of  spots  than  with 
solar  disturbances  generally." 

Stonyhurst  College  Observatory, 
Lancashire,  England,  Sept.,  1892. 


RECENT   OBSERVATIONS  OF   NOVA    AURIG^E,  (SEPT.   8   TO   OCT.  13, 

.    1893)." 


W  W    CAMFBBLL. 


Unfavorable  weather  has  made  it  impossible  to  obtain  mnt 
observations  of  Nova's  spectrum  in  the  last  month.  However, 
the  position  ol  the  chief  nebular  line  has  been  measured  oo  three 
mornings,  and  the  following  wave-lengths  and  probable  errors 
obtained ; 

Sept.  15,  16^'  Sept.  22,  IS**  Oct.  12,  16»» 

Compound  prismf » *...„    ,.,,...... 5i»02.34' ±0.12 *...^«. 

Grat^n^^  1st  order 5()01i.54±t».lB  5(H»2.39  ±0.23  5003,67x0*26 

Grating,  2d  order.,*. 5UU2.n5±0.18  5002,7M±OJ5  5003.57*0.13 

Means 5002.29  5002.48  5003.62 

These  itieasures  make  it  certain  that  the  velocity  of  approach  is 
not  increasing  at  present,  and  seem  to  show*  that  it  is  now"  de- 
creasing. The  observations  in  Atigiist  and  the  early  part  of  Sep- 
tember seemed  to  show  an  increase.  Such  results  are  not  oppos- 
ed to  the  theory  of  orbital  motion;  though  as  stated  in  niy 
pa|>er  of  Sept.  8  (Astkonomy  and  Astro- Physics  for  October), 
the  difficulties  in  the  w^ay  of  deciding  the  question  arise  not  from 
the  faintncss  of  the  lines,  but  from  their  great  breadth,  and  furth- 
er ohserva Lions  must  be  awaited.  However,  it  seems  to  uie  that 
the  measured  increase  of  wave-length»  1.6  tenth  metres,  is  a  real 
variation. 

The  line  in  Nova's  spectrum  at  A435yis  by  far  the  brightest  line 
shown  in  the  photographs,  and  is  about  ten  times  as  intense  a» 
the  faint  HA  line.  This  line  exists  in  the  three  othernebula?  which 
I  have  thus  far  examined  tor  it.  In  2;  6  its  wave*length  obtained 
from  two  negatives  is  4363,  and  its  intensity  is  about  one-tenth 
that  of  the  Hy  line.  In  N.  G.  C.  7027  its  wave-length  from  two 
negatives  is  4363  and  its  intensity  is  about  one-fourth  that  of 
llr.  In  a  photograph  of  the  spectrum  of  the  Orion  Nebula  (show- 
ing about  25  lines  between  A  5007  and  A  3800)  this  line  is  sho\\*u 
at  A  4364,  and  its  intensity  is  about  one-twentieth  of  that  of  H^* 
Two  negatives  of  the  spectrum  of  ^  6  show  a  line  at  about 
\  4636.  Tliis  undoubtedly  corresponds  to  the  line  in  Novaks 
spectrum  at  A  4630.  Tlius  both  lines  referred  to  at  the  clonic  of 
my  former  paper  are  shown  to  be  nebular  and  arc  properly  dis- 
placed* 

*  Comnitinicattd  bv  the  author. 

I  The  disiKrsion  with  the  dense  compound  pHsm  is  slightly  greater  than  wiUi 
the  grating*  in  the  first  order. 
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A  recent  photograph  of  Nova's  spectrum  shows  not  only  all  the 
lines  on  the  September  photographs,  but  also  three  additional 
ones  at  A.  471,  A.  460  and  A.  451.  The  first  two  of  these  exist  in 
the  spectrum  of  2  6. 

The  prominent  line  in  Nova's  spectrum  at  A  5751  has  not  3'et 
been  thoroughly  searched  for  in  other  spectra.  It  does  not  ap- 
pear to  correspond  to  any  of  the  prominent  lines  in  the  Wolf- 
Rayet  stars.  Last  night  I  measured  the  wave-lengths  of  several 
bright  lines  in  the  spectrum  of  the  star  D.  M.  +  36°  3956.  The 
prominent  lines  in  the  yellow  are  at  A  5812  ±  0.9  and  A  5688 
=t  1.3.    Thus  the  Nova  line  falls  about  midway  between  these. 

Neither  the  magnitude  nor  the  spectrum  of  Nova  seems  to  have 
changed  any  since  August  17,  when  it  was  first  seen  here.  It  is 
difficult  to  estimate  the  magnitude  of  Nova,  on  account  of  the 
distribution  of  the  light  in  its  spectrum.  Its  apparent  magnitude 
is  a  function  of  the  focusing  and  the  color  curve  of  the  telescope. 
The  very  different  estimates  made  by  different  observers  can  be 
explained  largely  by  these  facts.  In  the  finder  of  the  36-inch 
telescope  practically  all  the  light  of  Nova  is  brought  to  a  focus  at 
one  point,  and  it  is  clearly  half  a  magnitude  brighter  than  the 
star  just  north  following  it.  In  the  great  telescope,  however, 
with  the  eyepiece  adjusted  to  the  stellar  focus,  the  Nova  and  the 
star  are  very  nearly  of  the  same  magnitude.  When  the  eyepiece 
is  in  focus  for  the  rays  of  wave-length  5007,  the  Nova  is  clearly 
brighter  than  the  star. 

In  my  former  paper  I  should  have  stated  that  Professor  Keel- 
er's  adopted  wave-length  of  the  chief  nebular  line,  X  5007.05,  was 
taken  from  his  unpublished  manuscript,  and  is  based  upon  Row- 
land's scale. 

1892,  Oct.  14. 


THE  ULTRA-VIOLET    SPECTRUM    OF  THE  SOLAR    PROMINENCES. 

III. 

GEORGE  E.  HALE. 


A  photograph  of  the  spectrum  of  a  metallic  prominence,  taken 
at  the  Kenwood  Observatory  by  my  assistant,  Mr.  G.  Du wait,  on 
Oct.  15,  1892.  at  3^  15™  (Plate  D  1407)  contains  74  bright  lines 
in  the  ultra-violet  between  \  3970  and  A.  3630.  The  12-inch  pho- 
tographic objective  by  Brashear  and  the  spectrograph  with  4- 
inch  14,438  grating  and  3^-inch  glass  objectives  were  employed. 


The  large  number  of  lines  obtained  is  rather  surprising  when  the 
absorption  of  ultra-violet  light  in  the  three  objectives  is  con- 
sidered. All  of  the  lines  that  I  have  previously  photo^aphed, 
as  well  as  all  those  obtained  by  M*  Deslandres  with  apparatus 
in  which  no  ghiss  is  used»  are  shown  on  the  photograph.  In  ad- 
ditiou  to  these  there  are  the  following  32  lines,  which  were  not 
previously  known: 


A 

A 

Jl 

3^«H 

3803 

3724,3 

:iD56.l> 

3S50.5 

371  G.9 

3045.2 

3813.5 

371  n  3 

3938  J 

3774 

3699.5 

3913.5 

3767.1 

3683 

3U65 

3758 

3681 

3895.5 

3757,0 

3679.5 

3893.8 

3749.7 

3674  2 

3891 

3741  7 

3er,2  2 

3H78.8 

37333 

3617.8 

3632 

3630,8 

New  lines  are  also  susfjected  at  A  3807.2,  3802,  3764.  a7<i3. 
3758.2,  3709.5,  3707.8,  367ti,  3643. 

The  above  wave-lengths  are  to  be  regarded  as  oidy  ap|jrn\i- 
mate,  as  the  conditions  under  which  many  of  them  were  deter- 
mined rendered  great  accuracy  imijossible. 

Kenwood  Obsekvatokv,  University  of  Chicago, 
Oct.  25»  1892. 


ASTRO-PHYSICAL  NOTES. 

All  iiriiLti'!*  iitul  correal  K)ndctJL'C   relating    U»  s|Hrctri:sctipy  ami  of  her  ^^itiyc, 
projicrly  inchiikcl  in  AsTKOpHVstics.  s^hould  Ix'  uddrcssictl  to  llc«jr^c  K.  Hak.  Kt 
wood  Obscrvaton   of  the  University  of  Chicnjio,  ClHc*tgo,  V,  S.  A.     AutJjooi 
]Ki]K'rs  arc  rc(i  tics  ted    to  refer  to  ym^v  H48  lf>r  iii.o?si:ation  in  rrji»»iril  In  illuntfii' 
tions,  reprint  copies,  etc. 

The  £ditori&l  Board  of  AAtro-Physict.— Since  the  estahli&hment  of  AsTio- 
Piivsics  it  1ms  been  tlic  constant  endeavor  of  its  Editor  to  improve  its  content* 
in  every  iMJSsihlc  way-  A  most  important  stcf)  has  jaat  heen  taken  in  tliisdircv^ 
tion  by  the  formation  of  a  body  of  Associate  Editors,  consisting  of  Prolewor 
James  E,  Keeler,  llircetor  of  the  Allegheny  Observatory,  Dr.  Henry  Crew,  Pro- 
fessor o(  I^hysics  at  Northwestern  rnivcrsitv*  and  Dr.  Joseph  8.  Ames,  ol  Johnp 
Hopkins  University.  The  importnin  investigations  by  which  these  gentlemen  hni>e 
contributed  to  our  knowledge  of  astronomical  and  terrestrial  phytic*  art  m>  u^I 
known  as  to  render  imnccessary  any  word  of  introduction  for  the  investigjitort 
themselves.  It  will  be  seen,  however,  that  etelJar  and  nebular  8|)ectroscopy  will 
henceforth  be  full3'  represented  in  this  journal  through  the  services  of  I'rofeK^or 
Kecler,  while  the  more   purely  physical  side  of  astro-physics  will  receive  nmptr 
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recognition  through  Professor  Crew  and  Dr.  Ames.    We  congratulate  our  readers 
and  ourselves  on  the  results  which  such  cooperation  must  lead  us  to  expect. 


Asorption  of  Radiant  Energy.— An  interesting  study  of  the  absorption  of  ra- 
diant energy  has  recently  been  made  by  Mr.  Bjerknes,  and  forms  one  of  the  con- 
tributions to  the  current  number  of  Wiedemann's  Annalen. 

The  writer  confines  his  attention  to  the  long  wave-lengths  and  to  metallic 
media.  Using  a  primary  conductor  of  Hertz's  pattern,  the  radiations  produced 
are  examined  in  succession  with  a  series  of  geometrically  identical  secondary  cir- 
cuits (resonators),  each  made  of  a  different  metal. 

In  this  manner,  each  secondary  receives  the  same  amount  of  electro- magnetic 
energy  and  the  name  impressed  electromotive  force  between  the  terminals  of  its 
spark  micrometer. 

But  the  size  of  the  spark  was  found  to  vary  l^etween  wide  limits,  thus  show- 
ing that  some  metals  dampen  vibrations  much  more  quickly  than  others.  Of  the 
six  metals  tried,  copper  gave  the  largest  and  iron  the  smallest  spark.  Copper  is, 
therefore,  the  most  transparent  and  iron  the  most  opaque,  substance  on  the  list. 
In  order  of  transparency,  the  list  runs  copper,  brass,  german  silver,  platinum^ 
nickel,  iron.  This  leads  to  the  surprising  result  that  in  these  metals,  at  least,  the 
transparency  is  proportional  to  the  electrical  conductivity.  Iron  and  nickel 
stand  alone  at  the  bottom  of  the  list  and  appear  to  be  more  opaque  than  non- 
magnetic metals  of  the  same  conductivity. 

In  regard  to  this  work,  there  may  be  some  question  as  to  just  how  much  of 
the  effect  observed  by  Mr.  Bjerknes  may  be  due  to  the  fact  that  these  rapidly  al- 
ternating currents  travel  only  in  the  skin  of  the  wire.  At  an3''  rate,  a  comparison 
of  the  absorptive  powers  of  these  same  metals,  in  thin  films,  for  visible  rays, 
and  for  that  part  of  the  ultra-red  accessible  to  the  bolometer,  would  be  valuable. 
For  here  the  displacement  currents  would  be  compelled  to  take  place  in  the  in- 
terior of  the  medium,  albeit  the  medium  might  be  very  thin. 


Method  for  Detecting  and  Exhibiting  Hertzian  Vibrations.— Among  the  many 
methods  recently  offered  for  the  detection  and  exhibition  of  Hertzian  vibrations 
one  of  the  neatest  is  that  proposed  by  Mr.  Zehnder  ( Wied.  Ann.  Bd.  47,  pp.  77- 
92).  He  employs  the  secondary  spark  to  diminish  the  resistance  between  the 
electrodes  of  a  Geissler  tube,  these  electrodes  being  already  connected  to  a  source 
of  electromotive  force,  nearly  but  not  quite  sufficient  to  produce  a  luminous  dis- 
charge. The  manner  in  which  this  is  done  is  to  seal  the  terminals  of  the  resona- 
tor into  the  Geissler  tube  near  the  kathode. 

The  kathode  and  anode  are  then  connected  to  the  respective  poles  of  a  small 
induction  coil  which  is  synchronized  with  the  Hertzian  primary.  Thus  at  the  in- 
stant when  the  resonator  spark  passes  there  exists  a  pressure  on  the  electrodes  of 
the  tnbe,  and  the  sudden  diminution  of  resistance  due  to  the  secondary  spark 
makes  this  pressure  sufficient  to  light  the  tube. 

The  method  is  evidenth'  one  requiring  delicate  adjustment  and  is  useful  only 
in  the  focal  lines  of  reflectors:  but  it  is  a  beautiful  experiment  for  placing  a  large 
audience  at  once  in  possession  of  evidence  for  Maxwell's  theory  of  light. 


Line  Spectrum  of  Hydrogen  in  the  Ozyhydrogen  Flame.— Professor  Liveing  of 
Cambridge  has  been  making  a  very  careful  search  for  the  line  spectrum  of  hydro- 
gen in  the  oxyhydrogen  flame  and  has  failed  to  find  the  slightest  trace  of  any  one 


of  the  hydrogen  lines.    Fhotoj^aphs  and  eye  observations  were  each  called  into 

service. 

Professor  Li  vein  g  therefore  concludes  that  I'likkcr  was  mistalcen  in  his  sup- 
posed observation  of  C  and  Fin  this  flarne.  Those  interested  will  find  Professor 
Liveing^s  note  in  the  October  numbtr  of  the  Phiiosophicnl  Magazine. 


Solar  Obsenratiana  at  Mt,  Hamilton.— In  the  current  ttoinber  of  Nature,  Protev 
sor  Henry  Crew  calls  attention  to  the  fact  that  the  daytime  seeing  at  the  Lick 
Observatory  is  so  influenced  by  local  conditions  as  to  make  the  Utvineh  u}uMSi  aJ- 
most  useless  for  visual  work  on  the  Sun. 

On  comparison  of  all  three  refractors  belonging  to  this  Observatory,  the  •*- 
inch  and  12-inch  were  each  found  to  give  definition  sui*crior  to  that  of  tlie  lar|(c 
instrument. 

The  cause  of  this  is  supposed  to  be  the  heated  air  which  rises  oflf  the  storp 

ides  of  the  moantttin  and  floras  up  over  the  Observatory  at  the  tup.    The  cjt- 

Sanation  will  apjjcal  to  anyone  who  has  spent  a  summer's  day  on  Mt.  Handl* 

ton.    In  a  comparison  of  this  kind,  the  greater  magnifying  power  of  the  lar^ccr 

lens  is  not  to  be  forgotten. 


On  the  Central  Star  of  the  Ring  Nebula  in  Lyra.— The  fuMnwing  note  by  PfO* 
feasor  Kceler  is  reprinted  from  A,  N.  3111  : 

Dr,  Scheiner's  interesting  note  in  *4  N.  3086,  on  the  cburactrr  of  the  central 
star  in  the  Lyra  nebula,  leads  me  to  mention  some  visual  observations  of  roy  ovm 
which  have  a  bearing  on  the  same  subject.  The  central  star  is  lieyond  the  reach 
of  the  Allegheny  refrnctor.  and  all  my  observations  were  made  in  California,  with 
the  thirty-six  inch  telescope  of  llie  Lick  Observatory.  With  this  instrument  llic 
central  star  was  always  easily  visible,  although  it  was  too  faint  for  obacrv«tio<o 
with  the  spectroscope. 

Owing  to  the  considerable  chromatic  aberration  of  so  large  a  tele^coj^ie.  h 
gaseous  nebula  and  its  stellar  nucleus  cannot  be  seen  distinctly  at  the  same  time; 
if  the  focus  is  adjusted  on  the  star,  the  eye^ptece  must  l»e  drawn  out  a  little  to 
give  a  distinct  view  of  the  nebula.  If  the  nebula  presents  any  well*marked  de- 
tails, (like  the  beautiful  planetary  nebula  G.  C.  4373,  in  Draco),  this  |)ecnUnritr 
l>ecoDics  very  noticeable,  and  the  difference  of  focus  for  the  two  objects  mat 
be  casih'  measured.  Professor  Holdcn  and  Professor  Schaebcrle  found  I  he  change 
of  adjustment  required  in  the  case  of  the  Draco  nebula  to  be  0  4-4-  inch.  From  a 
consideration  of  the  color-curve  of  the  objective,  obtained  by  Vogel's  spe<*tro- 
scopic  method,  the  difference  would  appear  to  be  somewhat  less  thau  this,  per* 
haps  from  0.35  to  0.40  inch,  the  exact  value  •depending  upon  the  position  which 
the  observer  assigns  to  the  focal  plane  for  the  three  principal  nebular  lines,  as  the 
most  satisfactory  compromise.  Thus  the  telescope  itself  roughly  serves  the  pur- 
pose of  a  spectroscope,  and  in  default  of  more  accurate  methods  may  give  indi- 
cations of  value.  Applying  this  method  to  the  Ring  Nebula  in  Lyra,  I  found  that 
the  same  difference  of  focus  was  required,  as  nearly  as  I  could  fudge,  as  for  G.  C. 
4373,  the  central  star  being  sharply  seen  when  the  eye  piece  was  considrmbly 
inside  the  position  required  for  the  ring.  Hence  the  maximum  of  light  in  the 
spectrum  of  the  star  is  in  the  yellow  or  green,  as  it  is  in  the  nuclei  of  all  tlie  plane- 
tary nebulae  which  are  sufficiently  bright  for  examination  with  the  s|jectro8cofje* 

Dr.  Scbeiner's  conclusions  in  regard  to  the  character  of  the  central  star  there- 
fore require  some  modification.  It  can  hardly  be  doubted  that  the  ceittntl  atur  is 
actually  formed  from  the  nebula  by  a  process  of  condensation;  but  it  is  not 
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mcrelj'  a  brighter  portion  of  the  nebula,  emitting  radiations  of  the  same  charac- 
ter as  the  rest.  Increased  radiation  in  the  lower  part  of  the  spectrum  has  accom- 
panied the  process  of  condensation.  The  nucleus  so  nearly  approaches  the  stellar 
character  that  the  general  distribution  of  light  in  its  spectrum  is  that  of  an  ordin- 
ary star. 

It  may  very  well  be,  however,  that  the  photographic  energy  of  the  star  is  due 
to  bright  lines  in  the  violet  part  of  its  spectrum  (most  probably  the  hydrogen 
lines),  the  presence  of  which  would  add  greatly  to  the  photographic  effect  with- 
out displacing  the  maximum  general  brightness  from  the  yellow.  The  nuclei  of 
some  planetary  nebulae  which  are  within  reach  of  the  spectroscope  are  of  this 
character. 

It  is  possible  to  give  another  explanation,  which  accounts  for  the  observed 
phenomena  without  attributing  unusual  properties  to  the  central  star.  The  pho- 
tographic energy  of  a  gaseous  nebula  resides  very  largely  in  the  fourth  line  in  its 
spectrum,  or  the  Uy  line  of  hydrogen,  and  in  different  nebulae  various  relations  of 
brightness  are  found  to  exist  between  the  hydrogen  lines  and  the  first  and  second 
nebular  lines,  while  to  these  two  last  almost  the  whole  visual  effect  is  due.  In 
the  Orion  nebula  the  hydrogen  lines  are  relatively  bright;  in  the  intrinsically 
brilliant  nebula  N.G.C.  7027  they  are  relatively  faint.  Hence  the  brightness  of  a 
nebula  is  not  a  trustworthy  indication  of  its  photographic  activity.  Now  the  in- 
trinsic brightness  of  the  Ring  Nebula  in  far  below  that  of  many  smaller  nebulae, 
and  moreover  the  hydrogen  lines  are  relatively  faint.  Hence  it  may  be  that  the 
prominence  of  the  central  star  in  the  photographs  may  be  due  not  to  strength  of 
photographic  action  of  the  star,  but  to  weakness  of  that  of  the  nebula,  which  is 
taken  as  the  term  of  comparison.  Obviously  the  true  test  would  be  to  compare 
the  central  star,  not  with  the  nebulous  ring,  but  with  other  stars  on  the  plate,  of 
the  same  visual  magnitude,  which  are  outside  the  limits  of  the  nebula.  It  is  pos- 
sible that  such  comparisons  have  been  made,  although  I  do  not  know  of  any 
published  results.  In  the  only  photographic  representation  of  the  Lyra  nebula 
which  I  have,  the  plate  in  Pubblicazioni  della  Specola  Vaticana,  Fascicolo  II, 
both  the  central  star  and  the  well  known  star  following  the  ellipse  are  shown. 
The  magnitudes  of  these  stars  have  been  variously  estimated  by  different  obser- 
vers, and  the  former  is  sometimes  regarded  as  variable.  Mr.  Burnham  rates 
them  as  15.4  and  12.4  respectively.  In  the  plate  mentioned,  the  larger  star  is 
about  twice  the  diameter  of  the  smaller.  Whether  two  other  stars  of  the  same 
magnitudes  wonld  give  similar  discs  I  have  no  means  of  telling.  The  exposure 
of  the  photograph  was  one  hour  and  fifty  minutes. 

It  is  quite  possible  that  the  photographic  prominence  of  the  central  star  is 
due  to  both  causes,  namely:  partly  to  feeble  action  of  the  nebulous  ring,  and 
partly  to  strong  action  of  the  central  'star. 

It  should  also  be  borne  in  mind  that  the  relative  prominence  of  these  two 
features  in  the  photograph  is  not  determined  solely  by  their  natural  diflference  of 
constitQtion,  but  in  a  large  measure  by  the  dimensions  of  the  telescope  employed. 
The  brightness  of  the  image  of  the  nebula  follows  one  law,  that  of  the  stellar 
image,  another.  james  b.  keelek. 

Allegheny  Observatory,  Allegheny,  Pa.,  1892,  July  5. 


Schmnann*!  Researches  on  the  Extreme  Ultra-Violet  Part  of  the  Spectrum.— 
Herr  Victor  Schumann  has  published  in  pamphlet  form,  as  a  reprint  from  the 
"Photographische  Rundschau'*  for  1892,  an  account  of  his  researches  on  the  ex- 
treme ultra-violet  spectra  of  the  metals.    The  pamphlet  gives  a  narrative  of  his 


experinaentfl  in  this  JifHcalt  6e1d,  rather  thAit  a  final  statement  of  the  results  ob- 

tained»  and  describes  a  numlaer  of  iraprovonients  in  his  original  apparatus  whieh  , 
have  enabled  him  to  trace  the  ultra  violet  spectrum  farther  than  before,  or  abore  1 
/  1820.  The  experimental  difficulties  encountered  in  such  work  may  be  esttmatetl 
from  the  foct  that  according  to  Comu  four  inches  of  air  are  sufficient  tocompletdy 
nbsorb  rays  of  wave-length  15G6,  and  Schumann  finds  ihe  absorption  oi  air 
even  greater  than  this.  The  optical  train  i>f  fiuor  spar. and  the  camera  are  tbcrr 
fore  enclosed  in  a  tig^ht  vessel  which  is  exhausted  by  means  of  an  air-ptmsp,  the 
sensitive  plate  being  introduced  through  a  kind  of  air-lock.  According  to  Hcrr 
Schumann  the  siK'ctrnm  of  hydrogen  has  no  fewer  than  five  hundred  lines  in  the 
extreme  tdtra  violet*  their  wave-lengths  Ix-ing,  of  course,  subject  to  great  nucer- 
tainiy.  An  exhaustive  account  of  his  researches  on  the  hydrogen  si>ectrom  willj 
shortly  be  contributed  by  Hcrr  Schumann  to  this  journal. 


Drawings   of   Mars.— The  great   numl>er  ol  drawings  of  Mars  which  have 
doubtless  Ix'cn  made  during  the  opposition  just  past  will  probat»ly  illustrate  Ujc 
jjcrsonality  of  the  observer  in  interpreting  the  faint  markings  pres-cnted  lo  bis  eye, 
as  well  as  serve  their  main  purpose  of  recording  the  surface  features  of  the  pl<itiet- 
Certainly  such  drawings  as  have  already  been  published  show  the  effect  of  this 
personal  interpretation  very  strongly.     It  is  probable  that  fewer  discrepancicsj 
would  occur,  porticulariy  in  the  case  of  drawings  made  with  telescopes  dt0erin| 
greatly  in  size,  if  observers  would  pay  more  attention  to  the  relative  strength  of ' 
markings.     It  is  necessary  to  exa^-jjcratc  the  contrasts,  but  a  uniform  scale  n(  ttt* 
tensity  should   lie  preserved   throughout,     A   drawing  made   with  a  small  leh 
scojie  would  then  have  a  general  resemblance  to  a  distant  view  of  one  made  with  j 
a  large  tclesco[>e. 

The  Cyclone  Theory  of  Sun-spots.— The  following  note  is  from  ATafirre,  Sept, 
22.  1892. 

A  somewhat  prolonged  absence  from  home  has  prevented  me  seeing  «ttitil 
uow^  your  note  on  July  21,  page  2K0,  in  which  the  writer  remarks  that  tlic 
results  of  M.  CamiJle  Plammarion— pulilished  in  the  July  number  of  LMsfronoiiB*e 
— **seem  to  confirm  the  view  su^^geisted  by  M.  Faye  that  the  constilutiMu  i»f  [Sum] 
spots  rcsemlilcs  somewhat  that  of  the  cyclones  with  which  wc  arc  ramiliar* 

I  write  to  point  out  that  this  is  not  the  theory  of  M.  Faye.  button  ihecontrnrv^ 
is  the  theory  ot  Mr.  Herbert  Spencer,  which  he  published  in  the  Renrivr  tor  Febro*! 
an.*  25,  1865,  and  which  has  since  l>een  republished  m  his  collected  essays  u«der 
the  title/' The  Constitution  of  the  Sun.'*  In  it  Mr.  Spenter  first  points  opi  tlic 
untenability  of  M.  Faye*s  hypothesis*  and  then  goes  on  to  say: — **The  explann" 
tion  of  the  solar  spots  above  suggested^  which  was  originally  prO}»ounded  in  op* 
|>osition  to  that  of  M.  Faye,  was  eventually  adopted  by  him  in  place  of  his  own. 
In  the  Compter  Rcndus  for  IHOT,  vol,  Jxiv  ,  p,  4(14,  he  refers  to  the  article  in  tl»e 
Reader,  partly  reproduced  alx>ve,  and  speaks  of  me  as  having  been  replied  tf^  tn  a 
previous  note.  Again,  in  the  Comptes  Retidus  for  1H72,  vol.  Ixxv.,  P-  ' 
recognixea  the  inadequacy  of  his  hypothesis,  saying;— 'II  est  certain  qut 
tion  de  \L  S|jencer,reprodnit  et  d<?velop|i^e  par  M.  Kirchhoff,e«t  fondfe  jueqn'A  i 
certnin  point;  Vint^rieur  des  taches.  si  ce  sont  des  lacunes  dans  la  phototspl»^^r«  ' 
doit  ^trc  froid  relativement  .  ,  .  .  II  est  done  impossible  ijuVlles  provientictit 
dYrupiions  ascendantCK/  He  then  proceeds  to  set  forth  the  hypothesis  thjit  the 
spots  are  caused  by  the  precipitation  of  vapour  in  the  interioi «  of  cyclone*.  But 
though,  as  above  shown,  he  refers  to  the  objection  made  in  rhe  foregoing  rs«ar  to. 
his  original  hyiK^thesis,  and  recognizes  its  cogency,  he  docs  not  say  thai   || 
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hypothesis  which  he  thereupon  substitutes  is  also  to  be  found  in  the  foregoing 
essay.  Nor  does  he  intimate  this  in  the  elaborate  paper  on  the  subject  re?id  before 
the  French  Association  for  the  Advancement  of  Science,  and  published  in  the 
Revue  ScientiBque  for  March  2+,  1883.  The  result  is  that  the  hypothesis  is  now 
currently  ascribed  to  him.  I  should  add  that,  while  M.  Faye  ascribes  solar  spots 
to  clouds  formed  within  cyclones,  we  differ  concerning  the  nature  of  the  cloud.  I 
have  argued  that  it  is  formed  by  rarefaction,  and  consequent  refrigeration,  of  the 
metallic  gases  constituting  the  stratum  in  which  the  cyclone  exists.  He  argues 
that  it  is  formed  within  the  mass  of  cooled  hydrogen  drawn  from  the  chromo- 
sphere into  the  vortex  of  the  cyclone.  Speaking  of  the  cyclones,  he  says:— *  Dans 
leur  embouchure  ^vas^  ils  entraineront  rh\'drog&ne  froid  de  la  chromosphere,  pro- 
duisant  partout  sur  leur  trajet  vertical  un  abaissement  notable  de  temperature  et 
une  obscurity  relative,  due  k  I'opacit^  de  I'hydrog^ne  froid  englouti*  (Revue 
ScientiBque,  March  24-,  1883).  Considering  the  intense  cold  required  to  reduce 
hydrogen  to  the  'critical  point,'  it  is  a  strong  supposition  that  the  motion  given 
to  it  by  fluid  friction  on  entering  the  vortex  of  the  cyclone,  can  produce  a  ro- 
tation, rarefaction,  and  cooling,  great  enough  to  produce  precipitation  in  a 
region  so  intensely  heated." — {Essays,  1891  Edition,  vol.  i.,  pp.  188-9.) 

Churchfield,  Edgbaston.  F.  Howard  Collins. 

Solar  Prominence  Photography.— The  following  letter  from  Mr.  Evershed  is  of 
such  general  interest  that  we  insert  it  here. 

Ke.nlev,  Surrey,  Sept.  11, 1892. 
Professor  George  E.  Hale.  Chicago, 

Dear  Sir: — During  the  past  summer  I  have  l^een  able  to  make  a  few  further  ex- 
periments in  solar  prominence  photography,  and  believing  you  will  be  interested 
to  hear  of  my  success,  I  send  3'ou  a  short  account  of  results  so  far  obtained. 

In  the  first  place  I  have  quite  changed  my  opinion  with  regard  to  the  sup- 
posed sujjeriority  of  '  F '  in  this  work,  for  to  my  great  surprise  1  found  H  and  K 
are  not  only  very  easy  to  photograph  but  are  also  easih'  seen  reversed  even  with 
a  wide  slit. 

The  results,  which  ap})ear  to  agree  in  every  particular  with  your  work,  may 
be  summarized  as  follows: 

(1).  H  and  K  are  strongly  reversed  in  the  chromosphere  and  in  every  lu'dro- 
gcn  prominence. 

(2).  The  forms  of  prominences  in  H  and  K  are  similar,  but  sometimes  seem 
to  be  more  extensive  than  in  C. 

(3).  There  is  always  a  companion  line  to  H  on  the  lower  side  reversed  in  the 
chromosphere. 

(4).  On  the  disk  immense  regions  near  spots  are  brillianth*  reversed  in  H  and 
K,  but  the  companion  to  H  does  not  ap|)ear,  nor  do  these  reversals  correspond  at 
all  with  F  reversals. 

(5).  These  long  reversals  are  frequently  doubled  over  large  areas,  r  fine  ab- 
sorption line  appearing  in  the  centre. 

(6).  In  two  negatives  obtained  the  absorption  shade  in  K  (H  is  out  of  the 
field)  is  almost  entirely  wantmg,  whilst  the  centre  is  almost  filled  up  with  a  bril- 
liant double  reversal. 

(7).  At  the  limb  these  reversals  do  not  extend  into  (or  above)  the  chromo- 
sphere except  wht'n  overlaid  by  a  hydrogen  prominence. 

1  have  not  3'et  found  any  instance  of  a  calcium  prominence  unaccompanied  by 
hydrogen,  or  vice  versa,  and  in  this  connection  it  is  of  interest  to  compare  my 
drawing     of    May    2l8t     with    the    photograph     in    the    August    number    of 
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Astro-Physics.  Every  prominence  photographed  is  represented  in  my  drawrng 
ill  exactly  the  same  relative  position.  1  enclose  copy  of  dra^  ing.  The  only  differ- 
ence is  in  the  very  great  depth  of  tl:e  chromosphere  on  the  N.  F.  limb.  U  this  rent 
or  dne  to  irradiation  ? 

I  enclose  one  or  two  6lm  negatives  to  give  on  idea  of  the  kind  of  rtfftult*  I  get. 
The  exposure  rtui^es  from  one-filth  to  one-half  second  and  the  tmfi^  U  mag»iftcfl 
4  or  S  times  on  the  film. 

I  may  mention  also  that  I  find  the  prismatic  spectrum  near  H  (5  prisms  of 
60^)  is  many  times  more  brilliant  than  even  the  tst  order  spectra  of  u  sinxtU 
14,438  line  grating  which  the  British  Astronomical  Association  has  lent  to  me.  I 
therefore  nsc  the  latter  entirely  for  visual  work  and  the  prisms  for  (jhotogrupby. 
The  negative  with  the  date  3,  7,  '92.  was  taken  with  a  circular  slit  and  show*  the 
companion  to  H  distinctly;  also  a  bri>;ht  metallic  prominence  iu  which  thecAlcittm 
lines  are  much  widened;  this  was  on  the  E  limh  just  over  a  spot  at  3-3*1  p,  m.  Tbc 
paper  print  shows  K  with  scarcely  any  absorption  shade.  It  was  taken  at  2*»  3** 
1*.  M.  on  June  5th,  the  slit  being  radial  near  a  jioint  on  the  S.  F.  limb  wlicre  a  bril- 
liant eruption  had  occurred  4  hours  earlier.    Believe  me,     Youm  truly. 

J.   EvC]ISM|U),Jft. 

The  photographs  which  accompanied  the  letter  ore  excellent,  and  weO  illtts* 
trate  Mr,  Eversheil's  success  with  small  instruments.  The  apparently  greater 
depth  ol  the  chromosphere  on  the  N.  F.  limb  of  the  Sun  in  the  photograph  repro- 
duced in  the  August  numlx?r  of  AstroPhvsics  is  due  to  the  fact  tlmt  the 
diaphragm  used  in  excluding  the  direct  light  from  the  Sun*8  surface  was  not  ex- 
actly concentric  with  the  image,  and  thus  a  portion  of  the  photosphere  was 
shown  in  the  photograph. 


Nova  Aurigse.— In  Nature  for  September  22«  1892.  Mr.  H.  F«  Kewull  com* 
municates  his  observations  of  the  Nova  on  the  night  of  September  14.  The  spec- 
trum was  observed  with  a  compound  prism  Ijetween  the  eye  and  rye-piece,  udiI 
was  found  *o  be  faintly  continuous,  varying  from  C  to  F  or  G.  There  were  abo 
seen  **a  bright  line  ijuitc,  or  nf-arly,  coincident  with  C  ;  three  bright  tines  chise  l*»- 
gether  in  the  green,  the  least  refrangible  one  seeming  considerably  broader  tlmii 
the  others;  a  faint  bright  line  in  the  blue  I  ?F)/*  and  a  very  faint  line  occasionally 
seen  in  the  violet.  No  dark  companion  lines  were  seen*  Observing  with  a  power 
of  215  <  without  spectroscope)  it  was  at  first  thought  that  the  Novo  was  diffuse, 
and  resembled  a  minute  planetary  nebula.  It  was  eventually  found,  however, 
that  the  concentration  of  nearly  all  the  Kova*s  liglit  in  the  green  caused  it  to 
have  a  focus  different  from  that  of  other  stars^  and  when  compared  with  a  neigh- 
boring e<]oally  bright  star  it  was  found  when  carefully  focused  to  be  distinctly  the 
more  point-like  of  the  two. 


In  the  Efiglisb  Mechanic  for  Oct.  7^  1892,  Rev.  T.  B.  Bspin  states  thiit  hb  es- 
timate of  the  Nova's  magnitude  was  hurriedly  made,  and  should  be  gtren  do 
weight.  He  further  adds  "  1  have  found  a  close  identity  lietween  the  spectrum  of 
Mira  Ceti  and  the  Nova  .\uriga:.  Comparing  the  photographs  ol  Mira  and  the 
Nova»  the  lines  are  found  generally  to  coincide,  and,  moreover^  the  dupltcattots  of 
the  bands  or  lines  in  Mira  is  obvious.  The  conditions  are,  however,  revtrrsed  iti 
the  Xovn ;  the  bright  bands  were  on  the  less  refrangible  side;  in  Mira  they  iire  on 
the  side  of  greater  refrangibility.  The  mysterious  line  at  500  is  probably  present 
in  the  spectrum  of  Mira.  Dr.  Becker  also  calls  attention  to  the  corrrfipciacleiice 
of  certain  lines  in  the  N%ivn  and  R  Cygni.  and  R  Andromedof  *' 
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Telescopes  for  Amateurs.— The  opposition  of  Mars  and  the  di8covcr3'  of  a  fifth 
satellite  of  Jupiter  have  caused  a  li^reat  accession  of  interest  in  astronomical  mat- 
ters among  amateur  observers.  Mr.  Brashear  furnishes  the  following  list  of  in- 
struments which  he  has  recently  sold,  or  for  which  he  has  received  orders,  and 
says  that  in  many  cases  the  motive  for  ordering  a  telescope  is  stated  to  be  that 
given  above:  15-inch  refractor,  Mr.  Sommers  N.  Smith,  Newport  News,  Va.;  12- 
inch  refractor,  Beirut,  Syria;  6-inch  refractor,  Lebanon,  Ohio;  4-V^inch  re- 
fractor, Mr.  F.  G.  Bennett,  New  Haven,  Conn.,  4Virinch  refractor,  Mr.  J. 
H.  Wilson,  Brooklyn.  N.  Y.;  4V^inch  refractor,  Mr.  D.  H.  Burrell.  Little 
Falls,  N.  Y.;  4-inch  refractor,  Mr.  Park  Painter,  Pittsburgh;  4-inch  refractor,  Mr. 
H.  C.  Frick,  Pittsburgh ;  4-inch  refractor.  Oil  City  High  School ;  3-inch  refractor. 
State  Normal  School,  Farmville,  Va.;  3-inch  refractor.  Dr.  A.  C.  Runion,  Canons- 
burg,  Pa.;  6-inch  objective,  Mr.  N.  Johnson,  Manistee,  Michigan;  6-inch  photo- 
graphic objective,  Mr.  Wm.  Post,  Bayport,  N.  Y.;  6-inch  objective,  Warner  & 
Swasey,  Cleveland,  Ohio;  5-inch  objective,  Mr.  Dayton  C.  Miller,  Cleveland, 
Ohio;  4-inch  objective,  Mr.  A.  S.  Grant,  Palestine,  Texas;  6V^inch  reflector,  Mr. 
J.  A.  Parkhurst,  Marengo,  111.;  6V2-inch  reflector,  Mr.  F.  Dienelt,  Loda,  111.;  8V^ 
inch  speculum,  Mr.  H.  Bradford,  North  Ferrisburg,  Vt. 

Besides  the  instruments  above  mentioned,  which  are  mostly  in  the  hands  of 
amateurs,  Mr.  Brashear  has  since  the  beginning  of  the  year,  either  furnished  the 
following  instruments  to  well-known  observatories,  or  has  them  in  course  of  con- 
struction : 

12-inch  objective  with  photographic  lens,  and  8H-inch  objective,  for  the  new 
Dudley  Observatory',  Albany,  N.  Y.;  12-inch  photographic  objective,  Kenwood 
Observatory,  Chicago ;  6  inch  short  focus  photographic  objective,  Georgetown 
College  Observatory ;  6-inch  photographic  doublet,  and  5-inch  long-focus  object- 
ive with  amplifier,  Goodsell  Observatory,  Northfield,  Minn.;  5%-inch  photo- 
graphic objective  and  accessories  for  the  Observatory  of  Meudon,  France. 


Photographing  the  Ultra-Violet  Rays.— The  following  is  the  second  report  of 
the  committee  appointed  to  co-operate  with  Dr.  C.  Piazzi  Smyth  in  his  researches 
on  the  ultra-violet  rays  of  the  solar  spectrum. 

The  present  report  is  on  the  proposed  experiments  (from  September,  1891,  to 
January,  1892),  for  enablinjj  Dr.  C.  Piazzi  Smyth  to  improve  certain  points  in  the 
taking  of  his  solar-spectrum  photographs  in  the  ultra-violet  by  aid  of  additions  to 
tlie  apparatus  obtained  through  means  of  a  grant  from  the  British  Association  at 
Leeds  in  189(). 

The  report  continuates  the  last  one  by  the  same  committee,  as  printed  in  the 
British  Association's  Cardiff"  volume  of  1891,  at  pp.  147  and  148  thereof,  said 
space  being  then  taken  up  with  little  more  than  descriptions  of  what  the 
apparatus,  then  only  just  finished,  was  intended  for.  Now,  however,  [a  suflficient 
amount  of  experiments  have  been  obtained  to  allow  the  results  to  be  classified 
and  collated  under  three  several  heads,  or  thus: — 

(1 ).  Improved  focussing  means  for  setting  the  focus  of  the  viewing,  or  photo- 
graphic telescope,  both  more  accurately  and  easily  as  well,  from  previous  book- 
record,  rather  than  from  renewed  eye-and-hand  observation  on  every  occasion. 
This  was  carried  out  mainly  and  successfully  by  supplying  wheels  ten  inches  in 
diameter,  and  nicely  graduated  on  their  circumferences  to  either  end  of  the  ordin- 
ary axle  of  pinion-movement  of  the  focussing  tube,  taking  care  also  to  turn  the 
said  pinion  at  the  last  moment  in  the  direction  of  increasing  the  readings  and  not- 
ing: what  the}'  were.    This  record  method  of  focussing,  too,  it  is  believed,  is  one 


which  will  be  found  of  very  j^enerat  applictitioti,  and  mach  used  ever)*  cooing 
year,  now  that  photography  is  conttduolly  suhstituting  more  and  more  tbc  ob' 
server's  eye  and  hand^  with  almost  all  kinds  of  optical  notation  of  lainisioa* 
phenomena. 

(2).  Improved  magnifying  means  were  next  required  for  the  viewinj;,  Attd 
ujually  photographings  telescope.  The  chief  feature  necessary  here  was  a  1  urge 
field  with  the  increased  magnifying  power,  and  was  given  to  a  considerafde  ei* 
lent  hy  a  grund  BnHow  achromatic  concave  leas  placed  inside  tbc  usual  telciicoiie 
tube,  by  Messrs*  T,  Cooke  &  Sons,  of  York. 

For  mere  magnifving,  however,  wherever  tlie  part  of  the  s|xctrtmi  under  ci* 
amination  permits  it  without  other  addition,  I  have  since  then  fully  made  up  my 
mind  that  the  second  order  of  Professor  Rowland's  later  and  unprecedexitjy  fine 
Gratings  from  his  new  ruling  engine,  give  sharper  mngnifying  to  the  sjiectrimi 
than  any  lens  I  have  ex |K'n men te<l  with. 

But  they  give  it  in  a  different  way — /,  e  »  the  second  orders  of  Grating's  spec. 
tra  do;  tor  they  magnify  only  in  one  direction — that  of  separation — while  a  kos 
magnifies  in  a  direction  at  right  angles  to  that  also.  That  feature  is  no  doubt  so 
much  the  worse  lor  the  lens,  because  it  weakens  the  intensity  of  a  conttnitoos 
S]X*ctnjm  operated  upon  by  it.  Burt  then  there  is  another  feature  which  is  bjid  for 
the  second,  or  any  suhsequcutly  still  more  magnified  spectrum -order  of  a  Grating 
—  vii,,  that  they  admit  the  red  light  of  a  previous  order  in  the  middle  of  ibdr  own 
violet;  unless  some  possibly  very  absorptive  Itqnid  be  employed  to  stop  such  rtd 
light  where  it  is  not  wonted. 

Now  Messrs.  Cooke*8  Barlow  concave  lens  wants  no  help  of  lluit  kind,  for  it 
was  constructed  to  magnify  the  first  order  of  s}>ect rum  only,  and  that  has  no  red 
light  of  any  other  order  intruding  into  its  own  ultra-violet,  or  requiring  some 
chemical  liquid  to  dull  its  potency.  Hence  I  have  actually  found  that  I  ha%T  been 
able  to  carry  Messrs,  Cooke's  lenticular  magnifying  of  the  first  order  of  a  GrttV 
ing's  spectrum  four  plates  further  into  the  invisible  than  I  was  oble  to  do  with 
the  second  order  of  the  very  same  Grating's  spectra,  assisted  in  various  chromatic 
modes.  As  an  illustration  of  which  I  beg  to  append  a  list  of  spectrum  photo- 
graphs so  obtained  last  autumn* 

(3).    Lastly,  my  attention  was  kindly  and  earnestly  directed  by   Profcjw>r 
Livcing  to  keep  on  the  look*out  for  possible  changes  in  some  part  or  parts  of  ilit  1 
solar  spectrum,  de|^>ending  on  time  and  date  only,  esjiecially  3f  their  origin  should 
appear  to  Ik  in  the  Sun. 

Now  it  did  so  happen  one  morning  that  one  of  the  glass  negatives  of  tbe  H 
and  K  region  of  the  solar  spectrum  did  show  a  very  strange  and  anomuloas  dif* 
fcrence  from  all  the  others,  so  different  indeed  that  my  first  impression  wjis  to 
throw  it  away  as  irretrievably  spoilt  by  some  accident.  But  on  considrring 
what  snch  an  accident  could  be,  or  how  it  could  be  reproduced  if  desired,  I 
still  more  confounded  and  nonplussed.  Having,  moreover.  Processor  I 
letter  still  licfore  me,  the  most  respectful  course  seemed  to  be,  on  atcoiid  ti 
to  descrilje  publicly  how  the  anomaly  brought  itself  forward  so  fur  as  I  kwtw,  , 
und  to  leave  gentlemen  with  more  experience  than  myself  to  form  their  c>%ni  ] 
upinions,  cither  for  or  against  its  being  anything  important, 

Kow  the  main  point  of  the  anomaly  is,  that  the  wliolc  space  bctw<:fn  H  atid^ 
K  is  bright,  whilst  that  ontsidc  them  is  tlark,  even  very  dark.    T 
which  feature  thoroughly  and  in  the  terms  worked  in  by  Nature,  it  w..    .,,_^^.^^..  » 
that  there  should  be  several  plates  employed,  and  each  of  them  should  show,  not 
only  the  whole  space  between  those  giant  lines  or  bands,  but  «l  leaif  us  modij 
more  on  either  side* 
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Moreover,  a  good  definition  does  not  continue  to  bold  all  along  even  so  snial 
a  plate  of  glass  as  a  quarter  size,  but  bas  to  be  set  and  reset  several  times  in  its 
course,  wbile  tbe  appearance  of  tbe  lines  alters  almost  radically  on  account  of  tbe 
mere  curvature  of  the  field.  I  enclose  in  an  album  case,  in  tbe  first  place,  thirteen 
ordinary  photographs  of  the  H  and  K  lines,  taken  at  successive  foci  a\\ 
across  tbe  field,  and  then  three  various  impressions  from  one  and  the  same  anom- 
alous photograph,  No.  14-;  following  that  by  Nos.  15  and  16,  ordinary,  but  fo- 
cussed  to  the  right,  views :  the  whole  eighteen  now  exhibited  being  enlarged  on 
paper  to  six  times  the  size  of  the  glasses,  for  convenience  of  examination.  And 
I  should,  perhaps,  duly  forewarn  all  and  sundry  that  '*date"  plays  no  part  in  the 
arrangement  of  this  bundle  of  repetitions  of  the  H  and  K  lines— only  the  con- 
tinual progress  from  left  to  right  of  the  place  of  sharpest  definition. 


Occultation  of  Mars,  Sept.  3,  1892.— The  occultntion  of  Mars  on  Sept.  3  was 
observed  at  Allegheny  with  the  13-inch  refractor,  which  I  had  employed  earlier 
in  the  evening  in  making  drawings  of  the  markings  on  the  planet.  Times  were 
recorded  on  a  chronograph  by  a  Frodsham  sidereal  clock.  At  the  first  contact 
tbe  limb  of  Mars  was  undulating  considerably,  and  the  observation  was  there- 
fore somewhat  uncertain.  Reduced  to  Eastern  Standard  Time  the  observations 
areas  follows: 

First  contact 13»»    21«»    24M 

Estimated  bisection  of  disc 13      21      47.9 

Second  contact 13      22      16  .8 

At  emersion  the  Moon  was  too  low  for  observation.  j.  B.  keeler. 
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PLANET  NOTES  FOR  DECEMBER. 


H.  C.  VVILSOM. 

Mercury  will  be  at  inferior  conjunction  with  the  Sun  Dec.  11  at  10**  4^"*  a.  m. 
The  planet  will  then  be  nearly  2^  north  of  the  Sun*s  center.  On  the  last  day  o  f 
December,  Mercury  will  be  at  greatest  elongation,  about  23°  west  from  the  Sun, 
and  will  be  visible  to  the  naked  eye  in  the  morning. 

Venos  is  still  "morning  star*'  and  will  be  visible  in  the  east  in  the  morning 
daring  December. 

Mars  will  be  at  quadrature,  90°  east  from  the  Sun,  Dec.  9.  He  will  be  in 
good  position  for  observation  early  each  evening  during  the  month.  His  ap- 
parent diameter  decreases  from  10"  Dec.  1  to  8"  Dec.  31. 

Jupiter  is  at  his  best  now,  crossing  the  meridian  at  a  high  altitude  a  little 
after  10  p.  m.  During  December  he  will  be  in  excellent  position  for  early  evening 
observations.  There  are  three  ver>'  conspicuous  belts  this  season  and  large  tele- 
scopes show  as  many  more.  The  great  red  spot  still  retains  its  outline  of  an  el- 
lipse with  each  end  drawn  out  to  a  point.  The  central  part  is  covered  with  a 
white  doad  so  that  it  is  not  quite  as  conspicuous  as  during  last  year.  It  is  re- 
ported that  Mr.  Reed.  Professor  Y<jung's  assistant  at  Princeton,  has  been  able  to 
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04  A.  M. 

Ill 

Ec.  Re. 

2    12 

44  a.m. 

I 

Ec.  Re. 

10 

17  P.  M. 

I 

Tr.  In. 

6 

35  p.  M. 

I 

Tr.  In. 

11 

34 

•( 

I 

Sh.  In. 

7 

44     •• 

I 

Sh.  In. 

17 

12 

31  A.  M. 

I 

Tr.  Eg. 
Oc.  Dis. 

8 

49     " 

I 

Tr.  Eg. 

7 

36  P.  M. 

I 

9 

54     " 

II 

Tr.  In. 

11 

04 

(( 

I 

Ec.  Re. 

9 

57      " 

1 

Sh.  Eg. 

18 

4 

45 

(t 

I 

Tr.  In. 

3    12 

10  a.m. 

II 

Sh. In. 

6 

03 

<i 

I 

Sh.  In. 

12 

26     •* 

II 

Tr.  Eg. 

6 

59 

i( 

I 

Tr.  Eg. 

7 

13  p.  M. 

1 

Ec.  Re. 

8 

16 

it 

I 

Sh.  Eg. 
Oc.  bis. 

4      4 

11     " 

II 

Oc.  Dis 

9 

06 

« 

II 

4 

25    " 

I 

Sh.  Eg. 

19 

5 

33 

t( 

I 

Ec.  Re. 

8 

55    ** 

11 

Ec.  Re. 

20 

6 

43 

tt 

II 

Tr.  Eg. 

11 

21    " 

III 

Tr.  In. 

6 

46 

« 

II 

Sh.  In. 

8      6 

08    *• 

III 

Ec.  Dis. 

9 

14 

(f 

II 

Sh.  Eg. 
Oc.  Dis. 

8 

03    " 

III 

Ec.  Re. 

22 

8 

38 

(( 

III 

11 

16    " 

I 

Oc.  Dis. 

11 

05 

tt 

III 

Oc.  Re. 

9      8 

26    •• 

I 

Tr.  In. 

24 

9 

30 

it 

I 

Oc.  Dis. 

9 

39    " 

I 

Sh.  In. 

25 

6 

38 

(< 

I 

Tr.  In. 

10 

40    " 

I 

Tr.  Eg. 

7 

58 

•< 

I 

Sh. In. 

11 

52    " 

I 

Sh.Eg. 

8 

52 

tt 

I 

Tr.  Eg. 

10    12 

22  A.  M. 

II 

Tr.  In. 

10 

11 

tt 

I 

Sh.  Eg. 

5 

44  p.m. 

I 

Oc.  Dis. 

11 

38 

(« 

II 

Oc.  Dis. 

9 

08    " 

I 

Ec.  Re. 

26 

6 

20 

«4 

III 

Sh.  Eg. 

11      5 

07    " 

I 

Tr.  Eg. 

7 

29 

tt 

I 

Ec.Rc. 

6 

21    " 

I 

Sh.  Eg. 

27 

4 

40 

tt 

I 

Sh.  Eg. 

6 

37    " 

II 

Oc.  Dis. 

6 

43 

tt 

II 

Tr.  In. 

11 

31    " 

II 

Ec.  Re. 

9 

17 

tt 

II 

Tr.  Eg. 

13      6 

37    " 

II 

Sh.  Eg. 

9 

25 

tt 

II 

Sh.  In. 

15      4 

48    •' 

III 

Oc.  Dis. 

11 

53 

t( 

II 

Sh.  Eg. 

7 

13    •* 

III 

Oc.  Re. 

29 

6 

02 

•  1 

II 

Ec.Rc. 

10 

11    *• 

III 

Ec.  Dis. 

Approximate  Central  Times  when  the  Great  Red  Spot  will  pass  the  Center  of 

Jupiter's  Disk. 


Dec. 


h 
4 

2 

10 

6 


m 

40  P.  M. 
36  A.  M. 
28  P.  M. 
19  ** 
12  06  a.m. 
7  58  p.m. 
45  A.  m. 
36  p.  M. 
32  A.  M. 
28  p.  M. 
15  " 
06  " 


1 
9 
7 
5 
11 
7 


Dec.  12 
12 
13 
13 
14 
15 
17 
17 
19 
19 
20 
20 


h 

12 
8 
6 
4 
10 
6 


54  A.  M. 

45  P.  M. 

41  A.  M. 

36  P.  M. 

24  " 

15  •' 
12  02  a.m. 
7  54  p.  M. 
1  41  A.  M. 
9  33  p.m. 
7  28  a.m. 
5  24  p.  m. 


Dec.  21 
22 
24 
24 
25 
25 
26 
27 


h  m 

11  12  p.m. 

7  03  ": 

12  50  a.m. 

8  42  p.m. 
6  38  a.m. 
4  33  p.m. 

10  21  " 

_.   6  12  " 

28  12  OOmidn. 

29  7  51p.m. 
31  1  38  a.m. 
31   9  30  p.m. 
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Configuration  of  Jupiter's  Satellites  at  S^  p.  m.  Central  Time. 


Dec. 


Dec. 


1  4x032 

2  2f  4  O  2  3 

3  42013 

4  41023 

5  3  4  O    I  2 

6  31240 

7  32014 

8  10324 

9  0123 
10  20134 


Minima 
U  CEPHEI. 

R.  A 0»»  52«  32» 

Decl +  81**  17' 

Period 2c/ll»»50«» 

Dec.    2       3  A.  M. 
7       3'* 

12  3  *' 
17  2  *• 
22        2    ** 

27  2    '* 

ALGOL. 

R.  A 3»»01»01» 

Decl +  40°  32' 

Period 2d  20»»  49" 

Dec.     8       4  A.  M. 
11        1    " 

13  9  p.m. 

16  6  " 
19  3    " 

28  5  A.  M. 
31  2     * 

A  TAURI. 

R.  A 3^  54™  35' 

Decl +  12°  11' 

Period 3d  22»»  52" 

Dec.     2       1  A.  M. 
5       midu. 
9      11  p.  M. 
13     10    ** 

17  8  " 
21  7  " 
25        6    " 

29  5    «* 

R  CANTS  MAJORIS. 

R.  A 7*'  14"  30- 

Decl —16°  11' 

Period lc/03»»16" 

Dec.     4       8  p.  M. 


11  I   O  3  4  • 

12  30124 

13  31204 

14  32041 

15  40123 

16  41203 

17  4  2   O  3   • 

18  41203 

19  43012 

20  43120 


Dec. 

21  43201 

22  41029 

23  04123 

24  21043 

25  2X   2   O   3  4 

26  31024 

27  2X   3   I    O  4 

28  32014 

29  13024 

30  01234 

31  21043 


of  Variable  Stars  of  the  Algol  Type. 

R.  CANIS  MAJ..  CONT.  S.  ANTLI^,  Cont. 


Dec.    5 

11  p.  M. 

Dec, 

12 

11  P.  M. 

7 

2  A.  M. 

13 

5  a.m. 

8 

5    " 

14 

5    " 

12 

6  P.  M. 

15 

4  a.m. 

13 

9    " 

16 

4    ** 

14 

midn. 

17 

3    •' 

16 

4  a.m. 

18 

2    " 

20 

5  p.  M. 

19 

2    *• 

21 

8    •* 

20 

1     " 

22 

midn. 

21 

1     " 

24 

3  a.m. 

21 

midn. 

29 

7  P.  M. 

22 

midn. 

30 

11    '• 

23 
24 

11  P.  m. 
6  a.  m. 

S  CANCRL 

25 

6    " 

26 

5    " 

R.  A 

8»»37"»39' 

27 

5    " 

Decl 

+  19**  26' 

28 

4    " 

Period 

9c/ll»»38« 

29 

3    •' 

Dec.  15 

7  P.  M. 

30 
31 

3    •* 
2    *• 

S  ANTLI^. 

Y  CYGNL 

R.  A 

9^  27"  30» 

Decl 

-28**  09' 

R.  A. 

2(^  47"  40- 

Period 

0c/07»»47" 

Decl. 

4-  34°  15' 

Dec.     1 

6  A.  M. 

Period 

Id  11»»  56- 

2 

6    " 

Dec. 

1 

10  p.  M. 

3 

5    ** 

4 

10    " 

4 

4    '• 

7 

10    *' 

5 

4    »* 

10 

10    '* 

6 

3    " 

13 

10    " 

7 

2    " 

16 

10    " 

8 

2    " 

19 

10    " 

9 

1    " 

22 

10   *• 

10 

1     " 

25 

10    " 

10 

midn. 

28 

9    " 

11 

11  p.  M. 

31 

9    ** 

A  Total  Eclipse  of  the  Moon,  Not.  4, 1892.— This  will  be  invisible  in  the  United 
States.  The  beginning  is  visible  generally  in  the  northwest  part  of  North 
America,  the  Pacific  Ocean,  Asia,  and  the  easteriy  portions  of  Europe.  The  end 
is  visible  in  the  northwest  Pacific  Ocean,  Australia,  Asia,  Europe  (except  England 
and  Spain)  and  the  east  portions  of  Africa.  It  begins  at  7^  lO"^  a.  m.  and  ends 
at  12^  20"  p.  M.  central  standard  time. 
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New  Comet  DiscoTered  by  Photography,  (e  xSga,  Barnard  Oct.  xa).— A  very  faint 
comet  was  discoTered  photo^^apbically  by  Barnard,  Oct.  12.  Oct.  13.638  it  was 
observed  in  R.  A.  IS*'  53»  56';  Decl.  +  12°  53'.  Daily  motion  +  6»  44-;  —  37\ 
Tbe  following  elements  and  epbemeris  by  Mr.  Campbell  were  received  by  telegram 
Oct.  20. 

Elements  of  Comet  e  1892, 


T  =  Aug.  26.14, 1892  Gr.  M.  T. 

00  =114°  02'! 

U  =184    13  }  1892.0 

1  =    43    07  J 
q  =1.9904 


Epbemeris 

Or.  Midn. 

R.  A. 

Decl. 

h        m       8 

o 

» 

Oct.  18 

19    44    36 

+  10 

42 

22 

19    53    32 

9 

17 

26 

20    02    28 

7 

56 

30 

20    11     24 

+    6 

41 

Light 
0.85 

0.69 

The  comet  was  observed  at  Goodsell  Observatory,  Oct.  20  and  found  very 
near  the  epbemeris  place.  It  is  very  faint,  barely  visible  in  the  five-inch  finder,  but 
easily  observed  with  the  16-inch.  It  is  in  the  constellation  Delphinus,  the  Dolphin, 
and  moving  southeast. 


Five  Comets  Now  Visible.— On  the  same  night,  Oct.  20,  we  looked  up  the  other 
four  comets  which  are  now  visible.  Swift's  is  in  the  constellation  Andromeda,  be^ 
tween  the  head  and  right  hand,  moving  slowly  southward.  It  is  yet  visible  in  a 
five-inch  and  will  continue  to  be  within  reach  of  large  telescopes  for  some  time 
yet.  Winnecke's  comet  is  in  Cetus  a  few  degrees  southeast  of  the  star  P  and 
is  moving  slowly  northward.  It  is  not  visible  in  small  telescopes  and  is  rather 
difficult  to  observe  with  a  16-inch.  Denning's  comet  is  still  fainter  than  Win- 
necke*s.  It  will,  during  November,  traverse  the  lower  left  comer  of  the  constella- 
tion Orion.  Brook's  comet  (c/ 1892 )  is  the  brightest  of  the  five  now  visible.  It  is 
an  easy  object  with  a  small  telescope  and  will  perhaps  be  visible  to  the  naked  eye. 
It  is  now  in  the  fore  paws  of  Leo,  the  Lion,  and  moving  southeast. 


Hew  Elements  of  Comet  c/  189a  (Brooks.)— The  following  elements  and 
epbemeris  were  computed  by  Mr.  A.  G.  Sivaslian,  student  at  Goodsell  Observa- 
tory, firom  observations  at  Northfield,  Sept.  4  and  Sept.  28,  and  one  at  Copen- 
hagen $ept.  16. 

T    =  Dec.  28.04941,  1892,  Gr.  M.  T. 
w    =  253°    04'    42".01 
V    =  264      27     49  .9}  1892.0 
I     =    24      51      46   .3) 
log  q     =  9.986592        q  =  0.96960 

The  representation  of  the  middle  place,  dX  cos  y5  =  +  1.8";  c/y5  =  — 8,0'% 
shows  that  the  orbit  is  verj'  nearly  parabolic. 
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Sphemerit  of  Comet  d  1892  (Brooke). 

Gr.  M.  T. 

App.  R.  A. 

App.  Decl. 

\oglJ 

logr 

Br. 

b 

m 

• 

0 

•■ 

Nov.    45 

9 

29 

15.9 

+  ! 

57 

15 

0.0191 

0.1230 

12^ 

l'5 

33 

21.4 

8 

09 

25 

6.5 

37 

29.2 

7 

20 

30 

2-5 

41 

39.5 

6 

30 

32 

8.5 

45 

52.3 

5 

39 

35 

9.9998 

0.1086 

H.7 

9.5 

50 

07.7 

4 

47 

26 

10.5 

51 

25.5 

3 

54 

22 

11.5 

9 

58 

45-9 

3 

00 

20 

12.5 

10 

03 

08.9 

2 

05 

20 

9.9826 

0.0943 

17.0 

«3.5 

07 

34.5 

I 

09 

26 

H'S 

12 

02.7 

+  0 

12 

41 

155 

16 

33-5 

—  0 

44 

54 

16.5 

21 

06.9 

1 

43 

14 

9.9678 

0.0801 

»9.5 

*Z-5 

25 

430 

2 

42 

16 

18.5 

30 

21.8 

3 

41 

56 

>9.5 

35 

03.2 

4 

42 

11 

20.5 

39 

47.3 

5 

42 

55 

9.9560 

0.0661 

21.9 

21.5 

44 

34. « 

6 

44 

05 

22.5 

49 

23.6 

7 

45 

35 

23.5 

54 

15.7 

8 

47 

20 

24.5 

10 

59 

10.5 

9 

49 

16 

9.9475 

0.0526 

24.3 

25.5 

II 

04 

07.9 

10 

5' 

17 

26.5 

09 

08.0 

II 

53 

'7 

^Z'5 

14 

10.8 

12 

55 

u 

28.5 

19 

16.2 

»3 

56 

53 

9.9427 

0.0397 

26.3 

29.5 

24 

24.1 

«4 

58 

18 

30.5 

29 

34.5 

15 

59 

.20 

Dec.     1.5 

34 

47.5 

16 

59 

53 

2.5 

40 

02.9 

'2 

59 

52 

9.9416 

0.0277 

28.0 

3-5 

45 

20.7 

18 

59 

»3 

4.5 

5° 

40.9 

19 

57 

48 

1-5 

11 

56 

27.8 

20 

55 

11 

6.5 

12 

01 

21 

5? 

9.9440 

0.0167 

29.1 

2-5 

06 

54.4 

22 

48 

22 

8.5 

12 

23.0 

23 

43 

'3 

9.5 

17 

53.6 

24 

36 

58 

10.5 

23 

26.0 

^1 

29 

32 

9.9496 

0.0071 

29.6 

U.5 

29 

00.0 

26 

20 

53 

12.5 

34 

35.6 

27 

10 

56 

ns 

40 

12.6 

27 

59 

40 

14.5 

12 

45 

51.0 

-28 

47 

02 

9.9580 

9.9991 

29.6 

SphemeriB  of  Comet  a  1892  (Swift.) 

[Computed  by  Oeo.  A.  Law,  atudent  in  GoodMll  Obtcrvatory.  from  elements  by  Miss  Gcr- 
tmde  Wentworth,  Aatr.  Jour.  No.  273]. 


Gr.  M.  T. 

App.  R.  A. 
h      m        tt 

App.  Decl. 

lev.     55 

23 

44 

09.8 

+  37     14.3 

6.5 

44 

6.7 

36    57-7 

2*5 

44 

5» 

36    41.3 

8.5 

44 

4.9 

36    25.1 

9.5 

44 

6.1 

36    09.1 

10.5 

44 

8.7 

35    53.2 

11.5 

44 

12.7 

35    37-5 

12.5 

44 

18.6 

35    22.0 

13.5 

44 

24.8 

35    06.7 

«4.5 

44 

32.8 

34    5'.6 

15.5 

44 

42.1 

34    36.6 

16.5 

44 

52.7 

34    22.0 

\og,r 
0.5060 


log.  J 
0.3859 


Br. 

.027 


0.5 12 1        0.3980        .025 


0.5180 


0.4104 


.023 
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Gr.  M.  T. 

App.  R.  A. 
h      m        8 

Apj). 

Decl. 

* 

log.  r        log.  J 

Br. 

Nov.    17.5 

23     45       4.6 

+  34 

07.2 

0.5238        0.4231 

.021 

18.5 

45     '77 

33 

52.8 

19.5 

45     32.0 

33 

48.7 

20.5 

45     47.5 

33 

34.8 

21.5 

46    04.1 

33 

II. I 

0.5295        0.4359 

.019 

22.5 

46    21.9 

32 

57.6 

235 

46    40.7 

32 

34.3 

M-S 

47    00.6 

32 

2'.3 

255 

47     21.6 

32 

18.4 

0.5351        0.4488 

.018 

26.5 

47    43.7 

32 

05.8 

27.5 

48    06.8 

3' 

53-4 

28.5 

48     30.9 

3' 

41.2 

29.5 

48     55.9 

3' 

293 

0.5406        0.4610 

.016 

305 

49     21.9 

3' 

17.6 

Dec.      1.5 

49    48.8 

3' 

06.1 

2.5 

50     16.6 

30 

54.8 

3.5 

50    45.4 

30 

43.8 

0.5461        0.4747 

.015 

4.5 

51     15.1 

30 

330 

5-5 

5'     45-5 

30 

22.4 

6.5 

52     16.8 

30 

12. 1 

7-5 

52    48.8 

30 

01.8 

0.5514        0.4877 

.014 

8.5 

53    21.6 

29 

51.8 

9.5 

53    55.2 

29 

42.2 

10.5 

54    29.6 

29 

32.8 

11.5 

55    04.5 

29 

235 

0.5567        0.5005 

013 

12.5 

55    40.1 

29 

'43 

'3-5 

56     16.4 

29 

05.4 

'45 

'       56    53-4 

28 

56.7 

«5-5 

23    57    310 

+  28 

48.1 

0.5619        0.5132 

.012 

Sphemeris  of  Comet  1892     (Winnecke). 

(Prom  Aatr.  Sach.  No.  3112). 

Berlin  Midn. 

App.  R.  A. 

App.  Decl. 

log  r         ] 

log  ^          Bv 

h      m          • 

- 

/        /» 

1892  Nov.  16 

o    49     '7-7 

-  »9 

19     17 

• 

n 

49     20.5 

'9 

03     26 

0.3101        0. 

1 196        0.138 

18 

49     25.2 

18 

47     37 

19 

49     3'-5 

18 

3'     5' 

20 

49     39-5 

18 

16    08 

21 

49     49-2 

18 

00    28 

0.3180        0. 

1426        0.120 

22 

50     00.4 

'7 

44     5' 

23 

50     13.2 

'7 

29     »7 

24 

50     27.6 

«7 

13     46 

25 

50     434 

16 

58     «9 

0.3258        0. 

165 1        0.104 

26 

51     00.7 

16 

42     55 

27 

51      19.4 

16 

27     34 

28 

5'     39-5      . 

if. 

12     18 

29 

52     oi.o 

'5 

57    05 

0-3333        0. 

1870        0.691 

30 

52     23.7 

'5 

41     S^> 

Dec.      1 

52     47-7 

»5 

26    52 

2 

53     '2.9 

'5 

II     51 

3 

53    39.3 

'4 

56     54 

0.3407        0.2083        0.080 

4 

54    06.9 

14 

42     01 

5 

54    35-7 

'4 

27     12 

6 

55    055 

'4 

12     28 

7 

55     365 

'3 

57    47 

0.3479        0. 

2290        0.071 

8 

56    08.6 

'3 

43     'o 

9 

56    41.6 

i3 

28     38 

10 

57     '5-8 

'3 

14     10 

11 

57     50.9 

12 

59    45 

0.3549        0. 

2492        0.0621 

12 

0    58    27.0 

-  12 

45     25 

838 
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Dec, 


log  r         log  d         Br. 


0.3618        0.2687        0-055 


0.3684        0.2876        0.049 


0.3750        0.3059        0.044 


0.3814        0.3236        0.039 


0.3876        0.3408        0.035 


New  Minor  Planets.— Seven  planetoids  have  been  discovered  since  Sept.  1.  All 
were  discovered  by  means  of  photography,  two  being  found  on  the  same  plate  in 
two  instances.    The  following  are  the  dates  and  positions  of  discovery: 
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The  designation  B,  C,  D,  etc.,  is  given  temporarily.  At  the  end  of  the  year 
those  which  have  not  been  identified  with  asteroids  already  known,  and  whose 
orbits  are  well  determined  will  receive  permanent  numbers  as  heretofore.  1892 
B  is  found  to  be  identical  with  (163)  Erigone.  1892  D  was  found  on  the  same 
plate  with  (137)  Melibcca  and  hence  is  not  identical  with  it.  G  and  H  were  found 
on  the  same  plate  with  (34)  Circe  and  (184)  Dejopeja  and  are  probabl3''  new. 


The  Partial  Eclipse  of  the  San,  Oct.  20.— Clouds  prevented  observations  of 
much  value  at  Northfield.  Both  contacts  wore  partially  obscured.  The  first 
glimpse  of  the  Moon's  image  notching  the  solar  disk  was  caught  by  Miss  C.  R. 
Willard,  observing  with  a  4-inch  refractor  by  projection,  at  10^  41™  36*  central 
standard  time.  Professor  Payne  observing  with  the  same  instrument,  thongbt 
he  saw  the  notch  20"  earlier,  but  it  was  immediately  covered  by  a  cloud  so  that 
he  was  uncertain.  Professor  Wilson  using  the  5-inch  finder  saw  the  notch  at 
IQh  42«n  20'  and  estimated  contact  to  have  occurred  about  5*  earlier.  The  clouds 
were  so  dense  all  the  morning  that  we  did  not  have  time  to  adjust  the  helioscope 
on  the  16-inch  and  so  decided  to  use  Ihe  finder. 

Last  contact  was  also  very  cloudy ;  the  last  glimpse  of  the  black  notch  was 
seen  by  Professor  Wilson,  using  the  16-inch  telescope  and  helioscope,  at  1*»  25"" 
22'  central  standard  time.  This  was  estimated  to  be  about  5'  early.  Three  pho- 
tographs of  the  eclipse  were  taken  Ijetween  clouds. 
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Obserrations  of  the  Eclipse  at  Providence,  R.  I.— The  partial  solar  eclipse  was 
observed  here  at  our  Observatory  yesterday  under  favorable  conditions.  The 
sky  was  nearly  clear  from  first  to  last  contact.  The  first  contact  occurred  at 
0^  07"  28.5'  eastern  standard  time,  and  the  last  contact  at  3^  08™  08.0'.  Profes- 
sor Johnson  observed  with  a  three-inch  telescope  stationed  in  the  open  air,  and  I 
observed  with  a  four-inch  telescope.  frank  e.  seagrave. 

Providence,  Oct.  21,  1892. 


The  Eclipse  at  Alta,  Iowa.— The  partial  eclipse  of  the  Sun  was  quite  satisfac- 
torily observed  here  on  20th  inst.  Heavy  clouds  covered  the  sky  from  early 
morning  until  about  10  a.  m.,  when  they  suddenly  broke  away  and  only  five 
minutes  before  the  computed  time  of  first  contact  the  sky  in  the  vicinity  of  the  Sun 
was  clear.  First  contact  was  noted  at  10*»  23™  10*  Alta  mean  time.  Light  haze 
now  covered  the  sky  for  alx)ut  an  hour,  but  at  time  of  ending  of  eclipse  the  sky  was 
cloudless.  Last  contact  occurred  at  1*»  1"  10",  Alta  M.  T.  The  observed  times 
differ  from  my  computed  results  by  1"*  20*  earlier  and  1™  16'  later  for  beginning 
and  ending  respectively,  due  I  suppose  to  only  approximate  latitude  and  longitude 
of  the  station.  Time  was  compared  with  fine  regulator  and  noon  signals  at  R.  R. 
station.    Telescope  used,  3-inch  Jena  glass,  full  aperture  employed. 

DAVID  E.   HADDEN. 

Alta,  la..  Lat.  +  42^  40';  Long.  95°  15'  W.  from  Greenwich. 


The  Eclipse  at  Wilmington,  N.  C— Mr.  E.  S.  Martin  writes  that  he  observed 
the  eclipse,  under  verj'  favorable  atmospheric  conditions,  with  a  5-inch  Clark  re- 
fractor. He  caught  the  first  glimpse  of  the  Moon  at  1 2*»  08™,  eastern  standard 
time,  a  little  after  first  contact.  At  1*»  24™  the  limb  of  the  Moon  occulted  a  con- 
spicuous spot  near  the  center  of  the  Sun's  disc.  This  spot  reappeared  at  2^  30™ 
p.  jd.    Last  contact  was  not  observed. 


The  Eclipse  at  Baltimore,  Md.— I  observed  the  partial  eclipse  as  follows,  us- 
ing chronometer  and  chronograph : 

Position  An^Ie 
75  Meridian  Time.        from  north  point, 
h        m        i.  ° 

First  Contact 12    05    12  21  west 

Last  Contact 3    05    45  105  east 

|.   STAHR. 
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New  Director  of  the  Paris  Observatory .—M.  F.  Tisserand  has  been  elected  Di- 
rector of  the  Oliservatory  of  Paris,  in  place  of  the  late  Admiral  Mouchez.  The 
election,  in  accordance  with  rules  recently  adopted  by  the  Academy  of  Sciences 
and  the  Council  of  the  Observatorj',  is  for  five  years. 

M.  Tisserand  is  an  eminent  astronomer  and  mathematician,  having  published 
many  memoirs  in  the  scientific  journals,  which  indicate  his  ability  in  scientific  re- 
search. He  is  spoken  of  by  the  French  papers  as  the  real  successor  of  Le  Verrier. 
He  is  47  years  of  age,  has  held  several  p<jsitions  of  responsibility  and  honor,  and 
18  well  fitted  to  discharge  the  duties  of  the  important  oflftce  to  which  he  has  been 
called. 


Wote  from  Profeasor  Keeler. — As  my  name  has  l>cen  mentioacd  in  various  arti- 
cles commetiting  on  recent  changes  in  the  Lick  Ol^scrvatory  staff.  I  desire  to  say 
that  I  resigncil  more  than  a  year  ag:o  for  private  reasons  which  were  in  no  way 
connected  with  the  administration  of  observatory  affairs,  and  that  I  left  Moant 
Hamilton  with  the  good  will  of  the  regents  and  on  the  best  of  terms  with  the 
Director  and  al!  my  associates,  |ame>  e.  keeler. 

Allegheny  Ohservator>*.  Sept,  24, 1892. 


Letter  from  Professor  Young,— I  have  the  pleasure  of  reporting  thai  my  umsiB^ 
tunt.  Mr.  Reed,  has  succeeded  in  tintling  and  observing  the  new  satellite  of  Jupttcr 
with  the  23-iiich  equatorial  of  the  Halsted  Observatory.  It  had  been  Imikcd  for 
on  everj^  opportunity  for  the  last  three  weeks,  but  un successful ly  until  Oct.  luth. 
During  the  earlier  portion  of  the  time,  when  the  elongations  occurred  l>etween 
2  and  3  a.  m.»  we  were  baffled  by  fogs  which  repeatedly  gathered  about  that 
time;and  later  we  were  misled  by  bringing  forward  the  time  of  clongntioa  wiili 
the  erroneous  period  of  11*>  30''\  On  Oct.  10th  the  Western  Elongaiinri  should 
have  been  occurring,  (reckoning  on  this  basts)  at  the  time,  12:4-0  \.  u..  Easieni 
Standard,  when  the  aatellttc  was  acttially  found  at  the  Bastern  one. 

The  night  of  Oct.  10th  was  venk*  fine,  and  Mr.  Reed  reports  tlie  satellitr  nB 
eas//r  seen,— certainly  less  difficult  than  Ariel.  The  elongation  oo^urred  at  12:4-0 
as  nearly  as  he  could  estimate,  but  the  error  of  csritnatiou  might  l>e  as  rtiucH  Jis 
10  minutes. 

Two  micrometer  measures,  whit  h  he  obtained  with  much  drtBcnlty,  jit  1(19 
and  1:41>  a,  m.,  gave  the  distance  of  the  satellite  from  the  planeCs  crtitrc  us  6I'^H 
and  50", t»  rcsjx^ctivcly. 

On  the  lltb  the  satellite  was  seen  ngain«  and  was  judged  to  pasi  Hs  rUltii^ii- 
lion  at  12:30  x.  m.  The  air  was  not  sa  dear  as  on  the  loth,  and  no  micromrUr 
men.surcs  could  Ix^  made. 

I  have  not  been  alile  to  jiarticipate  in  the  ijbser\"ation»  myself,  oa  ncwucmt  wf 
an  attack  of  rhetiniattsm 

A  comparison  4>f  these  two  elongation-times  wilh  ^Ir,  Barnard's  early  ol 
vations*  given  in  tht-  Astronomical  Journaf,  and  with  another  made  on  Sept.  23i 
and  kindly  communicated  to  me  in  a  letter,  gives  the  jK-rio<|ic  lime  11*  57^.0, 
which  1  think  must  Ix^  correct  within  !<»•  or  so.  In  the  lompulation  ibe  corrcc, 
tion5  for  the  planet's  change  of  long^itudc  and  distance  during  the  interrnl  covmvl 
by  the  obscrvatitnts  were  duly  applied,  and  tbc  oj  rervcd  ihnes  of  elongation 
all  satisfied  without  any  error  as  great  as  four  minutes.  If  as,  I  Uo|je,  wx  arc  m 
to  get  two  or  thrve  more  detcrmtiiations  of  the  time  of  elongation  soon  ihe  prob'' 
able  crriir  of  the  ]H"riod  can  easily  Ik-  brought  down  to  a  single  second. 

.Assuming  the  mass  uf  Jtiptter  as  one,  one  thousand  forty  eighth  of  t' 
its  mean  distance  as  4S3.300.000  miles,  nnd  its  period  43,326  da>T*,  a»'i  - 

the  |x*riod  of  the  satellite  at  11*"  57'". 0,  we  fiml  its  distanre  from  the  cctitir  (»l  tlic 

[ilanct  to  be  1 12.500  miles,  using  the  formula  r*  =  ~s, 

ffi  f* 

I  may  adtl  that  Mr,  Reed  considers  the  satellite  bright  enough  to  Ix-  nccn  (on- 
dcr  favorable  conditions  of  course)  by  any  tclesco^»c  eiiceedmg  15  or  16  tncbe»  in 
diameter,  bat  1  shouJd  be  disposed  myself  to  doubt  whether  it  coctld  be  revirhrd  br 
any  object-glass  much  under  20  inches, 

Princeton.  N\  J.,  fkt.  13.  1892. 
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An  Aerolite  in  Court.— A  most  interesting  case,  regarding  the  ownership  of  an 
aerolite,  has  just  been  decided  by  the  Supreme  Court  of  Iowa,  in  the  case  of  God- 
dard  v.  Winchell.    The  facts  are  briefly  as  follows: 

On  the*second  day  of  May.  1890,  an  aerolite,  weighing  sixty-six  pounds,  fell 
on  the  land  of  one  Mr.  Goddard,  imbedding  itself  in  the  soil  to  the  depth  of 
about  three  feet.  One  Mr.  Hoagland,  living  on  an  adjoining  farm,  whose  wife 
saw  this  aerolite  fall,  went  upon  the  land  the  next  day,  with  spade  and  pickaxe, 
dug  up  the  aerohte,  and  took  it  to  his  own  house,  claiming  it  to  be  his  own  prop- 
erty, upon  the  ground  that  it  could  belong  to  no  one  else,  except  those  who  first 
found  it  and  took  it  into  their  possession.  A  few  days  later  Mr.  Hoagland  sold 
the  stone  to  Mr.  Winchell,  whereupon  the  owner  of  the  fee  replevied  the  same, 
and  hence  arose  the  issue,  as  to  the  ownership  of  an  aerolite.  The  question, 
plainly  stated,  was  this:  Does  the  stone  belong  to  the  man  who  owns  the  land 
upon  which  it  fell,  or  does  it  belong  to  the  first  fortunate  finder  upon  the  ground 
that  it  formerly  belonged  to  nobody,  and  hence  would  belong,  when  found,  to  the 
first  person  who  should  take  it  into  his  possession  ? 

This  is  the  first  case  of  the  kind  which  has  ever  l>een  carried  to  a  final  de- 
cision, either  in  this  or  any  other  country.  It  is  of  interest  to  the  scientific  world 
in  that  it  decides  squarely  of  whom  the  scientist  must  purchase  these  messengers 
from  abroad.  Similar  cases  have  been  before  the  courts  of  limited  jurisdiction, 
but  never  before  has  one  been  carried  to  the  court  of  last  resort.  The  questions 
placed  l)efore  the  Sujinme  Court  of  Iowa  were  as  follows: 

1.  Does  an  aerf»liie  belonjL:  to  the  owner  of  the  fee,  upon  the  ground  "that 
whatever  is  afifixed  to  t  he  soil  hclonj^js  to  the  soil  ?"  or 

2.  Does  it  lielong  lo  the  first  finder,  upon  the  ground  ''that  the  aerolite  be- 
longs to  the  great  mass  of  unowned  things  and  htnce  becomes  the  property  of 
the  first  finder?" 

If  the  first  ancient  rule  of  law^  is  to  be  applied  in  this  case,  the  stone  must  be 
long  to  the  fee-holder.  If  the  second  principle  is  opplitrd.  then  the  finder  will  be 
the  owner  of  the  aerolite.  The  ({uestion  of  trespass  in  going  onto  the  land  of  an- 
other to  gf t  properly  which  fell  there  w.is  not  raised  in  this  case,  but  the  issue 
came  up  in  the  form  above  stated.  The  case  was  argued  in  the  Supreme  Court  of 
Iowa  by  \V.  E.  Bradford,  of  Britt,  Iowa,  and  by  Hon.  W.  S.  Pattee  of  Minneap- 
olis, the  fr»rmer  ap|*earing  for  the  fee  holder,  and  the  latter  for  .Mr.  Winchell.  who 
purchased  from  the  finder.  The  case  was  very  thoroughly  investigated,  and  elab- 
orate l>  jirgued  upon  both  sides,  and  the  Court  finds  the  following,  which  stands 
as  the  s\llabus  of  the  repf^rted  ease: 

1.  •*  An  aerolite,  weighing^sixty-six  poufids,  which  falls  from  the  sky  and  is 
imbedded  in  the  soil  to  the  depth  of  three  feet,  is  the  property  of  the  owner  of  the 
land  on  which  it  falls,  rather  than  of  the  first  person  who  finds  it  and  digs  it  up. " 

2.  **The  rule  that  the  finder  of  lost  goods  is  entitled  thereto,  except  as 
against  the  true  owner,  is  not  applicable  to  such  case." 

The  main  points  of  the  Court's  argument  may  Ix?  seen  from  the  folh»wing  ex- 
tract Irom  the  Court's  decision  : 

As  conclusions  of  law,  the  district  court  found  that  the  aerolite  became  a  part 
of  the  soil  on  which  it  tell :  that  the  plaintiff  was  the  owner  thereof;  and  that  the 
act  of  Hoagland  in  removing  it  was  wrongful.  It  is  insisted  by  appellant  that 
the  conclusions  of  law  are  erroneous;  that  the  enlightened  demands  of  the  time  in 
which  we  live  call  for,  if  not  a  modification,  a  liberal  construction,  ol  the  ancient 
rule,  "that  whatever  is  affixed  to  the  soil  belongs  to  the  soil,"  or,  the  more  mod- 
em statement  of  the  rule,  "that  a  |)ermanent  annexation  to  the  soil,  of  a  tl  ing  in 
itself  personal,  makes  it  a  part  of  the  realty.  "  In  l>ehalf  of  appellant  is  invoked  a 
rnle  alike  ancient  and  of  undoubted  merit,  "that  of  title  by  occupancy;"  and  we 
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arc  cited  to  the  language  of  Blackstonc,  as  follows:  **Occupmicy  it  the   iakiti 

fiosscssioii  of  those  things  whicli  lictore  Monged  to  nobody;"  mid   *'  v  ' 
movables  are  lonnd  upon  the  surlnte  ulthc  earth,  or  in  the  sea,  and  arc  ■ 
by  nny  owner,  are  supposed  to  be  iibandoncd  by  the  last  proprietor,  nn 
are  returned  tnto  the  common  stock  and  mnss  of  things;  and  thcrctor- 
long,  as  in  a  state  ot  nature,  to  the  first  ocx^ujiant  or  finder"     In  dc 
which  of  those  rnles  is  to  govern  in  this  ciisc,  it  will  Ijc  well  for  us  to  keep  in  lutiiqj 
the  controlling  facts  ;a[iving  rise  to  the  different  rnles,  and  note,  if  at  all.  whc 
the  facts  of  this  case  should  distinguish  it.    The  rule  sougtit  to  l.»c  avoided  hns 
nlone  reference  to  what  becomes  n  part  of  the  soil,   and   hence  Ixlongs  to  ih< 
owner  thereof.  I>ecfl use  attached  or  added  thereto.    It  has  no  reference  %%'h«lcvcT  , 
to  an  independent  ac<|uisition  of  title;  that  is.  lo  an  acQuiKition  of  properly  exi«tJ 
ing  inde|)endent  of  other  property*    The  rule  invoked  has  reference  onlv   t..  r,,., 
crt3'  of  this  independent  character,  for  it  sfteaks  of  movables  "found  upo 
face  of  the  earth  or  in  the  sea/*    The  term  **  movables"  must  not  Ijc  > 
to  mean  that  which  can  be  moved*  for^  if  so.  it  would  include  much  knov^n  lu 
realty;  but  it  means  such  things  as  arc  not  naturally  parts  of  earth  or  s^ii,  bia 
are  on  the  one  or  in  the  other.     Animals  esist  on  the  earth  and  in  the  sea,  bti 
they  are  not,  in  a  proper  sense,  parts  nt  either.     If  we  look  to  the  natural  formd 
tion  of  the  earth  and  sea,  it  is  not   ditHcult  to  understanil   what   is   n 
"movables,"  within  the  spirit  of  the  rule  cited.     To  take  from  the  e;"- 
nature  has  placed  there  in  »ts  formation,  wlulher  at  the  crealion  or  thr  ,.. 
natural  processes  of  the  acquisition  and  depletion  of  its  particubir  partu,  as  w*€ 
witness  it  in  our  daily  observations,  whether  it  be  the  soil  projjer  m  »iome  nnt*^ 
nral  deposit  as  of  mineral  or  vegetable  matter,  is  to  take  a  pari  of  the  cartb,  nnil 
not  movables. 

If,  from  what  we  have  said,  we  have  in  mind  the  facts  giving  rise  to  the  rnTc«{ 
cited,  we  may  well  look  to  the  facts  of  tins  ease  to  properly  distuignish  it.     T^ 
luhject  ol  the  dispute  is  an  aerolite,  of  about  66  pounds  weight,  that  'fell  fnitnj 
Ihe  heavens"  <m  the  land  of  the  plaintitT,  and  was  found  three  feet  liehtw  the  stir* 
fecc.    It  came  to  its  position  in  the  earth  through  natural  causes*     U  was  one  nfl 
nature's  deposits,  with  nothing  in  its  material  composition  to  make  it  loreign  orj 
ttrmalural  to  the  soiL    It  was  nr»t  a  movable  thing  "on  the  earth"     It   was  in] 
the  earth,  and  in  a  very  significant  sense  immovable;  that  is,  it  was  only  movi^hti 
as  parts  of  earth  are  made  movable  by  the  hand  ol  man.     Except  for  the  fieciilta 
manner  in  which  it  came,  its  relation  to  the  soil  would  Ik:  lieyond   dispute.     It 
was  in  its  substant^»  as  we  understand,  a  stone.     It  was  not  of  a  character  to  lie 
thought  of  as  "unclaimed  by  any  owner,"  and,  l>ecau*e  unclaimed,  "suf  j 
l>e  abandoned  by  the  last  proprietor,"  as  should  l:>e  the  ca^»  under  tli 
voked  by  ap|>cllant.     In  fact,  it  has  none  of  the  characteristics  of  the   ,.. 
contetn plated  bv  such  a  rule. 

We  may  properly  Uftte  some  of  the  particular  claims  of  api>ellant.  His  argu- 
ment deals  with  the  rules  of  the  common  law  for  ac(|uiring  real  property, iis  by 
cheat,  oc*  upancy.  prescription,  frjrfeitnre.  and  alienation,  which  it  is  claime<1  w* 
all  the  methods  knnwn.  barring  inheritance.  We  need  not  f|iicstion  the  correct* 
ness  of  the  statement,  assuming  that  it  has  relerencc  to  original  actiuisition.  «* 
distinct  from  aci|uisitions  to  soil  already  owned,  by  accretion  '>r  nntur  i' 
The  general  rules  of  the  law,  by  which  the  owners  of  riparian  titles  an 
lose  «>r  gain  by  the  doctrine  uf  accretions,  are  quite  familiar.  These  rule- 
however,  o!  excltisive  application  to  such  owners  Through  the  action  - 
ments,  wind  and  waler,  the  soil  of  one  man  is  taken  and  dr|M>siled  in  lU 
another;  and  thus  all  over  the  countrv',  we  may  say,  changes  are  ciinsf. 
ing  on.  By  these  natural  causes  the  owners  of  the  soil  are  giving  tind  ' 
the  wisdom  of  the  controlling  forces  shall  determine.  By  tlu- 
may  be  affected  with  a  substantial  gain,  and  another  by  u  '• 
gains  are  of  accretion,  and  the  deposit  beconjes  the  property  oi  the  r^x^utf  m  toe 
soil  rm  which  it  is  made. 

A  scientist  of  note  has  said  that  Irom  six  to  seven  hundred  oi  thrse  stones  fitJ|| 
to  our  earth  annually.     If  they  ore.  as  indicated  in  argument,  depfirturrsi  fron 
other  planets,  and  if  among  the  planets  of  tlve  solar  system  llierr  i*  t*ri]<  in!ci 
change,  bearing  evidence  of  their  material  cimtjiosition.  upon  wh 
reason  or  authority  can  we  say  that  aclepr>sit  thus  made  shall  i 
class  of  f»rnpcrty  that  it  woulil  Ik*  if  originally  of  this  planet  and  in 
atiun  ''     If  these  exchanges  have  heen  going  on  through  the  counth- 
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plaTietary  system,  who  shall  attempt  to  determine  what  part  of  the  rocks  and 
formations  of  especial  value  to  the  scientist,  resting  in  and  upon  the  earth,  are  of 
meteoric  acquisition,  and  a  part  of  that  class  of  property  designated  in  argument 
as  **  unowned  things,  **  to  be  the  property  of  the  fortunate  finder  instead  of  the 
owner  of  the  soil,  if  the  rule  contended  for  is  to  obtain?  It  is  not  easy  to  under- 
stand why  stones  or  balls  of  metallic  iron,  deposited  as  this  was.  should  be  gov- 
erned by  a  different  rule  than  obtains  from  the  deposit  of  boulders,  stones,  and 
dirt  upon  our  prairies  by  glacier  action ;  and  who  would  contend  that  these  de- 
posits from  floating  bodies  of  ice  belong,  not  to  the  owner  of  the  soil,  but  to  the 
finder?  Their  origin  or  source  may  be  less  mysterious,  but  they,  too,  are  "tell- 
tale messengers"  from  far-off  lands,  and  have  value  for  historic  and  scientific  in- 
vestigation. 

It  is  said  that  the  aerolite  is  without  adaptation  to  the  soil,  and  onl^'  valu- 
able for  scientific  purposes.  Nothing  in  the  facts  of  the  case  will  warrant  us  in 
saying  that  it  was  not  as  well  adapted  for  use  by  the  owner  of  the  soil  as  any 
stone,  or,  as  appellant  is  pleased  to  denominate  it,  **  ball  of  metallic  iron. "  That 
it  may  be  of  greater  value  for  scientific  or  other  purposes  may  be  admitted,  but 
that  fact  has  little  weight  in  determining  who  should  be  its  owner.  We  cannot 
say  that  the  owner  of  the  soil  is  not  as  interested  in,  and  would  not  as  readily 
contribute  to,  the  great  cause  of  scientific  advancement,  as  the  finder,  by  chance 
or  otherwise,  of  these  silent  messengers.  This  aerolite  is  of  the  value  of  $101, 
and  this  fact,  if  no  other,  would  remove  it  from  uses  where,  other  and  much  less 
valuable  materials  would  answer  an  equally  good  purpose,  and  place  it  in  the 
sphere  of  its  greater  usefulness. 

The  rule  is  cited,  with  cases  for  its  support,  that  the  finder  of  lost  articles, 
even  where  they  are  found  on  the  property,  in  the  building,  or  with  the  personal 
efl^ts  of  third  persons,  is  the  owner  thereof  against  all  the  world  except  the  true 
owner.  The  correctness  of  the  rule  may  be  conceded,  but  its  application  to  the 
case  at  bar  is  very  doubtful.  The  subject  of  this  controversy  was  never  lost  or 
abandoned.  Whence  it  came  is  not  known,  but,  under  the  natural  law  of  its  gov- 
ernment, it  became  a  part  of  this  earth,  and,  we  think,  should  be  treated  as  such. 
It  is  said  by  appellant  that  this  case  is  unique;  that  no  exact  precedent  can  be 
found ;  and'that  the  conclusion  must  be  bnsed  largely  upon  new  considerations. 
No  similar  question  has,  to  our  knowledge,  been  determined  in  a  court  of  last  re- 
sort. In  the  American  and  English  Encylopedia  of  Law  (volume  15,  p.  388)  is 
the  following  language:  *'  An  aerolite  is  the  property  of  the  owner  of  the  fee  upon 
which  it  falls.  Hence  a  pedestrian  on  the  highway,  who  is  first  to  discover  such 
a  stone,  is  not  the  owner  of  it ;  the  highway  l^eing  a  mere  easement  for  travel.  '* 
It  cites  the  case  of  Maas  V.  Ampua  Soc,  16  Alb.  Law  J.  76,  and  13  Ir.  Law  T. 
381,  each  of  which  periodicals  contains  an  editorial  notice  of  such  a  case  having 
been  decided  in  Illinois,  but  no  reported  case  is  to  be  found.  Anderson's  Law 
Dictionary  states  the  same  rule  of  law,  with  the  same  references,  under  the  sub- 
ject of  "accretions."  In  20  Alb.  Law  J.  299.  is  r.  letter  to  the  editor  from  a  cor- 
respondent, calling  attention  to  a  case  determined  in  France,  where  an  aerolite 
found  by  a  peasant  was  held  not  to  be  the  property  of  the  **  proprietor  of  the 
field,"  but  that  of  the  finder.  These  references  are  entitled,  of  course,  to  slight,  if 
any,  consideration ;  the  information  as  to  them  l)eing  too  meager  to  indicate  the 
trend  of  legal  thought.  Our  conclusions  are  announced  with  some  doubts  as  to 
their  correctness,  but  they  arise,  not  so  much  from  the  application  of  known  rules 
of  law  to  proper  facts,  as  from  the  absence  of  defined  rules  for  these  particular 
cases.  The  interest  manifested  has  induced  us  to  give  the  case  careful  thought. 
Our  conclusions  seem  to  us  nearest  analogous  to  the  general  accepted  rules  of 
law  bearing  on  kindred  (|uestions.  and  ti)  subserve  the  ends  of  substantial  jus- 
tice. The  question  we  have  discussed  is  controlling  in  the  case,  and  we  need  not 
consider  otners. 

The  judgment  of  the  district  court  is  affirmed. 

The  Photo-Electric  Effect  of  Star-Light.— I  forward  to  you  an  account  of  Pro- 
fessor Minchin's  Photo- Klectric  Cells  and  the  results  obtained  by  Professor 
Dixon  of  St.  John's,  New  Brunswick,  who  was  residing  next  door  to  me  during 
the  time.  The  weather  was  on  the  whole  very  unfavorable.  My  telescope  is  a 
TV^inch  refractor  by  .\lvan  Clark  (made  for  the  late  Rev.  W.  R.  Dawes).     It  is  an 


excellent  instrument  of  its  kind  but  accuracy  of  definition  is  unimpormnt  for  th« 
purpoiiies  we  bad  in  view.  In  fact,  I  think  we  succeeded  rather  better  when  the 
cells  were  placed  farther  out  than  the  focus  so  as  to  spread  the  light  of  the  star  | 
over  a  wider  circle.  When  the  light  is  contracted  almost  to  a  point  it  ts  difficult 
to  insure  its  falling  on  the  sensitive  plnte.  The  cell,  if  U8e<l  outside  the  tube, 
shouldt  o(  courfc,  be  cut  off  from  diffused  light  as  far  as  possible,  I  am  not  sure 
that  wc  attended  sufficiently  to  this  rcriuircment.  The  fault,  however,  I  think, 
chiefly  rested  with  the  electrometer  (Cly ton's  form  of  Thomson's).  Besides  oscil- 
lating considerably,  the  zero-point  appeared  to  be  gradually  shifting  on  some  *>c- 
casions,  while  on  others  the  electrometer  would  not  hold  any  considerable  charge. 
I  ara  not  a  practical  electrician  but  I  think  those  who  are  so  will  agree  with  me 
in  this.  We  failed  to  obtain  any  certain  results  from  the  fixed  stars  owing,  as  I 
Inrlieve,  to  these  causes.  With  a  larger  telescope  and  a  steadier  and  less  leaky 
electrometer,  I  think  a  good  deal  could  lie  effected  with  Professor  Minchin's  crlln. 
The  effects  obtained  from  the  moon  by  Professor  Dixon  were  of  a  striking  chdr. 
acter  and  «»n  one  occaMon,  at  least,  he  obtained  results  from  bright  patches  in  t\w 
clouds  near,  but  I  think  not  precisely  in  front  of,  the  monn.  Professor  Pitxgeraid 
had  previously  obtained  well  marked  effects  from  the  moon       w.  ir  s.  unxcK. 


The  P hot o-Elec trie  Effect  of  Star-Liglit.— Mr.  Monck  has  asked  im  lu  t:i%c  sk 
short  account  of  some  preliminary  experiments  with  Professor  Miiichtn*s  phutD* 
electric  cells,  in  which  he  was  good  enough  to  ask  me  to  assist.  The  etjjcriments 
w^ere  made  in  Mr,  Mnnck*8  Observatory  in  Karlsford  Terrace.  Oublin.  Thi*  follow- 
ing arrangement  Wits  nmde  at  Professor  Nfinchin's  suggestion  and  by  bis  assist- 
ance The  cell  nr  bnttcry  of  cells  was  pbiccd  on  a  small  slide  which  was  lilted  to 
the  tulie  of  the  telescopic  when  the  eyc-piccc  was  removed.  This  slide  was  so  ar- 
ranged that  the  sensitive  part  of  plnte  in  the  cell  could  be  (ibiccd  in  the  fcx^us  of 
the  tclesco^ie.  By  placing  the  eye  liehind  the  cell  it  was  easy  to  see  when  tbe 
image  of  the  star  or  |)lanet  fell  on  the  sensitive  plate«  then  the  felescope  was 
vlanijied  and  clock  w*ork  set  going.  The  seoHitire  plate  was  connected  with 
ipradrant  electrometer  and  tbe  other  plate  with  earth.  The  light  from  the  planet 
eoultl  Ix*  cut  off  by  a  screen  so  that  its  effect  on  the  cell  could  thu»  Itc  dcternvinnl 
by  the  deflection  of  the  electrometer  needle.  The  following  results  fr^im  a  battery 
of  two  t*ells  were  obtained  on  the  morning  of  the  2Hth  ol  August  When  an  E  M  P 
of  .85  volt  gave  n  deflection  of  21  crn.  on  the  electrometer  scale  the  effect  of  Jmi- 
itcr*s  light  on  the  battery  produced  a  deflection  of  4  mm  ;  ntid  when  the  E  M  F  o^ 
.85  volt  gave  a  defection  of  10,3  cm*  the  light  of  Venus  caused  a  deHcctiafi  of 
5  mm,  STEfiiEK  M,  ntxox. 

August  30,  1892, 


A  Curious  Old  Astronomical  Chart.— We  are  indebted  to  I)r.  William  H.  Grniiv 
grr^  Bast  Boston,  Mass^  for  a  photographic  copy  taken  from  a  facsimile  of  a 
curious  astronomical  chart,  preserved  in  Trinity  College,  Dublin,  liearin^  date 
A*  D.,  1400.  The  text  is  written  in  Celtic  character  an<l  is  somewhat  faint, owing 
to  the  light  brown  color  of  the  plate  from  which  it  was  taken.  The  trnnslottoo 
kindly  furnished  by  Ur.  (irainger  is  as  lollows: 

'* Si  Antcftj  suf  \finorcs  eset  Canrhtaics,**  etc. — If  the  niM^nituflc  of  the  Sun 
were  smaller  than  the  magnitude  of  the  Earth,  everything  unsustiiinnble.  unper- 
tiiissiblep  we  have  said»  and  move  aUmg  with  them,  ihe\'  aht«ulci  fall  in  it;  for  ilie 
shadow  of  the  Earth  would  be  continually  growing  and  leaping  from  ilie  E^irtli 
out  to  the  sphere  of  the  high  stars,  and  it  would  darken  the  grefitrr  pot  of  then; 
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and  an  eclipse  would  happen  to  the  planets  in  every  month ;  and  the  eclipse  of  the 
Moon  would  hold  during  the  night,  ns  he  says.    Well  then,  as  we  have  never  seen 
the  like  of  this,  and  as  we  nave  not  heard,  and  as  we  have  not  found  it  written 
it  must  be  that  the  magnitude  of  the  Sun  is  not  smaller  than  the  magnitude  of  the 
Earth ;  and  what  I  say  is  manifest  from  this  figure  down  here. 

(O.G)  MS.  IN  Roy.  Ir.  Acad.  Astrcsom  :  Tract  ;  Circa  A.  D.  1400. 


Sroncgm  iotmrnoTtis  e 


Proirssor  0*Curry  says:  **This  remarkable  astronomical  tract  does  not  ap- 
pear to  have  been  yet  investigated  by  scientific  scholars.  A  specimen  has  there- 
fore been  selected  such  as  to  show  one  of  the  many  diagrams  with  which  it  is  il- 
lostratcd.  It  is  a  beautiful  vellum  manuscript  of  eight  pages,  in  the  finest  style  of 
handwritiog.*' 

Manuscript  in  R.  I.  .\.  (Circa  14th  century). 

The  diagram  contains  the  following  words :    (Translation). 

1.  The  high  stars  on  being  darkened  by  the  shadow  of  the  Earth. 

2.  The  Sun's  sphere. 

3.  The  Sun's  sphere. 

4.  The  shadow  of  the  Earth  darkening  the  Moon. 
6.  The  sphere  of  the  fixed  stars. 

6.  The  Sun. 

7.  The  Earth. 
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AatroQomicAl  aii4  Phyaical  Socittf  of  Toroato.— The  regular  meeting  of  tlie  As- 

tTonomical  and  Physical  society  of  Toronto  held  Oct,  4,  was  one  of  tiv^ely  inleimt 
to  its  mcmliers  and  visitors.    Some  of  the  topics  considered  were  a  permanent 
place  for  the  Ijooks.  apparatus  and  meetings  of  the  society,  arrangemeuts  for  ob- 
serving the  I^onids,  November  13  and  14;  rej>ort5  of  aurora;  for  September, 
large  meteor  by  L.  W.  Smith;  of  Sun*spoli5 ;  of  occultation  of  Mars  by  the  Monn 
by  Mr.   Ridout;  of  the  Barnard  discovery  of  JupHcr's  fifth  satellite  imd   of  Jw 
pitcrs  opposition  and  the  position  of  the  shadows  of  satellites  on  the  Jovitin  disc*' 
Announcements  of  interesting  phenomena  for  future  observation  were  made  antf 
the  promised  work  planned  for  somewhat  in  detail.    This  yountf  h(«  iii  v  i^^  (Tnini; 
iisefol  work  and  engaging  deserved  public  attention. 


Chicago  Academy  5f  Sciences.— The  regular  meeting  of  the  Section  of  Maibe- 
mittics  and  Astronomy  of  the  Chicago  Academy  of  Sciences  W4is  held  ai  the  Ik^r* 
bom  Observatory,  Evanston^  on  Tuesday  evening,  Oct,  4,  1892, 

Professor  Ci.  W.  Hough  was  in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Mr.  S.  W.  Bnmham  made  some  remarks  on  the  new  satellite  of  Jufiitcr.    Mr. 
Barnard's  discovery  is  by  no  means  to  Ix  regarded  as  an  accident,  as  Juintcr  hfl 
Ixren  watched  by  this  observer  for  many  years.     Vp  to  June  of  the  present  yea 
Mr.  Barnard  has  l>cen  using  the  12-inch  telescope  of  the  Lick  Observatory  in  th 
examination  of  Jupiter's  surface  markings  and   the  phenomeua  of  the  s^itcUitcs*" 
In  July  he  wa«  able  for  the  first  time  to  employ  the  36-ineh    telescope  for  this 
work,  and  a  very  careful  search  was  made  for  possible  satellites.    On   Sept.   It*  a 
very  small  star  was  seen  close  to  the  planet,  and,  as  it  was  at  once  suspected  to  he 
a  new  satellite, its  position  with  reference  to  the  third  Satellite  was  measured,    fhi 
the  two  following  nights  it  was  re-observed  and   no   doubt  remained   as  to  iln 
true  nature.    It  is  described  as  a  much  more  difficult  object  than   the  satellites  */ 
Mars,  and  therefore  can  probably  Ijc  sseen  with  only  the  largest  instruments.    The 
jjeriod  is  very  nearly  ll**  59™,  and  the  distance  from  the  planet's  crotcr  ahoa 
112,000  mites. 

Professor  Hough  spoke  of  the  imjKJrtance  of  the  diseovery,  fifid  of  its  rtlatioti 
to  Galileo's  discovery  of  the  first  four  satellites, 

Mr.  Bnmham  added  that  the  claims  of  the  various  oliservers  with  srojill  telc»- 
copes  as  to  their  pretended  discovery  of  the  satellite  were  evidently  not  to  lie  coo* 
sidered  for  a  moment. 

The  next  pajier,  **On  the  New  Star  in  Auriga,"  was  rend  by  Dr.  Henry  Crew 
of  Northwestern  Thiiversity,  The  discovery  and  earlier  observations  of  the  Nova 
were  descril^ed,  and  the  various  remarkable  features  of  the  Nova  and  its  spcctr 
were  pointed  out.  Professor  Crew's  o^*servations  were  made  with  the  36*tti 
tclescojx-  of  the  Lick  Observatory.  With  a  single  prism  the  spectrum  was  rcfr 
brilliant,  but  it  was  very  faint  with  a  grating.  Attention  was  called  to  the  pc^ 
culiar  way  in  which  the  lines  faded  away  as  the  star  declined  in  magnitude.  Twi> 
lines  in  the  red  which  were  very  faint  when  the  Nova  was  brightest  liccftii 
brighter  as  the  magnitude  decreased,  and  finally  surpassed  even  C  itsrlf.  llrJ 
Crew  considers  the  reappearance  of  the  Nova  as  a  nebula  as  distinctly  opposed  to 
Mr.  Lockyer's  mcteoritic  theory.  The  various  other  theories  were  rrriewed  iiod 
commented  upon, 

Mr.  Bumham  remarke<l,  in  answer  to  a  question  n»  to  the  po«tion   of  il*. 
Nova,  that  Mr.  Barnard  had  found  by  a  series  of  measures  that  not  iht 
change  had  occurred  since  the  disappearance  in  the  spring.    He  considers  -.  < 
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of  discovery  as  ofifering  great  encouragement  to  amateurs  having  small  instru- 
ments. An  observer  with  a  large  telescope  depends  so  exclusively  upon  the  circles 
in  setting  that  he  loses  his  familiarity  with  the  sky.  The  amateur  observer's  con- 
stant use  of  star  charts  makes  it  much  more  likely  that  he  will  notice  new  objects, 
though  many  probably  escape  attention. 

Dr.  Crew  exhibited  Profiessor  Campbeirs  new  map  of  the  Nova's  spectrum, 
and  pointed  out  the  chief  nebular  line. 

In  speaking  of  Mr.  Barnard's  observations  of  an  extremely  faint  nebulosity 
now  surrounding  the  Nova,  Mr.  Bumham  expressed  his  perfect  confidence  in  Mr. 
Barnard's  ability  as  an  observer  by  stating  that  he  would  rather  trust  Mr.  Bar- 
nard's observations  of  a  very  difficult  object  than  believe  in  the  testimony  of  his 
own  eye. 

Professor  George  E.  Hale,  of  the  Kenwood  Observatory  described  an  auto- 
matic spectroheliograph  recently  devised  by  him.  When  once  adjusted  and  set  in 
operation  the  instrument  will  take  photographs  of  the  Sun  showing  spots,  faculse 
and  prominences,  at  any  desired  interval  throughout  the  day.  It  is  expected  that 
such  an  instrument  will  soon  be  in  daily  use  at  the  Kenwood  Observatory. 

Professor  Hale  also  presented  some  remarks  on  a  recent  communication  by 
M.  Deslandres  to  the  Paris  Academy  of  Sciences.  In  his  paper  M.  Deslandres  sug- 
gests a  method  for  determining  the  velocity  of  the  axial  rotation  of  stars.  The 
method  depends  upon  M.  Deslandres*  statement  that  the  solar  faculs  are  some- 
times sufficiently  bright  to  show  the  H  and  K  lines  reversed  in  the  solar  spectrum 
as  photographed  with  an  integrating  spectroscope.  Professor  Hale  criticised  M. 
Deslandres'  method,  and  proposed  a  means  of  testing  its  applicability  which  will 
shortly  be  presented  to  the  Paris  Academy  of  Sciences. 

Dr.  Crew  remarked  that  he  considered  M.  Deslandres'  method  disposed  of  by 
Professor  Hale's  criticism,  and  thought  it  hardly  necessary  that  the  test  be  ap- 
plied. 

Professor  Hough  made  a  few  remarks  on  the  present  appearance  of  Jupiter 
and  the  Red  Spot,  which  is  now  very  faint,  and  may  completely  disappear.  He 
considers  it  identical  with  the  spot  seen  by  Cassini  to  appear  and  reappear  every 
six  years. 

.  The  meeting  then  adjourned,  and  the  remainder  of  the  evening  was  spent  by 
the  members  in  observing  Jupiter  and  other  objects  with  the  18V^  inch  equatorial 
of  Dearborn  Observatory.  George  E.  Hale,  Recorder. 
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Cosmical  Evolution.  A  New  Theory  of  the  Mechanism  of  Nature.  By  Evan 
McLennon.  Messrs.  Donohue,  Henncberry  &  Co.,  Publishers,  Chicago.  1890. 
pp.  399. 

This  book  offers  a  new  system  of  cosmical  evolution  which  embraces  the  en- 
tire range  of  natural  phenomena,  although  only  the  elementary  conceptions  of 
it  arc  yet  published.  The  introduction  contains  a  statement  of  various  legends 
of  creation  and  primitive  ideas  and  the  successive  theories  of  astronomical  sci- 
ence from  the  Ptolemaic  system  to  the  Nebular  Hypothesis.  The  body  of  the 
work  is  divided  into  three  parts:  An  introduction  to  the  theory,  objections  to  the 
theory  and  finally  the  new  theory  itself.  In  the  first  part,  we  find  the  essential 
principle  of  the  new  theory,  the  sole  characteristic  of  it.  stated  in  these  words:— 
^'Brerjr  known  heavenly  body  is  connected  with  its  neighboring  heavenly  bod- 


ies  by  means  of  real,  materml  bonds,  ami  that  ertry  phenomenon  of  the  uaht 
without  exception,  is  due  sohty  to  the  action  of  had  ies  upon  one  AsotAer' 
through,  and  by  means  of,  these  bonds  that  join  them  together,*'  It  is  tbc  pur> 
pose  of  the  book  to  prove  this  proposition,  or,  at  least,  to  make  It  more  pro1)ahtr 
than  existing?  theories  iucompjitible  with  it.  The  idea  of  fon,-e  as  commonlv  o«.rd 
by  physici^t^  is  nbandonefL  and  all  argument  is  made  to  turn  on  the  **afl  -  iT 
ciency  of  matter  and  motion/' in  one  p rand  chain  of  causation.  The  ^^ist  *^i 
theory%  8trip(jed  of  all  vcrbajije,  is  simply  this:     What  tire  these  "real,  mauu.i^ 

L|>onds '*  that  constitute  the  solid  ** connections"'  of  the  different  p^rts  of  the  uni" 
verse?  Physicists  say  the  union  is  sustained  by  force,  but  no  scholar  attempt 
to  give  a  complete  definttii  n  of  lorce.  JHxause  no  one  knows  what  it  ia>  Now.  \ 
seems  to  us  that  the  new  theory  does  not  help  us  any  in  the  place  of  renl  difl 
culty,  for  what  are  these  '*rcal,  material  bonds?''  What  has  licen  added  toon 
knowledge  of  cause  or  eflfect  by  this  discussion  ?  We  are  free  to  say  that  the  ai 
thor  has,  in  the  main,  stated  well  real  objections  to  existing  theories,  but,  on  th 

[other  hand,  we  fail  to  see  how  he  has  given  aid  at  the  point  where  it  is  necde 
We  have  been  interested  in  the  raiv^c  of  fact  presented,  and  often  the  >cuod  pop 
lar  statement  given  to  difficult  and  unsettled  questions  of  science.    The  hfioi 
an  honest  attempt  to  do  real  service  in  studying  hard  and  knoLtv   piobk'ra« 
physical  science- 


tjuestions  and  Answers  about  Electricity.  A  First  Book  for  Beginners.  Baited  bv 
E.  T.  Bubier  2d.  By  D.  Van  Xostrand  Co,,  New  York,  1892.  pp,  10<>.  Prictr 
50  cents. 

This  is  a  very  suj^gestivc  little  book  in  the  form  of  questions  and    '•''^" 
with   illustrations  of  electrical  instruments  where  needed   to  ^ve  m<  > 
ideas  of  principles  or  methods  in  the  science.    The  Van  Nostrmid  Cotiip   ^ 
tng  sciince  excellent  service  in  pnblishing  so  many  good  books  in  ctienp  nnoitt>- 
graph  form. 
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MARS.* 


WILLIAM  H.  PICKERING. 


Now  that  the  opposition  of  1892  has  passed  into  history,  it 
may  be  well  to  give  a  brief  summary  of  the  observations  made 
at  Arequipa  this  year,  preparatory  to  a  more  complete  publica- 
tion elsewhere.  With  one  exception,  the  planet  has  been  ob- 
served every  night  continuously,  from  July  9  until  September  24, 
when  the  lens  of  the  telescope  was  reversed,  for  photographic 
work,  and  the  regular  observations  came  to  an  end.  Since  the 
beginning  of  the  year  Mr.  Douglass  and  myself  have  made  373 
drawings  of  different  features  of  the  planet,  thirteen  of  them  be- 
ing colored.  Numerous  micrometric  measurements  of  the  equa- 
torial, polar,  and  phase  diameters  have  been  made.  A  large 
number  of  measurements  of  the  snow,  and  other  observations 
for  correcting  the  physical  ephemeris  of  the  planet  have  been  col- 
lected. Ninety-two  stations  have  been  located  upon  the  planet 
micrometrically,  many  of  them  having  been  observed  upon  sev- 
eral different  dates.  Besides  these,  measurements  of  the  clouds, 
and  the  breadths  of  the  lakes,  canals,  and  minor  features  have 
been  obtained.  Considerable  data  has  thus  been  collected  at 
this  opposition  for  future  discussion. 

Turning  now  to  what  we  may  call  the  definite  conclusions 
to  be  derived  from  our  observations,  we  may  say  :— 

(Ist).  That  the  polar  caps  are  clearly  distinct  in  appearance 
from  the  cloud  formations,  and  are  not  to  be  confounded  with 
them. 

(2d).  That  clouds  undoubtedly  exist  upon  the  planet,  differing 
however,  in  some  respects  from  those  upon  the  Earth,  chiefly  as 
r^ards  their  density  and  whiteness. 

(3d).  There  are  two  permanently  dark  regions  upon  the 
planet,  which  under  favorable  circumstances  appear  blue,  and 
are  presumably  due  to  water. 

*  Commtraicated  by  the  author. 


(Mh),  Certain  other  portions  of  the  surface  of  the  planet  are 
undoubtedly  subject  to  gradual  changes  of  color,  not  to  be  ex. 
plained  by  clouds. 

(5th).  Excepting  the  two  very  dark  regions  referred  to  above, 
all  of  the  shaded  regions  upon  the  planet  have  at  times  a  jn^cen- 
ish  tint.  At  other  times  they  appear  absolutely  colorless,' 
Clearly  marked  green  regions  are  sometimes  seen  near  the  poles. 

(6th).  Numerous  so-called  canals  exist  upon  the  planet,  »ub. 
stantially  as  drawn  by  Professor  Schiaparelli.  Some  of  them 
are  only  a  few  miles  in  breadth.  No  striking  instances  of 
duplication  have  been  seen  at  this  opposition, 

(7lh).  Through  the  shaded  regions  run  certain  curved  branch- 
ing dark  lines.  They  are  too  wide  for  rivers,  but  may  indicate 
their  courses. 

(8th),  Scattered  over  the  surface  of  the  planet,  chiefly  on  the 
side  opposite  to  the  two  seas,  we  have  found  a  large  number  of 
minute  black  points.  They  occur  almost  withont  exception  at 
the  junctions  of  the  canals  with  one  another,  and  with  the 
shaded  portions  of  the  planet.  They  range  from  thirty  to  one 
hundred  miles  in  diameter,  and  in  some  cases  are  smaller  thai 
the  canals  in  which  they  are  situated.  Over  forty  of  them  hai 
been  discovered,  and  for  convenience  we  have  termed  them  lakes. 

No  repetition  of  the  phenomena  connected   with   the  meltin| 
snow,  which  occurred   in  July  has  been  observed.    The  Y  marb 
has  assumed  its  customary  appearance,  so  that  the  narrowing  of 
the  southern  branch  seems  to  have  l^een  a  temporary  j* 
enon,  and    was  probably  due   to  clouds.    The  central   bi  r?ii 

now^  continuously  visible,  but  its  southern  extremity  which  con- 
nected it  with  the  snow  has  disappeared.  The  southern  branch 
of  the  V  also  seems  to  be  gradually  fading  out. 

Clouds  have  on  several  occasions  been  observed  to  project  be- 
yond the  terminator,  and  also  beyond  the  limb,  thus  confimiisig 
the  observations  made  at  the  Lick  OI)servatory,  The  height  of 
these  clouds  has  been  measured,  and  it  appears  that  sotne  of 
them  attained  an  altitude  of  at  least  twenty  miles, — a  height 
considerably  greater  than  that  attained  by  terrestrial  clouda;»1 
This  is  a  result  naturally  to  be  expected  from  the  small  mass  of 
the  planet.    No  direct  measures  have  Ijeen  possible  of  the   '  v'j 

of  the  atmosphere  at  the  ^ilanet^s  surface,  but  indirect  i  ^*|| 

tions  lead  us  to  conclude  that  it  is  less  than  that  at  the  surface  of 
the  Earth,  but  probably  not  as  much  as  ten  times  less. 

A  curious  feature  of  the  obser\'ations  has  been  the  distinct  flat-_ 
tening  at  the  planet's  poles,  amounting  to  at  least  ^>    Fro« 
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theoretical  considerations,  unless  we  assume  a  rather  improba- 
ble internal  structure,  it  cannot  exceed  ^^^,  and  that  is  approxi- 
mately the  figure  which  Professor  Young  derived  from  his  meas- 
urements. Herschel  made  iV»  Arago  ^,  and  other  observers  have 
obtained  various  results,  in  general  greater  than  ours.  The 
above  figure  must  not  be  considered  by  any  means  final,  but 
merely  as  an  approximate  minimum,  since  our  computations 
have  not  as  yet  been  completed.  That  the  flattening  at  opposi- 
tion was  considerable  was  very  evident.  As  no  such  conspicuous 
discrepancies  among  different  observers  occur  in  the  case  of  the 
other  planets,  I  am  inclined  to  think  that  the  variations  may  be 
real,  and  due  perhaps  to  an  equatorial  cloud  formation.  Clouds 
are  certainly  very  frequent  upon  the  sunrise  terminator,  particu- 
larly towards  the  equator.  In  any  case  this  is  an  interesting 
matter  for  investigation  at  future  oppositions. 

As  the  snow  in  melting  receded  towards  the  pole,  there  was  a 
narrow,  nearly  straight  region  upon  which  it  lingered  longer 
than  elsewhere.  At  present  the  snow  is  divided  into  two  sections 
one  long  and  narrow,  the  other  of  irregular  shape,  and  somewhat 
mottled.  The  appearance  is  such  as  might  be  produced  by  a 
mountain  range  and  an  area  of  irregular  elevation,  with  a  valley 
lying  between  them.  It  was  from  this  supposed  valley  that  the 
dark  line  issued  in  July  connecting  it  with  the  Northern  Sea. 

Upon  August  5,  in  the  region  just  to  the  north  of  Solis  Lacus, 
latitude  —  20^,  a  small  but  conspicuous  white  spot  appeared.  It 
was  conspicuous  from  being  brighter  than  any  other  spot  upon 
the  planet  save  the  southern  snow  cap,  which  it  exactly  resem- 
bled in  color. 

A  similar  but  much  smaller  spot  was  also  noticed  further  to 
the  southwest.  Both  spots  had  disappeared  by  August  7,  but 
careful  measurements  upon  two  nights,  and  several  drawings,  had 
already  accurateh'  located  their  positions.  The  larger  of  these 
spots  measured  about  60  miles  in  length  by  perhaps  40  in  width, 
and  was  much  brighter  than  any  cloud  that  I  have  ever  seen 
upon  the  planet.  I  am  inclined  to  attribute  both  of  these  spots 
to  snow.  We  have  frequently  seen  small  white  points  lying  along 
the  line  which  bounds  the  shaded  regions  upon  the  north.  Early 
in  August  the  whole  northern  sphere  of  the  Equatorial  Sea  was 
bounded  by  a  narrow  white  line,  while  later  a  similar  line 
bounded  the  Northern  Sea  upon  the  west.  These  lines  were  ap- 
parently due  to  cloud,  and  were  not  as  bright  as  the  spots  of 
snow  referred  to  above.  Although  nearly  a  thousand  miles  long, 
they  could  hardly  have  exceeded  thirty  miles  in  breadth. 


Although  Mars  has  been  nearer  the  Earth  at  this  past  opposi- 
tinn  than  it  will  be  again  for  fifteen  years,  I  am  quite  inclined  to 
believe  that  it  will  be  better  seen  in  1894  than  it  has  been  this 
year.  My  reasons  for  this  statement  are  as  follows: — In  the  first 
place,  its  distance  from  the  Earth  will  not  be  very  much  greater 
than  it  has  been  this  year,  and  indeed  for  part  of  the  time  it  will 
be  less  remote  than  it  was  when  many  of  our  most  interesting 
observations  were  secured.  Secoadlyt  it  will  be  much  farther 
north,  where  the  great  northeni  telescopes  can  be  used  upon  it  to 
much  greater  advantage.  Thirdly,  following  the  melting  of  the 
southern  snow»  the  Arean  atmosphere  was  filled  with  clouds,  and 
these  did  not  clear  away  satisfactorily  until  the  ver\'  end  of  Au- 
gust, or  long  after  the  opposition  was  over*  It  was  only  after  the 
clouds  began  to  clear,  that  the  Arean  lakes,  which  have  proved 
such  an  interesting  feature  of  this  opposition,  began  to  show  to 
their  full  advantage.  Owing  to  the  change  of  seasons  upon 
Mars,  little  of  this  latter  difficulty  should  be  experienced  at  the 
next  opposition,  and  it  is  thought  that  many  lakes  and  other  dcU 
icate  features  still  remain  undiscovered,  which  may  reveal  them* 
^selves  at  that  time.  Could  the  great  40-inch  telescope  of  South- 
►ern  California  then  be  completed,  undoubtedly  the  best  ^icws  of 
the  planet  would  be  obtained  at  that  point,  hut  if  it  is  not,  the 
Lick  telescope  can  certainly  be  used  to  greater  advantage,  and 
the  Arequipa  telescope  to  no  less  advantage,  than  w^as  the  case 
this  year. 

Arequipa,  Peru,  September  28,  1892* 


SILVERING  GLASS  MIRRORS. 


A.  A.  COMMON. 


The  importance  of  a  good  reflecting  surface  in  such  instruments 
as  the  modem  silver-on-glass  reflecting  telescope  and  the  equator- 
ial coude  is  obvious.  As  a  rule  the  silver  surface  if  fairly  pre 
tected  from  dust  and  damp  w^ill  last  many  years  with  but  slight 
loss  of  light,  but  must  be  renew^ed  frequently  if  the  best  results; 
are  to  be  obtained.  Many  diflerent  processes  and  methods  of 
silvering  have  been  from  time  to  time  published  by  diflferent  [>eo. 
pie,  and  it  becomes  of  some  interest  to  examine  these  with  a  view 
of  finding  out  the  particular  one  that  suits  certain  cases. 

Having  used  reflecting  telescopes  for  many  years  I  have  had  cm:- 
casion  to  try  a  great  number  of  experiments  with  a  view  of  ^ 
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ting  a  good  process.  It  would  be  tedious  to  give  these  in  detail^ 
but  it  may  be  useful  to  give  some  few  instances  where  satisfac- 
tory results  have  been  obtained. 

The  process  of  depositing  the  metallic  silver  on  a  glass  surface  is 
an  empirical  one;  the  conditions  affecting  the  reactions  are  so 
various  that  hard-and-fast  rules  cannot  be  laid  down.  The  tem- 
perature in  which  the  process  is  carried  on  seems  perhaps  the 
most  important  thing  to  be  considered,  ranging  as  it  may  from 
35°  or  40°  to  104°  F.  according  to  the  reducing  agent  employed. 

I  have  had  occasion  to  look  up  the  processes  published  from 
time  to  time;  some  of  these  are  of  sufficient  interest  to  be  given 
briefly. 

Baron  Liebig  found  in  1835  that  on  heating  aldehyde  with  an 
ammoniacal  solution  of  nitrate  of  silver  in  a  glass  vessel  a  bril- 
liant deposit  of  metallic  silver  was  deposited  on  the  surface  of 
the  glass.  To  this  observation  is  due  the  modem  process  of  sil- 
vering glass. 

The  next  important  step  seems  to  have  been  taken  by  Cimeg, 
who,  in  1861,  patented  a  process  for  silvering  mirrors  (where  of 
course  only  the  surface  against  the  glass  is  used)  by  what  has 
since  been  known  as  the  Rochelle-salt  process.  This  patent  is 
No.  619,  1861.  After  cleaning  the  glass  in  the  usual  way  he 
washes  the  surface  with  Rochelle-salt  solution  1  in  200.  For  1 
sq.  yard  of  glass  he  takes  20  grammes  of  nitrate  of  silver  in  so- 
lution and  adding  it  to  ammonia  of  commerce  till  a  brown  pre- 
cipitate commences  to  be  produced ;  to  this  is  added  a  solution 
of  14  grammes  of  Rochelle  salts.  Using  the  mixture  in  this  pro- 
portion when  it  becomes  turbid  he  pours  it  over  the  glass  plate^ 
which  has  an  inclination  of  1  in  40,  for  30  minutes  at  a  temper- 
ature of  68°. 

In  1862  Cimeg  has  another  process  patented  (No.  2314).  He 
uses  20  grammes  of  Rochelle  salts  in  300  grammes  of  water,  20 
grammes  of  nitrate  of  silver  in  15  grammes  of  water  with  am- 
monia to  clear;  but  in  place  of  using  a  weak  solution  of  Rochelle 
salts  on  the  surface  of  the  glass  before  silvering  he  rubs  on  the 
juice  of  apples,  currants,  sorbs,  or  other  berries  before  silvering. 

In  1873  Woerther  uses  glucose  as  the  reducing  agent. 

In  1876  Pratt  patents  a  process  (No.  1259)  in  which  before 
silvering  he  treats  the  glass  with  1  part  of  protochloride  of  tin  in 
100  parts  water.  For  large  plates  he  uses  1  part  protochloride 
of  tin,  3  drachms  of  oxalate  of  ammonia,  V2  lb.  putty  powder,  4  - 
pints  distilled  water;  this  is  rubbed  on  and  allowed  to  dry;  he 
then  uses  a  solution  of  2  parts  oxalate  of  ammonia,  4  parts 


grape-sugar,  1  part  lime,  1  part  potassic  cyanide,  in  lUUO  parts 
water.  In  silvering  he  uses  tartaric  acid,  but  does  not  give  de- 
tails. 

There  are  a  few  more  patents  for  silvering  since  the  last  date  of 
no  importance. 

In  1881  Piazzi  Smyth  gives,  in  *  British  Journal  of  Photo, 
graphy  Almanac,*  Martinis  process  in  full.  This  is  a  pretty  welU 
known  process,  and  in  some  hands  has  worked  very  well.  Many 
otlier  processes,  in  w  hich  the  chief  variation  is  the  reducing  agent 
employed,  have  from  time  to  time  appeared  in  the  various  sctcn* 
lific  journals — the  most  important  being  that  published  by  Mr. 
J,  A.  Brashear  in  the  *  English  Mcxrhanic,'  voL  31,  p,  327,  This 
is  a  most  excellent  process  and  for  ordinary  work,  when  tlic  glass 
can  be  put  in  face  downwards,  the  best  I  know.  This  I  give  fur. 
ther  on  as  I  use  it. 

In  the  *  Encyclopaedia  Britannica,*  vol.  16,  p.  500,  two  pro- 
cesses, hot  and  cold  are  given;  these,  though  mainly  relating  to 
the  silvering  of  ordinary  looking-glasses,  have  a  benriuj^  on  tlie 
process  as  used  for  silvering  mirrors. 

**In  the  lormer  method  there  is  employed  a  horiznntid  double- 
bottomed  metallic  tabic  which  is  heated  with  steam  from  33^  lo 
4Q>  C.  The  glass  to  be  silvered  is  cleaned  thoroughly  with  wet 
whiting,  then  washed  with  distilled  water  ;rnd  prepared  for  the 
silver  with  a  sensitizing  soltition  of  tin,  w  hich  is  well  rinsed  off 
before  it  is  removed  to  the  silvering  table.  The  table  being  raised 
to  the  proper  temperature  the  glass  is  laid  and  the  silvering 
solution  at  once  poured  over  it,  before  the  heat  of  the  table  has* 
time  to  dry  any  part  of  the  surface  of  the  glass.  The  solution 
used  is  prepared  as  follows  : — In  half  a  litre  of  distilled  water  100 
grammes  of  nitrate  of  silver  are  dissolved;  to  this  is  added  of  li- 
quid ammonia  (sp.  gn  0.880)  62  grammes;  the  mixture  is  fil- 
tered and  made  up  to  8  litres  with  distilled  water,  and  7,5 
grammes  of  tartaric  acid  dissolved  in  30  grammes  of  water  arc 
mixed  with  the  solution:  about  2.5  litres  ai'e  poured  over  the 
glass  for  each  superficial  metre  to  be  silvered.  The  metal  im* 
mediately  begins  to  deposit  on  the  glass,  which  is  maintained  at 
about  40^  C.  (104^  F.),  and  in  little  more  than  half  an  houra 
continuous  coating  of  silver  is  formed.  The  surface  of  silver  is 
then  cleaned  by  very  carefully  wiping  with  a  very  soft  chaniQis 
leather  and  treated  a  second  time  with  a  solution  like  the  firatt 
but  containing  a  double  quantity  of  tartaric  acid.  The  snluiitiit 
is  applied  in  twu>  portions,  and  thereafter  the  glass  is  once  more 
carefully  cleaned  of  all  unattached  silver  and  refuse  and  removed 
to  a  side  room  for  backing  up/* 
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'*In  silvering  by  the  cold  process  advantage  is  taken  of  the 
power  of  inverted  sugar  to  reduce  the  nitrate  of  silver.  This 
process  has  been  adopted  for  the  silvering  of  mirrors  of  astronom- 
ical telescopes,  notably  of  I^verrier's  great  telescope  in  the  Paris 
Obsei-vatory.  For  ordinary  mirror  silvering  the  following  is  the 
process  recommended  by  H.  E.  Ben  rath :— Two  solutions  are  pre- 
pared the  first  of  which  contains  the  silver  salt,  the  second  the 
sugar  preparation.  For  the  silver  solution  800  gammes  of 
nitrate  of  silver  and  1,200  grammes  of  nitrate  of  ammonium  are 
dissolved  in  10  litres  of  water  and  1.3  kilos  of  pure  caustic  soda 
in  10  litres  of  water,  and  of  each  of  these  solutions  1  litre  is  added 
to  8  litres  of  water,  which  is  allowed  to  rest  till  the  sediment 
forms  and  then  decanted.  The  second  solution— inverted  sugar- 
is  prepared  by  dissolving  150  grammes  of  loaf-sugar  with  15 
grammes  of  vinegar  in  0.5  litre  of  water,  and  boiling  the  solution 
for  half  an  hour.  After  cooling  it  is  made  up  with  water  to 
4,200  cubic  centimetres.  The  silvering  is  done  on  horizontal 
tables  in  a  well-lighted  and  moderatelj'  heated  apartment,  and 
the  ^lass  is  cleaned  with  scrupulous  care.  For  each  square  centi- 
metre of  glass  operated  on  15  cubic  centimetres  of  the  silver  solu- 
tion above  described  are  measured  out,  and  from  7  to  10  per  cent 
of  the  solution  of  inverted  sugar  is  added,  both  being  quickly 
stirred  together  and  poured  rapidly  and  evenly  over  the  glass. 
The  reduction  immediately  begins  and  the  solution  exhibits  tints 
passing  through  rose,  violet,  and  black,  till  in  about  seven  min- 
utes it  again  becomes  transparent  and  the  deposit  of  metal  is 
complete.  This  first  deposit  is  extremely  thin  and  allows  the 
transmission  of  bluish  rays.  The  exhausted  solution  with  float- 
ing and  unattached  dust-like  particles  of  silver  is  carefully  wiped 
oflF,  the  silvered  surface  washed  with  distilled  water,  and  again 
treated  with  the  mixed  solutions  to  the  extent  of  half  the  quantity 
used  in  the  first  application.  The  finished  surface  is  wiped  and 
washed  in  the  most  thorough  manner — for  the  least  trace  of  caus- 
tic soda  left  would  destroy  the  mirror.  The  further  processes  are 
the  same  in  both  methods  of  silvering." 

In  Brashear's  process,  already  mentioned,  the  most  important 
thing  is  the  su^ar  solution  forming  the  reducing  agent.  This 
greatly  improves  by  keeping — a  solution  that  has  been  made 
some  months  being  much  more  effective  tlian  a  newly  made  one. 
I  find  it  convenient  to  have  always  some  \Yinchester  quarts  of  it 
in  stock  ready  for  use.  I  have  for  convenience  varied  his  propor- 
tions slightly  and  thus  give  them  as  I  have  found  them  work  so 
wel).    For  the  sugar  solution  I  add  to  a  10%  solution  of  loaf- 


sugar,  in  distilled  water,  10%  of  alcohol  and  Vi%  of  nitric  acid. 
Solutions  of  lO^t  of  nitrate  of  silver  and  of  caustic  potash  arc 
separately  prepared,  the  latter  one  as  wanted.  These,  with  suffi- 
cient ammonia  and  a  very  dilute  solution  of  nitrate  of  silver,  and 
also  a  similar  very  dilute  one  of  ammonia,  are  prepared,  the  latter 
in  order  to  obtain  that  pale  brown  color  of  the  amraonialed 
solution  of  nitrate  of  silver  that  it  is  absolutely  necessary  to 
have  before  adding  the  reducing  agent. 

Having  selected  a  suitable  dish  to  contain  the  liquid,  in  which 
the  mirror  can  be  placed  face  downwards  with  about  Vs  or  % 
inch  of  liquid  underneath,  find  on  the  basis  of  1  of  silver-nitrate 
solution  to  4  ot  the  total  required  liquid  the  amount  of  silver' 
solution  needed;  to  this  add  ammonia  till  the  first  formed  pre- 
cipitate  is  dissolved,  then  add  one-half  of  this  quantity  of  the 
potash  solution  (this  is  a  variation  from  Mr,  Brashear's  formula 
that  I  have  found  works  well),  and  again  add  ammonia  till  the 
mixed  solution  is  quite  clear,  taking  care  to  put  in  only  sufficient 
ammonia  for  that  purpose;  then  add  the  weak  solution  of  ni- 
trate of  silver  till  a  clear  brown  color  is  obtained;  should  this 
become  a  dark  brown  some  of  the  weak  solution  of  ammonia 
will  bring  it  to  a  pale  brown  color,  which  must  persist  if  the  so- 
lution is  left  standing  some  time. 

The  mirror,  previously  cleaned  with  nitric  acid  and  distilled 
water,  and  suspended  in  the  dish  in  distilled  water  of  sufficient 
amount  to  make  up  on  the  addition  of  the  solutions  the  total 
liquid  required,  is  lifted  out  and  the  prepared  solutions  mixed 
with  the  distilled  water  and  an  amnunt  of  the  reducing  sohitian 
equal  to  about  one-half  that  of  the  nitrate  of  silver  solution  more 
or  less  as  the  temperature  is  under  or  over  60*^;  as  soon  as  all  13* 
intimately  mixed  the  mirror  is  immersed  with  one  mo%'ement, 
beginning  by  dipping  the  edge  first  and  lowering  so  as  to  prevent 
any  air  l)nbbles  forming  under  the  glass.  In  from  three  to  five 
minutes  the  silver  begins  to  form  on  the  mirror,  the  solution 
changing  from  pink  to  dark  brown  and  black,  the  film  thtckens 
quickly  and  in  from  twenty-five  to  thirty  minutes  sufficient  silver 
is  deposited.  The  mirror  can  then  be  washed  and  put  to  soak  in 
distilled  water  for  a  few  hours,  then  taken  out  and  dried  and 
polished  in  the  usual  way,  that  is  with  a  soft  pad  of  clean  cham- 
ois, and  g<^ing  all  over  the  mirror  with  light  stroke*  till  the 
bloom  is  all  removed  and  a  fair  polish  is  obtained,  finishing  with 
a  very  little  of  the  finest  washed  rouge,  quite  dry,  lightly  dusted 
on  the  pad;  it  is  very  important  to  well  consolidate  the  film  of 
silver  by  the  unrouged  pad  before  using  any  polishing  powder. 
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It  IS  a  very  good  plan  for  any  one  who  is  not  in  the  habit  of  sil- 
vering, or  to  whom  the  process  is  strange,  to  try  the  proportions 
of  the  solutions  on  some  small  pieces  of  glass  till  a  satisfactory 
proportion  for  the  temperature  (for  that  is  the  chief  factor  in 
varying  the  amount  of  reducing  solution  necessary)  of  the  room 
in  which  he  is  working.  The  most  important  thing  (after  the 
solutions)  is  the  proper  cleansing  of  the  glass,  for  on  the  proper 
preparation  of  the  surface  of  the  glass  a  very  great  deal  depends. 

As  already  stated,  this  process  is  used  when  the  glass  to  be 
silvered  can  be  suspended  in  the  liquid ;  it  is  not  suitable  when  we 
attempt  to  silver  surfaces  face  upwards.  The  mud  formed  settles 
down  and  prevents  any  proper  deposition  of  silver;  this  was  a 
source  of  considerable  trouble  when  it  was  required  to  silver  the 
three-foot  mirror,  and  a  pneumatic  arrangement  was  eventually 
made  to  hold  the  mirror  by  the  back,  so  that  it  could  be  silvered 
face  downwards,  and  up  to  that  size  the  silvering  could  be  man- 
aged. 

The  great  size  of  the  five-foot  mirror  and  its  enormous  weight 
(over  half  a  ton  without  the  cell)  made  it  dangerous  to  suspend 
it,  and  the  question  of  silvering  became  a  serious  one.  In 
making  experiments  in  order  to  get  rid  of  the  mud  formed  in  the 
process  last  mentioned,  it  was  found  that  by  leaving  out  the 
potash  the  silver  was  deposited  from  a  nearly  clear  liquid  and  no 
mud  was  formed  and  the  first  five -foot  mirror  was  very  success- 
fully silveised  in  this  manner.  The  solutions  of  silver  and  sugar 
are  used  in  the  same  proportions  without  potash,  but  it  is  found 
advisible  to  use  a  stronger  total  mixture.  For  subsequent  silver- 
ing of  the  five-foot  mirror  the  Rochelle-salt  process  has  been  used, 
and  this  for  the  deposition  of  the  silver  on  a  surface  face  up  seems 
to  be  the  best,  using,  if  necessary,  two  or  more  applications. 

In  preparing  a  large  mirror  for  silvering  in  this  manner  it  is 
necessary'  to  form  it  into  a  dish  by  using  a  band  of  paraffined 
brown  paper  round  the  edge,  standing  up  an  inch  or  more  all 
round,  and  mounting  the  mirror  on  a  swinging  support,  so  that 
it  can  be  tipped  up  to  throw  off  the  water  or  spent  solutions ;  in 
the  case  of  the  five-foot  mirror,  when  mounted  on  the  machine 
this  tipping  up  could  be  done  by  the  same  arrangement  used  for 
placing  the  mirror  vertical  for  testing. 

The  proportions  of  solutions  used  for  the  five-foot  were  for 
each  application ;  3000  cubic  centimetres  of  silver  solution  as  be- 
fore ammoniated  as  already  described,  and  500  c.  c.  of  Rochelle- 
salt  solution,  with  about  29,000  c.  c.  of  distilled  water;  this  re- 
mained on  the  mirror  28  minutes;   another  similar  application 


was  left  on  for  30  minutes;  after  thorough  washing,  distillc 
water  was  left  on  for  some  hours  and  the  film  dried  and  polished 

A  very  fine  fihu  of  silver  was  deposited  on  a  five-foot  mirrar.T 
using  one  application  only  of  4,000  c.  c.  of  silver  solution  and 
750  c.  c.  of  Rochelle-salt  solution;  this  after  one  year  was  found 
to  be  in  a  very  good  state  indeed ;  this  was  on  the  first  mirror 
which*  from  some  defect  in  the  glass,  could  not  be  made  into  a 
good  mirror.  The  disk  of  glass  was  returned  to  the  makers  to  be 
replaced  by  another.  1  took  this  opportunity  of  removing  and_ 
collecting  the  whole  of  the  silver  by  dissolving  it  in  nitric  acid 
The  assay  of  the  deposit  gave  a  total  weight  of  26.5  grains  of 
silver  on  a  surface  of  2.800  square  inches,  equal  to  a  thickness  of 
Tto^oD^  inch,  almost  exactly;  in  actual  weight  somewhat  between 
that  of  a  threepenn}^  and  afourpenny  piece,  not  a  large  amount 
of  the  4-00  grammes  of  nitrate  of  silver  used  in  depositingthe  film. 
The  actual  waste  need  not  be  very  much,  as  the  chloride  of  silver 
can  be  easily  deposited  by  the  addition  of  common  salt  to  the 
spent  solutions  and  the  silver  thus  recovered. 

It  wn'll  be  seen  that  the  various  processes  all  have  the  ammoni- 
ated  solution  of  nitrate  of  silver,  and  differ  only  in  the  reducing 
agent.  The  preparation  of  this  solution,  in  order  to  get  the  pal 
brown  color  already  spoken  of,  demands  some  care.  If  the  solu- 
tion is  too  strong,  on  the  addition  of  ammonia  a  very  flocTuleni 
deposit  is  formed,  difficult  of  redissolution.  If  after  the  solution 
is  cleared  by  the  addition  of  ammonia  a  strong  solution  of  silver 
nitrate  is  added  to  get  this  color,  this  flocculent  deposit  occurs: 
but  if  the  weak  solution  advised  be  used,  there  is  not  any  diffi^ 
culty  in  getting  the  proper  color  free  from  any  deposit.  This  is 
important,  A  word  of  caution  may  not  be  out  of  place  conccrti*j 
ing  the  production  sometimes  of  a  fulminate  of  silver,  recognia 
by  its  dark  grey  metallic  lustre.  This  is  extremely  liable  to  ex- 
plode with  great  violence  on  the  contact  of  almost  anything;  a 
few  drops  of  water  imce  sufficed  to  explode  some  in  a  l>eaker  and 
blow  it  to  fragments.  By  using  moderately  diluted  solutions 
this  danger  is  obviated.  My  own  experience  is  not  singular  in 
this  respect,  for  Mr.  Brashear  relates  a  similar  occurrence. 

The  silver  film  is  not  always  of  the  same  quality^  and  experi- 
ments are  needed  to  get  more  information  as  to  what  determines 
the  greater  density  and  coherence  of  some  films  over  other*.  I 
have  had  surfaces  of  glass  silvered  experimentally  where  tiie  film 
would  not  wash  off  with  any  amount  of  wet  rubbing.  th« 
mostly  on  surfaces  that  had  been  silvered  many  limes.  Frobablj 
the  glass  in  this  case  was  in  tlic  best  state  to  receive  the  oew 
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deposit;  certainly  the  condition  of  the  surface  does  affect  the 
coherence  of  the  silver  as  well  as  the  amount  of  the  deposit,  as 
judged  by  the  way  in  which  certain  parts  on  a  mirror  that  has 
been  incompletely  cleaned  show  that  the  deposition  has  begun 
long  before  other  parts,  necessarily  resulting  in  an  unequal  thick- 
ness of  film.  With  the  most  careful  cleaning  of  a  mirror  I  have 
often  found  that  the  first  application  did  not  succeed,  but  the  sec- 
ond on  the. surface  just  cleaned  off  with  nitric  acid  was  all  right. 
The  nature  of  the  liquid  other  than  distilled  water  last  in  contact 
with  the  surface  of  the  mirror  seems  to  be  the  determining  thing. 
—Observatory,  October,  1892. 
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Since  the  year  1885  a  very  remarkable  phenomenon  has  been 
noticed  in  the  sky  in  our  latitude,  which  is  of  a  nature  to  greatl3^ 
excite  the  interest  of  astronomers  and  geophysicists.  The  essen- 
tial substance  of  what  has  been  learned  so  far  through  observa- 
tions regarding  the  phenomenon  of  the  so-called  luminous  night- 
clouds  is  in  brief  the  following : 

For  the  latitude  of  Berlin  the  phenomenon  is  visible  only  dur- 
ing a  comparatively  short  portion  of  the  year,  namely  from  the 
23d  of  May  until  the  11th  of  August.  While  in  the  first  years  it 
was  seen  quite  frequently,  and  before  midnight,  during  the  last 
four  years,  it  has  appeared  in  nearly  every  instance  after  mid- 
night only.  The  phenomenon  shows  itself  in  the  form  of  cirrus- 
clouds  which  stand  out  bright  against  the  twilight  sky.  This  es- 
pecially distinguishes  them  from  the  ordinary  cirrus-clouds  which 
with  the  depression  of  the  Sun  at  which  the  luminous  clouds  are 
seen  at  present,  appear  dark  on  the  light  twilight  sky.  The  color 
of  the  phenomenon  is  generally  a  bluish  white  which  becomes 
yellowish  and  reddish  in  the  close  proximity  of  the  horizon. 

Frequent  photographs  which  have  been  taken  simultaneously 

at  various  points  in  the  neighborhood  of  Berlin,  show  that  the 

altitude    of  the  luminous  clouds,   is    constant    and  exceedingly 

great,   namely  equal  to   82  kilometres.    In  consequence  of  this 

great  altitude  they  receive  light  from  the  Sun  when  it  is  below  the 

horizon,  which  makes  them   appear  light  on   the  twilight  sk}-. 

They  are  visible  only  so  long  as  the  Sun  shines  on  them  ;  as  soon 
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as  the  shadow  of  the  Earth  passes  over  thein,  they  becorae  invisi- 
ble. As  a  rule  they  commence  in  the  morning  shortly  brfore  the 
twilight  begins,  and  they  disappear  as  »oon  as  the  Sun  is  less 
than  8°  to  10^  below  the  horiaion. 

Of  late  years  these  clouds  have  been  seldom  seen.  Within  ;m 
period  above  stated,  they  have  occured  only  about  ten  timet,! 
while  in  the  first  year  they  were  quite  frequent.  Their  appearance 
is  subject  to  great  changes.  While  they  frequently  consist  of  only 
a  few  little  luminous  streaks  or  patches,  at  times  they  appear  of 
greater  extent  and  with  a  more  intense  light.  Especially  in  the 
last  days  of  the  period  from  the  2d  until  the  6th  of  August  th€ 
light  seems  to  be  considerable  in  our  latitudes.  They  arc  gene 
ally  observed  in  the  vicinity  of  the  horizon,  and  over  that  pai 
below  which  the  Sun  is. 

Judging  from  the  frequent  observations  regarding  the  move- 
ments of  the  phenomenon,  which  after  midnight,  are  always  from 
the  direction  NE  ^  40^,  it  is  most  probable  that  the  movements 
nrc  caused  principnllv  br  a  resisting  medium  of  the  inter-plane- 
tary space.  In  accordance  with  this  is  the  fact  that  in  the  half 
year  after  its  appearance  in  this  country  the  phenomenon  has 
been  observed  repeatedly  in  the  southern  latitude  of  53°,  viz.,  by 
the  meteorological  observer  Mr.  Stubenrauch  in  Gunta  Armas 
well  as  several  times  by  ship  captains. 

Other  observations  also  confirm  the  assumption  of  such  an 
annual  movement,  for  instance  at  Grahamtown  in  33"^  south  lati- 
tude the  phenomenon  w*as  observed  on  the  27th  of  Ocloi 
1890,*  and  at  Haverford  in  40^  north  latitude,  according 
written  information,  it  w^as  observed  on  the  17th  of  May  1803 
These  times  are  so  related  that  from  them  in  connection  with  th€ 
time  of  tlie  appearance  in  this  country,  the  conclusion  may  he  di- 
rectly drawn  that  there  is  a  movement  of  the  phenomenon  from 
north  to  south  and  back. 

The  luminous  night  clouds  decrease  year  after  year  in  reHpcct  to 
the  frequency  of  their  appearance  as  well  as  to  their  extent  and 
to  their  intensity  of  light.  Although,  according  to  this,  tlic  phe- 
nomenon will  have  entirely  disappeared  within  a  few  years,  it 
seems,  that  during  the  next  year  observations  will  still  be  pas- 
sible, which  may  give  us  information  regarding  several  qaeslioDS 
of  ex  t ra ord i n ary  i  m port ance. 

For  this,  measurements,  especially  of  the  apparent  altitude  of 
the  upper  limits  of  the  luminous  clouds,  mainly  at  the  time  in 
which  the  upper  limit  of  the  twilight  segnjcrit  has  the  compara* 
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lively  small  altitude  of  say  1°  to  10°,  would  be  of  great  value. 
The  measurements  will  serve  to  decide  the  question  whether  the 
altitude  of  the  clouds  varies  in  different  geographical  latitudes ; 
providing  that  the  estimates  always  refer  to  points  which  lie 
within  the  upper  limits  of  the  clouds,  produced  by  the  shadow  of 
the  Earth. 

Since  the  last  year  the  whole  of  the  twilight  segment  is  compar- 
atively seldom  filled  out  by  the  luminous  night  clouds,  and  it 
may  therefore  frequently  be  doubtful  whether  the  highest  point 
of  the  phenomenon  really  lies  at  the  limit  of  the  Earth's  shadow. 
In  order,  therefore,  to  make  sure  that  the  measurements  will  ans- 
wer the  said  purpose,  it  is  necessary  to  repeat  them  as  often  as 
possible  at  intervals  of  a  few  minutes.  In  the  evening,  besides 
this,  this  limit  is  generally  found  by  the  fact  that  within  it  parts 
of  the  phenomenon  disappear  from  above,  while  towards  morn- 
ing new  parts  always  become  visible  at  this  limit  as  it  moves  up- 
wards. The  distance  of  the  zeniths  from  the  upper  limit  of  the 
luminous  clouds  in  the  vertical  of  the  Sun,  for  the  latitude  of 
Berlin,  presuming  that  the  phenomenon  now  stretches  over  the 
whole  of  the  twilight  segment,  may  be  seen  from  the  following 
statement : 


Depression  of  the  Sun 

Zenith  Distance  of  the 

Below  the  Horizon. 

uppermost  Limit. 

12.0 

80 

12.5 

83 

13.0 

85 

13.5 

86 

14.0 

87 

Moreover,  as  by  means  of  a  telescope  the  upper  limit  of  the 
phenomenon  is  generally  seen  a  little  higher  than  with  the  naked 
eye,  the  more  so  the  stronger  light  gathering  power  of  the  tele- 
scope is,  it  is  desirable  that  the  telescope  should  always  be  ad- 
justed to  the  limit  line  seen  with  the  naked  eye.  A  comparison  of 
the  appearance  seen  with  the  naked  eye,  and  the  one  seen  in  the 
telescope,  will  help  in  easily  finding  the  line  corresponding  with 
the  one  seen  with  the  naked  eye.  The  exactitude  of  these  meas- 
urements must  be  within  about  3'  to  6'  in  azimuth  and  altitude, 
while  the  time  should  be  exact  within  2  to  4  seconds. 

The  employment  of  photographic  apparatus  is  of  advantage 
for  the  indication  of  the  place  as  well  as  of  the  movements  of  the 
phenomenon.  But  only  such  apparatus  is  suitable  of  which  the 
proportion  of  the  diameter  of  the  aperture  to  the  focal  distance 
is  at  least  1  :  4  or  greater.  If  the  proportion  were  smaller,  the 
duration  of  exposure  wottld  have  to  be  too  long,  and  conse- 


quently.  on  account  of  the  rapid  changes  of  the  phenoraenon,  the 
details  would  be  lost*  With  an  apparatus  of  which  the  proper- 
tion  of  the  aperture  to  focal  distance  is  1  :  3,  the  duration  of  ex- 
posure for  the  vanous  depressions  of  the  Sun  below  the  horizon^ 
under  the  condition  that  the  phenomenon  is  bright  in  some  de- 
gree, is  as  follows ; 


D«prc*«ion  of  the  Stin 

Duration  of 

Below  tljp  Ilortvoti. 

Bxtjosure. 

« 

'J 

16 

1  n 

21 

11 

27 

12 

35 

13 

48 

14 

72 

15 

122 

Generally  at  the  same  time  stars  become  visiljle  on  the  photc 
graphic  plate»  through  which  together  with  the  time  of  exposur 
the   direction  of  adjustment  of  the  apparatus  is  ascertained; 
(that  is  to  say:  the  position  of  the  axis  of  the  apparatus  is  aa 
ccrtaincd). 

With  regard  to  the  equator  region,  it  is  of  great  value  to  care- 
fully observe  the  time  when  the  luminous  night-clouds  pal 
through  these  regions.  According  to  the  ol)servations  made 
to  the  present,  the  passage  across  the  equator  may  take  place  lie- 
tween  the  beginning  of  September  and  the  end  of  October,  and 
the  return,  between  the  beginning  of  March  and  the  end  of  April, 
In  20*^  south  latitude  the  passage  will  take  place  from  the  middle 
of  September  to  the  middle  of  November,  and  from  the  middle  of 
February  to  the  middle  of  April,  and  in  20"^  north  latitude,  from 
about  the  middle  of  March  to  the  middle  of  May,  and  from  the 
middle  of  August  to  the  middle  of  October.  Besides,  in  i^ 
quence  of  the  daily  rotation  of  the  Earth  on  its  axis,  togt 
with  the  distinct  movements  of  the  Earth's  atmosphere,  it  may 
be,  that  the  passage  across  the  equator  does  not  take  place  in 
the  simple  manner  hei*e  described.  It  does  not  seem  to  be  oi 
likely,  that  the  periods  are  not  limited  as  exactly  as  stated. 

Moreover,  it  is  probable  that  the  luminous  night-cloud^  <f^ 

of  a  kind  of  gas,  which  is  condensed  in  consequence  of  ti  cr 

temperature  prevailing  at  the  altitude  of  82  kilometres.  Upon 
the  question  regarding  the  kind  of  this  gas,  several  other  cost- 
mical  questions  depend ;  for  instance,  with  respect  to  the  tem- 
perature of  the  air  of  the  inter-planetary  space,  and  the  tempera- 
ture  of  the  atmosphere  in  the  altitude  of  82  kilometres,  which 
will  be  answered  through  comparing  experiments  in  the  labora* 
tory.    For  this  purpose,  photographs  of  the  spectrum  of  sunlight 
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at  low  altitudes  of  the  Sun,  in  the  season  in  which  the  phenome- 
non of  the  luminous  night-clouds  is  seen,  are  of  great  value. 
Such  spectrum  photographs  should  be  taken  in  the  evening, 
shortly  before  sunset,  and  in  the  morning,  shortly  after  sunrise. 

It  appears,  that  in  the  northern  regions  of  the  Earth,  at  about 
70°  latititude,  during  the  period  from  the  middle  of  June,  until 
the  middle  of  July,  an  extra  great  accumulation  of  clouds  takes 
place,  which,  however,  because  of  the  Sun,  is  constantly  above 
the  horizon  during  this  time,  will  be  hardly  visible.  It  will  there- 
fore be  of  special  advantage,  for  this  region,  to  take  spectrum 
photographs  of  sunlight  at  low  altitudes. 

The  above  short  remarks,  regarding  the  importance  of  the  phe- 
nomenon, in  relation  to  cosmical  problems,  will  show  sufficiently, 
that  the  observations  necessary  for  the  investigation  of  the  same 
essentially  belong  in  the  sphere  of  work  of  astronomers  and  geo- 
physicists.  There  can  be  no  doubt,  that  the  observations  neces- 
sary for  the  solution  of  these  problems,  far  exceed  the  province  of 
a  single  institution.  The  request  is  therefore  issued  to  all  those 
observers  who  take  interest  in  the  furtherance  of  the  questions 
indicated,  to  assist  through  one  or  the  other  kinds  of  observa- 
tion indicated  above,  in  the  investigation  of  the  luminous  night- 
clouds.* 

Royal  Observatory,  Berlin,  September,  1892. 


THE  TOTAL  ECLIPSE  OF  THE  SUN,  I893. 
JOHN    ivING  t 

As  I  have  been  asked  by  some  astronomers  to  give  a  description 
of  the  general  appearance  and  climate  of  this  part  of  Chile,  in 
which  a  total  eclipse  of  the  sun  occurs  next  3'ear,  I  have  drawn 
up  for  publication  the  following  account : — 

The  eclipse  takes  place  on  April  16,  1893,  at  about  8.15  a.  m., 
Chile  local  time,  and  will  be  seen  to  the  greatest  advantage  in 
this  part  of  the  Province  of  Atacama. 

At  the  sea  coast  the  central  line  of  total  eclipse  passes  close  to 
Chanaral  29°  S.  L.  This  is  not  the  better  known  Chanaral, 
north  of  Caldera,  but  a  small  place  equidistant  from  Coquimbo 

•  A  pablication  "Die  Icuchtendem  Nachtwolkcn"  by  O.  Jesse,  which  may  be 
expected  within  the  next  month,  will  contain  details  in  full  regarding  the  present 
state  of  this  problem. 

t  British  Vice  Consul,  Carrizal  Bajo,  and  engineer  of  the  Carrizal  and  Cerro 
Blanco  railway. 


and  Carrizal  Bajo.  The  southern  limit  of  total  eclipse  is  29*^  50' 
S.  L.  just  north  of  Coquimbo^  and  the  northern  limit  28"^  10%  just 
south  of  Carrizal  Bajo, 

The  band  of  total  phase  stretches  between  these  two  limits  in  ii 
north-easterly  direction,  across  the  country,  from  the  coast 
towards  the  rising  sun.  xMong  the  central  line  of  this  band  the 
sun  will  be  hidden  by  the  moon  for  nearly  three  minutes.  The 
eclipse  will  be  total  everywhere  within  the  limits  given  above, 
but  the  total  phase  will  be  shorter  and  shorter  the  nearer  those 
limits  are  approached,  and  outside  of  them  the  eclipse  will  be  par- 
tiaL 

On  the  accompanying  map  of  the  Carrizal  and  Cerro  Blanco 
and  Copiapo  Railway  systems  I  have  marked  the  northern  and 
southern  limits,  and  the  central  line  of  totality. 

It  will  be  seen  that  the  port  of  Carrizal  Bajo,  28^  4'  S.  L,,  is  just 
outside  the  total  band,  but  the  railway  connecting  it  with  Verba 
Buena  intersects  the  central  line  of  total  eclipse  70  miles  inland, 
and  a  branch  to  Merceditas,  60  miles  inland,  at  an  altitude 
sufficiently  high  to  be  above  the  damp  and  hazy  atmosphere  of 
the  coast»  At  the  points  of  intersection  the  climate  is  simply  per- 
fect for  astronomical  observations,  and  is  also,  during  the  month 
of  April,  delightful  to  live  in. 

The  accompanying  form  was  filled  up^  in  compliance  with  a 
quest  from  Amherst  College  Observatory,  to  show  the  cloud  co 
ditions  in  the  inland  region  during  the  month  of  April  this  y< 
as  an  indication  of  what  might  be  expected  during  the  sa 
month  next  year. 

I  had  two  series  of  observations  made,  one  at  Mina  Bronccs  b; 
Mr.  Martin,  chemist  to  the  works  (the  results  of  which  arc  here! 
ap|iended),  the  other  at  Cerro  Blanco  by  Senor  Miranda,  at  his 
mine.  Both  reports  are  in  every  respect  alike.  The  10th  and 
27th  were  cloudy,  all  the  other  days  absolutely  clear.  As  the  two 
stations  are  some  twenty-five  miles  apart,  these  reports  show 
that  there  is  no  local  weather,  and  that  it  is  only  when  a  general 
atmospheric  disturbance,  originating  in  the  Cordillera  de  lo?t  An- 
des, occurs  that  the  weather  is  affected  at  these  high  stations. 

It  will  be  seen  that  there  was  onl}^  one  day— the  27th — out  of 
twenty-one  days  of  observation  on  which  the  sun  was  not  \4siblc 
at  eight  o'clock  in  the  morning,  for  on  the  other  cloudy  day — the 
10th— the  sun  was  bright  at  intervals. 
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Cloud  Observations  at  ''Mina  Bronces,''  Chile,  1892. 


Lrocal  time. 

Remarks. 

Day. 

7:45 

A.  M. 

8:15 

A.  M. 

8:45 
A.  M. 

April  10 

2 

2 

2 

Clouds  were  ligbt,  allowing  a  slight  shadow  to  be 
cast.    Bright  Sun  at  intervals. 

"      11 

2 

0 

0 

Clouds  were  on  the  horizon,  so  that  the  Sun  rose 
above  them  at  8  o'clock. 

"       12 

0 

0 

0 

Perfectly  clear  sky. 

*      13 

0 

0 

0 

Perfectly  clear  sky.    Sun  rose  at  6:22  a.  m. 

"      14 

0 

0 

0 

Sun  rose  at  6:22  a.  if. 

"      15 

0 

0 

0 

Fresh  wind.    Sun  rose  at  6:23  a.  h. 

"      16 

0 

0 

0 

Sun  rose  at  6:24  a.  m. 

..      ^7 

0 

0 

0 

"      18 

0 

0 

0 

Slight  haze  at  sunrise.    Sun  rose  at  6:25  a.  M. 

"      19 

2 

0 

0 

Bank  of  clouds  near  north-east  horizon,  which  the 
Sun  rose  above  at  8.05. 

*'      20 

0 

0 

0 

Sun  rose  at  6:26  a.  m. 

*'      21 

0 

0 

0 

"       6:27    " 

*'      22 

0 

0 

0 

"       6:28    "    Strong  wind. 

"      23 

0 

0 

0 

•*         •*       6:29    "         **          ** 

.<      24 

0 

0 

0 

"      25 

0 

0 

0 

•*      26 

0 

0 

0 

• 

"      27 

4 

3 

3 

Haze  thick  at  8:15  a.  m.,  but  Hght  at  8:45  a.  h. 

..      28 

0 

0 

0 

Sky  got  cloudy  at  midday. 

"      29 

0 

0 

0 

"      30 

0 

0 

0 

Key. 

0  =  •*  Sun  entirely  clear  from  clouds." 

1  =  **  Clouds  generally  scattered." 

2  ==  '*  Clouds  massed  about  the  Sun." 

3  ^  "  Sun  in  haze  or  fog. 

4  ==  "  Sun  invisible  in  thick  clouds." 

Observatory  Stations. 

I  have  marked  on  the  map,  along  the  central  line  of  totality, 
several  stations  that  I  think  suitable!  for  observatories ;  the  posi- 
tions are  only  approximately  correct,  for  I  have  no  means  of  de- 
termining them  accurately,  but  the  errors,  if  any,  cannot  be  great. 

Undemoted  are  heights  above  sea  level  of  some  places  shown 
on  the  map : — 

Verba  Buena  railway  terminus 3,867  feet 

Cerro  Blanco,  north  hill 10,000  " 

south,  Peineta 8,000  " 

Carrizo,  in  the  valley,  a  small  farm 5,000  " 

Merceditas  railway  station 2,900  " 

Cerro  del  Jotc 6,000  " 

Cerro  del  Cobre 8,000  " 

Lay  observatory 4,000  " 

Cerro  de  Peineta  is  part  of  Cerro  Blanco ;  this  Cerro  Blanco  is 
not  part  of  the  Andes,  but  a  detached  hill  with  low  ground  all 
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rotindy  and  a  clear  view  to  the  north-east.  It  is  easily  ascended 
by  pack-mules. 

Carrizo  is  not  a  hill,  but  a  small  farm  or  large  garden,  irrigated 
by  a  motintain  stream.  The  advantages  of  this  station  are : 
nearness  to  the  railway,  a  good  road,  and  plenty  of  small  hills  of 
easy  ascent  to  select  from. 

Cerro  del  Cobre  is  a  good  hill,  but  probably  too  far  south. 
However,  there  are  hills  all  the  way  from  Merceditas  that  might 
be  selected  (see  Mr.  Martin's  letter). 

Serra  deljote,  near  Merceditas,  is  accessible  to  pack-mules  half- 
way up,  higher  than  which  it  would  not  be  necessary  to  go. 
Moreover,  it  is  said  that  the  rest  of  the  ascent  is  difficult.  The 
three  hills,  Cerro  de  Peineta,  Cerro  del  Cobre,  and  Cerro  del  Jote, 
can  all  be  seen  from  one  another. 

Lay  Observatory.  On  April  15  I  went  to  Merceditas  and 
stayed  overnight,  as  I  wished  to  find  near  the  railway  station  a 
hill  on  which  the  sun  shone  at  an  early  hour  on  the  morning  of 
the  16th,  through  some  opening  among  the  surrounding  hills, 
and  which  would  be  suitable  for  ordinary  lay  observers  who  had 
no  expensive  apparatus,  but  who  wished  to  see  the  eclipse  well 
throagfa  a  smoked  or  colored  glass.  To  the  south  of  the  rail- 
way station  I  found  a  range  of  hills  eminently  suited  to  the  pur- 
pose; at  a  height  of  4000  feet  above  the  sea  the  sun  shone  over  a 
dent  in  the  Jote  at  6.40  a.  m.  The  hill  is  much  higher  than  4000 
feet,  but  I  did  not  go  higher.  This  is  an  excellent,  well-sheltered 
spot,  and  would  do  well  as  a  station  for  professional  astrono- 
mers. I  went  up  on  horseback  in  forty  minutes,  but  the  ascent, 
from  the  railway  station,  could  be  easily  made  on  foot  in  an 
hour.  As  I  could  not  find  any  local  name  for  this  hill,  I  called  it 
the  Lay  Observatory. 

Climate. — ^At  two  o'clock  in  the  afternoon  of  April  15  the  tem- 
perature at  Merceditas  was  78°  P. ;  this  was  the  hottest  time  of 
the  day,  and  it  was  a  warmer  day  than  usual,  and  at  8  p.  m.  the 
temperature  was  62°  P.  Next  morning,  the  16th,  I  got  up  at 
two  o'clock  to  see  the  comet  then  visible,  and  found  the  tempera- 
ture was  58°  ;  at  5  A.  m.  it  was  56°. 

Everywhere  on  the  coast  of  Chile,  north  of  Coquimbo,  the  sun, 
in  the  morning,  is  almost  always  obscured  by  a  thick  haze  which 
makes  the  sky  of  a  dull  lead  color.  This  haze  is  sometimes  driven 
away  by  the  sun  during  the  forenoon,  but  just  as  often  it  re- 
mains all  day,  especially  during  the  months  of  March,  April  and 
May. 

The  hazy  morning  atmosphere  extends  inland  for  a  distance  of 


about  forty  miles,  and  up  to  an  elevation  above  the  sea  of  about 
2,500  feet;  beyond  this  distance  and  height  the  sky  is  almost 
always  clear  and  the  air  dry.  Standing  in  the  early  morning,  on 
a  mountain  of  3,000  to  4,000  feet  or  higher,  you  looked  down  on 
a  great  white  sea  of  mist  covered  with  whiter  ridges  like  mo* 
tionless  waves,  and  studded  here  and  there  with  islands  which 
are  the  mountain  tops  piercing  through.  This  haze  is  usuallv 
gone  by  nine  o'clock,  except  within  about  five  miles  of  the  sea. 

Accommodation  on  the  /////s.— Tents  can  be  quickly  and  cheap- 
ly made  with  the  '^esteros  de  totora,*'  that  is,  mats  made  of 
reeds.  All  the  more  temporary  houses  of  miners  and  prospector* 
and  of  railway  track  repairers  are  made  of  these  mats  which  are 
seven  feet  squarci  and  ma3'  be  rolled  up  and  carried  from  place  to 
place.  Tlie\^  form  an  article  of  commerce,  and  cost  eighteen 
pence  each,  or  from  eighty  to  ninety  cents  of  Chile  paper  currency. 
During  the  month  of  April  and  part  of  May  it  is  quite  safe  to 
trust  to  this  kind  of  tent,  but  not  later  than  the  middle  of  May, 
for  rain  or  snow  sometimes  falls  in  the  end  of  that  month. 

There  are  no  venomous  reptiles  in  Chile,  nor  are  there  mosqui- 
toes on  these  hills,  and  fleas  cannot  live  at  an  altitude  of  4,000^ 
feet— no  slight  advantage. 

Rain, — On  the  Chilian  side  of  the  Andes,  in  the  province  of  Ata- 
cama,  rain  generally  falls  twice  in  the  year:  the  first  rain  is  ex- 
pected in  June,  the  next  in  July,  each  rain  usually  lasting  two 
days,  and  always  accompanied  with  wind  from  the  north.  A*| 
soon  as  the  wind  changes  to  its  prevailing  quarter,  the  south, 
there  is  beautifully  clear  but  cold  weather.  From  two  to  three 
inches  of  rain  fall  in  the  year^  but  sometimes  less  than  one  inch. 
On  Cerro  Blanco  it  usually  freezes  ever>^  night  from  July  till  the 
end  of  August,  and  some  snow  lies  on  the  mountain  till  Septem- 
ben  On  the  hinsides  there  are  plenty  of  bushes  and  small  trees! 
for  firewood,  and  excellent  water  is  found  in  all  the  higher  valleys. 

I  have  heard  one  objection  to  this  district  for  observing  the 
eclipse,  which  is  that  as  the  eclipse  takes  place  in  the  morning,  and 
the  sun  is  not  high  in  the  sky,  it  would  be  better  to  go  farther 
east.  This  objection  has  no  w^eight,  on  account  of  the  extreme 
dryness  of  the  atmosphere.  At  the  mines  on  Cerro  Blanco  and 
the  other  hills  everything  gets  dried  up;  Huasco  raisins  grow 
hard  and  rattle  on  one's  plate  like  nuts;  agricultural  produce, 
such  as  wheat,  beans  and  barley,  brought  from  Southern  Chile 
as  food  for  man  and  beast  at  the  mines,  loses  two  per  cent  of  its 
weight  every  month  for  several  months,  office  ink  bottles  hare  ta- 
be  kept  tightly  corked  or  the  ink  very  soon  dries  up,  chairs  and] 


mm 


John  King,  869 


tables  fall  to  pieces,  veneer  peels  off,  and  a  piano  soon  loses  its 
tone.  The  sky  is  dark  blue,  and  the  sun  rises  white  and  dazzling 
without  a  trace  of  any  other  color.  The  hills,  the  rocks,  and  the 
bushes  cast  dark  shadows,  and  even  every  pebble  the  size  of  a 
hazel  nut  casts  its  shadow,  so  that  in  the  early  morning  the  grav- 
elly ground  seems  half  wetted  w4th  a  shower ;  one  side  of  every 
pebble  is  in  bright  light,  the  opposite  in  deep  shadow. 

Although  the  eclipse  would  be  the  object  of  greatest  interest  to 
visitors,  a  few  weeks  might  be  profitably  spent  among  the  copper 
mines,  and  if  any  one  wished  to  become  a  mine  owner,  plenty  of 
mines  are  to  be  had  for  the  asking.  All  the  mines  belong  to  the 
State.  You  have  only  to  take  up  a  mine,  pay  a  nominal  license 
to  the  government  annually,  and  the  mine  is  yours  as  long  as  you 
pay  the  license.  There  are  no  royalties,  no  surface  rents  and  no 
export  duties.  The  next  thing  to  do  is  to  make  the  mine  pay, 
and  this  is  sometimes  done. 

There  is  no  sport  in  April,  but  after  snow  falls  on  the  Cordillera, 
huanacos  and  immense  flights  of  turtle-doves  come  down  to  feed 
on  the  lower  slopes.  Life,  however,  is  never  wanting.  The  re- 
gion from  Cerro  Blanco  southward  as  far  as  Coquimbo  is  the 
home  of  the  fur  chinchilla.  It  feeds  on  the  nut  of  the  carbon  tree, 
Cordia  decandra  (Hook,  et  Am.),  and  on  the  pea  of  the  algarro- 
billo,  Balsamocarpon  brevifolium  (Clos.).  This  bush  which  pro- 
duces the  tannin  pod  of  commerce,  thrives  best  far  inland,  on 
sunny,  almost  rainless  slopes,  but  it  must  have  one  shower  in  June 
or  July,  otherwise  it  bears  no  fruit.  If  there  be  no  rain  for  three 
or  four  years— as  sometimes  happens— the  bushes  do  not  die — 
they  just  wait.  The  same  thing  happens  with  all  the  other 
bushes;  sometimes  for  several  successive  years,  they  are  without 
leaves,  and  though  the  soil  seems  as  dry  as  dust,  whenever  rain 
comes  they  show  themselves  full  of  life. 

British  astronomers — professional  and  amateur — ought  not  to 
lose  the  opportunity  of  observing  under  such  favorable  circum- 
stances this  great  eclipse.  I  doubt  if  better  conditions  were  ever 
oflfered  before.  The  distance  to  come  is  long,  but  the  expense  is 
not  very  great,  and  can  be  exactly  counted  beforehand.  An  expe- 
dition might  leave  Liverpool  in  February  by  Straits  of  Magellan 
steamer,  and  be  home  again  in  June.  Or,  after  the  eclipse  go  by 
steamer  to  San  Francisco  or  Vancouver,  and  thence  by  rail  to  the 
World's  Fair  at  Chicago,  and  instead  of  encountering  hardship 
and  danger  in  some  unhealthy  climate,  have  a  pleasant  trip  all 
the  way. 

Though  horses  and  mules  can  be  got  here  everyone  should  bring 
a  saddle  and  bridle. 


870 


The  Proper  Motion  of  2  1604. 


In  conclusion  I  would  impress  on  the  members  of  every  expedi- 
tion that  nia^^  come  out,  the  importance  of  selecting  as  observing 
stations,  places  at  a  distance  of  at  least  60  or  70  miles  from  the 
sea.  On  the  other  hand,  the  advantages  of  going  further  inland 
are  doubtful,  and  as  the  railways  go  no  farther,  traveling  wonld 
be  more  difficult. 

Carrizal  Bajo,  Province  of  Atacama,  Chile,  May,  1892. 


ON  PROPER  MOTION   OF  2  1604, 


S.  W.  BURNHAM, 


"'^is  is  one  of  the  wide  triples  of  Struve's  Catalogue,  The  more  ■ 
distant  of  the  two  companions  is  now  much  nearer  the  primary* 
than  it  was  at  the  time  of  the  first  measures  by  Struvc;  while 
the  change  in  the  other  has  been  very  small.  It  is  well  known 
that  the  apparent  motion  of  C  is  rectilinear,  and  due  to  the 
proper  motion  of  A,  The  other  companion  has  practically  the 
same  proper  motion  as  A|  the  entire  change  of  distance  in  sixty 
years  being  but  Httle  more  than  V\  The  proper  motion  of  the 
principal  star  as  given  by  Stumpe  is  0".354  in  the  direction  of 
120^,6.  This  is  probabh'  based  upon  meridian  observations. 
The  micrometer  measures  of  C  give  a  somewhat  different  result. 


•'    ,i     **' 


^  D^  JC^Z. 


1  mi. 


It  might  be  said  that  C  may  have  some  proper  motion  of  its 
own,  and  that  therefore  the  other  value  is  not  neccstsarily  in  er- 
ror. While  this  may  he  the  fact,  it  seems  inipropable  for  the  rca* 
son  that  the  difference  between  the  two  values  is  not  a  lar^ 
error  in  meridian  positions  of  stars  to  which  attention  bus  n< 
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been  specially  directed.  The  measures  of  C,  assuming  that  star 
to  be  fixed,  give  an  annual  proper  motion  for  A  of  0''.289  in  the 
direction  of  107°. 8.  If,  however,  the  other  value  given  for  the 
movement  of  this  star  is  correct,  then  C  has  a  motion  of  its  own 
of  about  O'M  per  year  in  the  direction  of  160°.  This  question 
can  be  best  settled  by  connecting  A  with  some  other  star. 

The  following  is  a  complete  list  of  the  measures  of  both  com- 
panions, including  my  recent  observations  with  the  12-inch  re- 
fractor at  Mt.  Hamilton : 


A  and  B. 

1831.95 

93.3 

11.98 

Strove 

3n 

1835.4.0 

89.9 

12   ± 

Hcrschcl   II 

In 

184+.34. 

94.8 

11.01 

Madler 

In 

1856.4.0 

92.8 

11.75 

Secchi 

In 

1863.31 

94.6 

11.38 

Hall 

In 

1865.63 

92.5 

11.21 

Dembouski 

7n 

1869.85 

91.6 

11.37 

Duner 

2n 

1877.40 

91.5 

11.60 

Flammarion 

In 

1879.33 

91.1 

11.32 

Burn  ham 

In 

1879.35 

89.7 

11.46 

Cincinnati 

In 

1880.30 

91.1 

11.44 

Pritchctt 

2n 

1881.36 

90.7 

11.20 

Bigourdan 

In 

1883.15 

91.8 

11.13 

Englemann 

6n 

1884.58 

91.4 

11.40 

Wilson 

2n 

1890.35 

90.3 

10.37 

Glasenapp 

2n 

1892.37 

91.5 

10.70 
A  and  C. 

Bumhcam 

3n 

1831.95 

96.9 

58.00 

Struve 

3n 

1835.40 

93.0 

60  ± 

Herschel  11 

In 

1856.40 

95.2 

50.38 

Setchi 

In 

1863.31 

94.6 

48.51 

Hall 

In 

1864.70 

94.8 

47.68 

Dembouski 

6n 

1869.85 

94.0 

45.96 

Duner 

2n 

1871.17 

94.1 

45.64 

Dembouski 

In 

1877.37 

93.5 

43.95 

Schiaparclli 

2n 

1877.40 

93.1 

41.92 

Flammarion 

In 

1879.33 

93.3 

42.92 

Bumham 

In 

1879.33 

93.1 

43  21 

Schiaparelli 

In 

1879.35 

93.5 

43.97 

Cincinnati 

In 

1880.30 

92.9 

42.62 

Pritchett 

2n 

1881.34 

92.7 

42.68 

Schiaparelli 

In 

1881.36 

92.9 

42.88 

Bigourdan 

In 

1M82.38 

93.2 

42.06 

Schiaparelli 

In 

1883.37 

93.1 

41.69 

Schiaparelli 

In 

1883.53 

92.6 

41.85 

Engelniann 

5n 

1884.37 

93.0 

41.53 

Schiaparelli 

5n 

1884.58 

92.3 

42.00 

Wilson 

3n 

188.i.40 

93.0 

41.27 

Schiaparelli 

In 

1890.35 

91.9 

39.23 

Glasenapp 

2n 

1892.37 

91.9 

39.19 

Burn  ham 

3n 

The  magnitudes  of  A,  B  and  C  in  Struve  are  respectively  6.5, 
9.0  and  7.8.  The  principal  star  is  Virginis  59  {=-  Lalande 
22798),  and  the  bright  companion  to  Lalande  22803.  The  three 
stars  are  found  in  the  Argentine  General  Catalogue,  the  magni- 


tudes  being  7,  8Va  and  8.    Herschel  called  B  "very  ruddy,*'    The 
nearest  approach  of  C  will   be  about   the  year  2022.  when  itS| 
distance  from  A  will  be  nbout  the  same  as  the  present  ilist.'incc  of 
B. 
Chicago,  Nov.  10,  1892. 


A  FREE  ESCAPEMENT   WITH  A   PERFECTLY   INDEPENDENT   BAL- 
ANCE OR  PENDULUM.* 


0.  APPBL,  Ci.svBiJL2ri»t  O. 


In  the  early  part  of  the  year  1884,  while  occupied  with  a  study 
on  free  escapements,  I  was  on  March  10  of  the  same  year  led  to 
the  discover}'  of  a  new  principle  for  a  free  escapement  with  a  jier-^ 
fectly  independent  balance  or  pendulum  with   unlimited  oscilla-j 
tions. 

In  common  practice  the  transmission  of  power  to  the  balance  is 
eftected  directly  through  the  esc.ipcmcnt,  whereas  in  the  new 
principle  the  balance  derives  its  impulse  through  the  hair  spring. 
This  is  accomplished  by  having  the  free  end  of  the  hair  spring  ar- 
ranged to  be  movable.  The  performance  of  the  w*heel  train  con* 
sists  in  moving  to  and  fro^  at  the  proper  moment,  the  free  end  of 
the  hair  spring  at  each  vibration  of  the  balance.  This  may  lie 
done  in  several  w*ays  according  to  the  application  of  the  es- 
capement to  chronometers,  pendulum  clocks  or  wntdies,  or  to 
instruments  which  require  to  be  driven  with  precision  under 
variable  resistance,  such  as  a  heliostat  or»  as  in  the  present  case, 
to  a  small  equatorial  in  which  the  new  escapement  is  subject 
to  the  most  severe  test.  For  the  latter  purpose  the  new  escape- 
ment is  so  constructed  that  it  will  easily  control  a  considrrnble 
surplus  of  power  without  affecting  its  (unction  as  an  excellent 
time-piece.  This  has  been  successfully  demonstrated  on  a  4-inch 
equatorial  of  Warner  &  Swasey  in  June,  1890,  with  the  partially 
illustrated  driving  clock  provided  with  the  new  escai>ement  regu- 
lated to  sidereal  time. 

During  the  trial  of  the  ne\%^  escapement  the  4-inch  telescoiic, 
an  equatorial  star  near  the  meridian  could  be  carried  bisected  by 
the  vertical  wire  for  some  time  wnth  a  hardly  perceptible  varia- 
tion of  light  on  either  side  of  the  wire.  These  testa  I  repeated  on 
several  evenings  in  June,  1890,  with  the  same  results. 

The  driving  clock,  connected  to  the  lower  end  of  the  polar  axis«  I 
has  been  an  ordinary  eight-day   Seth  Thomas  lever  clock,  iliej 

•  Communicated  liv  the  author. 


D,  Appel 


878 


wheel  train  of  which  was  modified  for  an  increase  of  power,  and 
a  wheel  of  fort3'-eight  teeth  was  added  to  correct  the  error  ef- 
fected through  the  new  escape  wheel  having  only  six  instead  of 
fifteen  teeth. 

The  escapement  shown  in  the  illustration  is  constructed  after 
one  of  my  models  of  1887  in  which  the  escape  wheel  consists  of  a 
large  locking  wheel,  A,  with  6  teeth  (3  on  each  side),  and  a  small 
lifting  pinion,  A',  with  3  teeth,  of  which  only  2  can  be  seen  in  the 
cut.  The  axis  of  the  anchor  (not  visible)  which  may  be  consid- 
ered a  continuation  of  the  balance  axis,  carries  two  rigidly  con- 
nected anchors  of  which  CC  effects  the  unlocking  of  the  wheel  A, 
while  the  other  anchor,  DD'  during  the  rotation  of  the  escape- 
wheel  through  the  lifting  pinion.  A',  increases  the  tension  of  the 
hairspring,  the  free  end  of  which  is  fastened  to  an  extension,  E,  of 
the  lifting  anchor,  DD'. 


The  illustration  shows  the  escapement  at  the  moment  in  which 
the  balance  B  moves  in  the  direction  of  a  clock  hand,  having  just 
passed  her  rest  position,  the  increasing  tension  of  the  hair  spring 
F  effects  a  moment  later  the  release  of  the  locking  wheel  A, 
through  the  anchor  arm  C,  at  this  moment  the  longer  arm  D'  of 
the  lifting  anchor  is  moved  to  the  right  by  the  lower  pin  of  the 
lifting  pinion  A'  through  the  rotation  of  the  escape  wheel,  increas- 
ing the  tension  of  the  hairspring.  Meanwhile  the  balance  com- 
pletes her  motion,  and  effects  after  passing  her  resting  point  in  an 
opposite  direction,  in  the  same  way,  the  releasing  of  the  locking 
wheel  A  through  the  partialh'  shown  anchor  arm  C  and  causes 
the  upper  pin  of  the  lifting  pinion  A'  to  move  the  shorter  anchor 
arm  D  to  the  left.    The  escapement  is  now  again  in  the  position 


shown  in  the  iUiistrntion,  and  as  soon  as  the  balance  returns  from 
her  journey  to  the  left,  and  has^  passed  her  point  of  rest,  we  have 
again  arrived  at  our  starting  point.  The  same  performance  re- 
peats itself  at  each  double  oscillation,  without  the  balance  being 
influenced  by  the  wheel  train  or  disturbed  by  the  escapement  dur- 
ing her  oscillations, 


THE  PROPER  MOTION  OF  THE  STARS*- 


\\\  H,  S,  MOMCK. 


In  comparing  the  proper  motions  of  different  stars  it  occurred 
to  me  that  it  would  be  desirable  to  refer  them  to  a  common 
standard.    When  the  magnitude  of  the  star  had  been  ascertained 
photometrically  this  was  easily  done  on  the  assumption  that  no 
.  light  is  lost  in  transmission.     The  proper  motion  being  expressed 
in  seconds  {of  an  arc)  by  multiphnng  it  b^^  the  numl>er   whose 
logarithm  is  one-fifth  of  the  magnitude  on  the  photometric  scale, 
we  obtain  in  all  instances  what  the  motion  would  be  if  the  star 
was  brought  near  enough   to  us  to   appear  as  one  magnitude 
brighter  than  the  first  (or  of  magnitude  0  on  the  photometric 
scale).    I  compared  Herz  and  Strobl's  revision  of  Auwers'  Cata- 
logue w^ith   the  Harvard  Photometry  for  this  purpose  and  ob- 
tained the  photometric  magnitudes  and  proper  motions  of  nearly 
600  stars.    The  proper  motions  in  right  ascension,  however,  were 
given  in  seconds  of  time  and  it  would  have  taken  some  labor  to 
reduce  them  to  seconds  of  an  arc;  and  as  my  object  was  to  deal 
with  classes  of  stars  I  thought  it  sufficient  to  compare  the  mo- 
tions in  N,P,D.,  believing  that  the  averages  were  likely  to  be  the 
same   in  right  ascension  as  in  declination.    I  further  extracted 
from  the  Draper  Catalogue  the  spectra  of  all  the  stars  which  I 
was  able  to  identify.    In  a  few  cases  my  identifications  are  doubt- 
ful.    In  many  others  the  spectrum  is  marked  as  doubtful  in  the 
Draper  Catalogue.     I  thought  it  best  to  follow  its  classification 
without  regarding  tlie  notes  of  interrogation.    The  first  step  was 
to  ascertain  the  average  proper  motion  of  the  600  stars  when  re- 
ferred to  the  standard  in  question.     Here  I  found  that  in  Inking 
an  arithmetical  mean  the  result  would  be  much  influenced  by  a 
few  stars  with  great  proper  motion.     Thus  61  Cygni  had  on  my 
scale  a  proper  motion  of  34  seconds   annually   in   N.IMK  which 
when    distributed    among    600    stars    would    raise  the  general 
average   by  about  0''.060.    Instead   of  an  arithmetical  mean  I 
therefore  thought  it  better  to  ascertain  the  point  at  which  the 
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stars  with  greater  and  less  proper  motion  would  be  equal  in 
number,  and  I  found  that  for  the  entire  number  of  the  stars  ex- 
amined the  average  thus  obtained  was  about  0''.225  annually. 
I  may  here  remark  that  supposing  the  average  velocity  of  a  star 
towards  or  from  the  north  pole  to  be  10  miles  per  second  (being 
the  average  velocity  in  the  line  of  sight  according  to  Vogel)  the 
average  parallax  of  these  600  stars,  if  brought  near  enough  to  us 
to  appear  one  magnitude  brighter  than  the  first,  would  be  only 
about  0''.067.  The  arithmetical  mean  would  be  considerably 
greater  than  0''.225,but  I  did  not  think  it  necessary  to  determine 
it  precisely. 

When,  however,  I  examined  the  means  for  stars  of  diflFerent 
magnitudes  the  results  were  remarkable.  Of  8  stars  ranked  in 
the  Harvard  Pbotometry  as  above  the  first  magnitude  only  two 
(Rigel  and  Betelgeuse)  have  a  standard  motion  of  less  than 
0'^225.  The  average  determined  for  the  eight  in  the  above 
manner  is  0".537,  the  arithmetical  average  being  0".618.  But 
the  15  stars  between  magnitudes  1  and  2  (including  Aldebaran 
rated  at  1''.00)  include  13  with  a  motion  less  than  0''.225  and 
only  two  with  greater  motion.  The  average  for  these  15  stars 
determined  as  above  is  only  0".066,  and  the  arithmetical  average 
C.103.  The  average  standard  motion  of  these  fifteen  stars  in 
N.P.D.  is  consequently  not  more  than  one-sixth  of  that  of  the 
foregoing  eight.  The  stars  between  the  2d  and  3d  magnitude  are 
also  far  below  the  mean,  though  their  motipns  average  a  little 
more  than  that  of  their  immediate  predecessors.  The  average 
determined  as  above  is  about  O'M,  or  arithmetically  0''.2.  In  16 
cases  the  motion  is  greater  than  0''.225  and  in  43  less.  Between 
the  3rd  and  4th  magnitudes,  ho wever,  the  mean  is  nearly  realized, 
89  stars  according  to  my  count  being  above  0''.225  and  98  be- 
low it.  From  the  4th  to  the  5th  magnitudes  the  figures  are  al- 
most identical  with  the  foregoing,  the  standard  motions  of  87 
stars  being  above  0".225  and  those  of  97  below  it.  The  arith- 
metical average  for  the  stars  of  magnitude  3  to  4  is  indeed 
greater  than  for  magnitude  4  to  5,  27  stars  giving  a  standard 
motion  of  over  V  in  the  former  case  against  19  in  the  latter. 
Between  the  5th  and  6th  magnitudes  I  found  74  stars  above  the 
mean  against  50  below  it ;  but  probably  a  good  many  of  these 
fainter  stars  owe  their  introduction  into  Auwers'  Catalogue  to 
their  considerable  proper  motions,  so  that  a  fuller  examination'of 
the  proper  motions  of  all  stars  between  the  5th  and  6th  magni- 
tudes might  lead  to  a  different  result.  The  same  remark  applies 
more  strongly  to  the  small  number  of  stars  below  the  6th  magni- 
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tude  which  the  catalogue  contains. 
that  there  are  two  exceptions  to  the  steady 
dard)  motion  as  the  stars  become  fainter.  One  is  afforded  bv  the 
eight  brightest  stars  in  the  catalogue  and  the  other  bv  the  stars 
comprised  between  the  4th  and  5th  magnitudes,  I  may  add  that 
in  considering  the  quantities  of  proper  motion  only  and  disre- 
garding their  directions,  it  seems  to  me  that  errors  of  observj 
tion  or  computation  will  necessarily  increase  the  a  vera 
motions  of  very  faint  or  rather  very  distant  stars.  Such  errors 
will  assign  small  motions  of  approach  or  recession  where  the  mo- 
tion is  really  insensible,  and  these  small  motions  may  be  consid* 
erably  increased  by  multiplying  them  by  the  number  whose  loga- 
rithm is  one-fifth  of  the  photometric  magnitude  as  already 
explained.  I  may  remark  that  taking  the  average  standard 
proper  motion  in  N.P,D,  of  a  second  magnitude  star  at  0",100 
the  average  parallax  on  the  assumption  of  an  average  velocity  of 
10  miles  per  second  would  be  only  0".03;  but  this  being  the  par- 
allax on  the  assumption  that  the  star  was  brought  near  enough 
to  appear  two  magnitudes  brighter  than  it  is,  the  actual  average 
would  be  only  0'M)12.  The  recently  published  Oxford  obscrva- 
tions  give  an  average  parallax  nearly  5  times  as  great  as  this ; 
according  to  which  the  average  velocity  of  a  second  magnitude 
star  to  or  from  the  north  pole  is  only  about  2  miles  per  second. 
The  average  velocit3'  in  the  line  of  sight  differs  from  this  in  rather 
a  startling  manner. 

My  main  object,  however,  v^^as  to  compare  the  standard  mo- 
tions of  stars  with  different  types  of  spectra.    The  result  of  this 
comparison  can  be  best  presented  in  a  tabular  form,  but  1  have 
omitted  spectra  which  occur  so  rarely  that  the  results  are  ui 
reliable. 
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It  is  evident  at  a  glance  that  the  standard  motions  of  the  solar 
stars  (spectra  F,  G,  H,  I  and  K)  are  far  in  excess  of  those  of  the 
Sirians  (spectra  A  and  B).  But  the  subdivisions  show  oUier  re* 
markable  differences.  The  standard  motions  of  stars  with  spec- 
trum  B  fall  far  short  of  those  with  spectrum  A.    In  fact,  the 
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average  motion  for  stars  of  this  type,  determined  in  the  way  al- 
ready indicated,  is  only  0".052,  the  arithmetical  average  being 
0".098.  The  corresponding  averages  for  spectrum  A  are  between 
three  and  four  times  as  great  as  this.  Again,  the  stars  with  spec- 
trum F  (with  which  the  small  number  of  stars  w:ith  spectrum  E 
should  probably  be  classed)  have,  on  the  average,  much  greater 
proper  motion  than  the  other  stars  of  the  solar  type.  In  more 
than  one-half  of  them,  the  standard  motion  exceeas  half  a  sec- 
ond annually,  in  which  respect  they  stand  alone,  and  nearly  three 
times  as  many  of  them  have  a  standard  motion  of  over  one  sec- 
ond annually  as  of  the  more  numerous  class  of  solar  stars  with 
the  spectrum  K.  I  have  elsewhere  proposed  to  call  stars  with 
the  former  type  of  spectrum  Capellan,  from  the  brightest  star 
which  possesses  it,  and  to  call  stars  of  the  latter  type  Arcturian 
for  a  similar  reason.  Stars  with  the  spectra  G,  H  and  I  appear 
to  agree  better  with  the  Arcturian  than  with  the  Capellan  class. 
Only  four  stars  in  the  Catalogue  have  spectra  of  the  type  E  and 
of  these,  two  have  standard  motions  of  more  than  oile  second 
annually,  thus  agreeing  with  the  Capellan  stars.  Stars  with 
spectra  of  the  third  type  (M)  hold  an  intermediate  position  be- 
tween the  Sirians  and  Solars  as  regards  proper  motion.  The 
average  is  not  very  different  from  that  for  the  class  K.  No  Sirian 
star  has  a  standard  proper  motion  of  more  than  2''  in  N.  P.  D. 
and  only  4  stars  of  the  type  K  attain  that  figure,  but  it  is 
attained  by  no  less  than  23  stars  with  the  spectrum  F.  I 
think  I  am  justified  in  concluding  that  the  Capellan  type 
(which  I  believe  approaches  most  nearly  to  that  of  the  Sun)  is 
the  predominant  one  among  our  nearest  neighbors.  Otherwise, 
stars  with  this  type  of  spectrum  must  move  through  space  with 
much  greater  velocity  than  the  others.  This  latter  theory  is  ren- 
dered improbable  by  the  extent  to  which  the  motions  of  these 
stars  appear  to  be  affected  by  the  Sun's  motion  in  space.  Thus, 
of  the  29  Capellan  stars  with  standard  motion  of  more  than  one 
second,  19  are  approaching  the  North  Pole  and  only  10  receding 
from  it.  This  proportion  agrees  pretty  well  with  the  other  stars 
whose  motion  exceeds  the  same  limit,  but  for  the  total  number  of 
stars  in  the  Catalogue  the  preponderance  is  considerably  less. 
The  motions  of  the  same  stars  in  right  ascension  points  to  a 
similar  result.  Assuming  the  right  ascension  of  the  Sun's  goal 
to  be  18^  the  effect  of  the  Sun's  motion  will  be  to  diminish  the 
Right  Ascension  of  stars  between  6**  and  18**'  and  to  increase  it 
between  18^  and  6^.  I  find  that  the  former  interval  contains  17 
and  the  latter  12  of  the  29  stars  under  consideration.  The  latter 
12  are  divided  equally  as  regards  increasing  or  diminishing  R.  A., 
but  13  of  the  17  in  the  other  interval  have  motions  in  diminish- 
ing R.  A.  A  closer  agreement  would  have  been  obtained  by  tak- 
ing the  R.  A.  of  the  Sun's  goal  at  17**  30°*.  My  conclusion  is 
farther  confirmed  by  the  large  proportion  of  Capellan  stars 
amone  binaries  for  which  orbits  have  been  computea ;  for  in  this 
case  if  we  reject  the  explanation  by  greater  nearness,  our  alterna- 
tive is  not  greater  velocity  but  greater  mass.  Further  investiga- 
tion with  more  extensive  Catalogues  is  no  doubt  requisite,  but  I 
think  I  have  made  out  a  fair  case  for  my  conclusion  that,  great 


as  the  distances  between  the  components  may  be,  the  San  forms 
one  of  a  growp  or  cluster  of  stars  in  which  the  predominating 
type  of  spectrum  is  similar  to  its  own.  With  regard  to  the  re- 
centl3^  published  parallax  researches  at  Oxford,  the3"  seem  to  me 
hardly  to  bear  out  the  sanguine  expectations  formerly  enter- 
tained as  regards  the  photographic  method.  The  results,  how- 
ever, are  rather  favorable  to  my  conclusion.  The  average  paral- 
lax of  the  21  second-magnitude  stars  measured  at  Oxford  is 
0"j356.  They  consist  of  12  Sirian  stars,  8  solars  and  1  with  a 
peculiar  spectrum.  The  average  for  the  8  solar  stars  taken  scpa* 
rately  is  0'".071,  which  is  considerably  in  excess  of  that  for  the 
Sirians,  It  so  happens,  however,  that  of  the  8  solar  stars  only 
one  belongs  to  the  Capellaii  type.  Its  parallax  is  0''.0867.  Only 
one  of  the  21  stars  has  a  standard  motion  of  more  than  one  sec- 
ond. It  has  the  largest  parallax  of  any  in  the  list,  viz,,  0".128. 
Six  of  the  solar  stars  have  the  spectrum"  K  and  one  the  spectrum 
L  %vhich  ma^^  be  also  classed  as  Arcturian. 

The  nearness  of  the  Capellan  stars  which  seems  to  be  thus  cs-  j 
tablished  is  a  nearness  relatively  to  stars  of  the  same  magnitude] 
hut  with  different  types  of  spectrum.    Researches  on  binar>'  stars 
seem  to  establish  that  this  is  not  due  to  smaller  average  mass,^ 
and  it  would  therefore  appear  that  these  stars  are  of  the  dullest 
or  least  light-giving  class — more  so  not  only  than  the  Anrtttrian 
stars  but  than  those  of  the  type  of  Antares  or  Betclgcux,    The 
Sun  as  a  Capellan  star  may  therefore  be  expected  to  give  a  small 
amount  of  light  relatively  to  its  mass  when  compared  with  most 
of  the  fixed  stars.    The  comparisons  hitherto  made  point  in  this 
direction. 


ROBERT  QRANT.* 


In  Robert  Grant,  who  at  the  ripe  a^  of  seventy  eight  died  at 
the  place  of  his  birth,  Grantown-on-Spey,  on  October  24-,  1892, 
science  loses  one  of  her  ablest  historians.    His  education  was  in- 
terrupted by  a  serious  illness,  which  confined  him  to  his  l)ed  from 
his  fourteenth  to  his  twentieth  year.     With  surprising  energ>%  i 
however,  on  his  recover)^  he  set  about  the  study  of  matheniaticsi  i 
and   the  acquisition  of  ancient  and    modem   languages.     After  j 
studying  for  a  time  at  King*s  College,  Aberdeen,  he  went  to  Lon- 
don to  collect  materials  for  a  histor}'  of  ph^^sical  astronomy. 
Thence  he  proceeded  to  Paris  in  1845.  where  for  two  years  he 
attended  the  lectures  of  Arago  at  the  Observatory,  and  those  of 
Leverrier  and  others  at  the  Sorbonne,    Returning  to  Lotidon,  he 
lost  little  time  in  beginning  the  great  work  with  which  his  name 
will  always  be  associated.    It  was  published  in  numbers,  the  first 
of  which  appeared  in   September,   184-8,  but  it  wiis  not  until 
March,  1852,  that  the  whole  work  w^as  issued.    It  bears  tbc 
title  **  Histon^  of  Physical  Astronomy  from  the  Earliest  Ages  to 
the  Middle  of  the  Nineteenth  Centur>^  comprehending  a  detailed  ( 
account  of  the  establishment  of  the  Theoiy^  of  Gravitation  by 
Newton^  and  its  development  by  his  successors ;  with  an  exposi- 
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tion  of  the  progress  of  tesearch  in  all  the  other  subjects  of  Ce- 
lestial Physics.'*  Most  completely  do  the  contents  of  the  vol- 
ume fulfil  every  expectation  raised  by  this  comprehensive  pro- 
gramme.   The  fame  of  its  author  was  at  once  established.    Four 

^ears  later  he  received  from  the  hands  of  the  late  Mr.  Manuel  J. 

ohnson,  President  of  the  Royal  Astronomical  Society,  the  gold 
medal,  then  for  the  first  time  awarded  for  literary  service  to  as- 
tronomical science.  One  paragraph  of  the  address  delivered  on 
that  occasion  may  here  be  quoted  as  characterizing  most  justly 
the  work  as  well  as  its  author:  ** Throughout  the  book  no  one 
can  fail  to  be  struck  with  the  rare  skill,  integrity,  and  discern- 
ment the  author  has  displayed  in  tracing  the  successive  stages  of 
progress ;  or  with  the  scrupulous  care  he  has  taken  to  assi^  to 
each  of  the  great  men  whom  he  reviews  their  proper  share  m  the 
common  labor.  Nowhere  is  this  more  conspicuous  than  in  the 
discussion  relative  to  the  discovery  of  the  planet  Neptune.  By  a 
simple  narration  of  facts  he  has  placed  the  history  of  that  great 
event  in  so  clear  and  so  true  a  light,  that  I  believe  I  am  not 
wrong  in  saying  he  has  gained  an  author's  highest  praise  under 
such  circumstances — the  approval  of  both  the  eminent  persons 
concerned."  Even  now,  forty  years  after  its  publication,  the 
"History"  has  lost  none  of  its  value  as  a  mine  of  information, 
and  as  a  delightful  guide  to  those  who  desire  to  make  a  closer  ac- 
quaintance with  the  astronomers  of  the  past  as  well  as  their 
works. 

For  some  time  Mr.  Grant  edited  the  "  Monthly  Notices  "  of  the 
Royal  Astronomical  Society,  and  was  a  member  of  their  Council. 
In  conjunction  with  the  late  Admiral  Smylh,  he  translated  and 
edited  Arago's  "Popular  Astronomy"  (2  vols.  1855  and  1858). 
Meanwhile  his  health  had  so  far  improved  that  in  1858  he  was 
able  to  go  through  a  course  of  observational  astronomy  at 
Greenwich  Observatory.  In  the  following  year,  on  the  death  of 
Professor  J.  Pringle  Nichol,  he  was  appointed  Professor  of  As- 
tronomy, and  Director  of  the  Observatory  in  the  University  of 
Glasgow. 

As  a  member  of  the  party  that  went  to  Spain  in  the  troop  ship 
Himalaya^  to  observe  the  total  solar  eclipse  of  July  18,  1860, 
Professor  Grant  from  his  station  near  Vittoria,  had  the  satisfac- 
tion of  seeing  a  portion  of  the  chromosphere,  the  existence  of 
which  as  a  thin  layer  enveloping  the  photosphere  he  had  abun- 
dantly demonstrated  in  the  wmter  of  1850-51,  from  a  discussion 
of  all  the  observations  extant  (**  History,"  pp.  395,  396).  It  can 
excite  no  surprise  that  Professor  Grant  assumed  the  red  layer  and 
also  the  prominences  to  shine  by  reflected  light  when  it  is  recol- 
lected that  the  Sun's  Ught  and  heat  were  then  supposed  to  origi- 
nate wholly  in  the  photosphere,  while  the  nucleus  was  thought  to 
be  so  cool  as  possibly  to  be  habitable.  When  Professor  Grant 
took  charge  of  the  Glasgow  Observatory  the  only  usefiil  instru- 
ment he  found  was  the  transit-circle  by  Ertel  &  Son  of  Mtmich, 
but  through  the  liberality  of  a  few  friends,  chiefly  in  Glasgow,  a 
nine-inch  Cooke  equatorial  was  added  to  the  Observatory  some 
years  afterwards.    After  thoroughly  testing  the  transit-circle  the 


new  director  commenced  a  series  of  oljiservations  of  Mercur>", 
Neptune,  the  minor  planets,  and  a  selection  of  stars  from  the  Brit. 
ish  Association  Catalogue.  Gradnally*  however,  his  attention 
was  concentrated  entirely  on  the  stars,  the  list  being  correspond- 
ingly expanded.  The  observations  of  planets  were  communicated 
from  time  to  time  to  the  Astronomische  Nacbricbten  or  to  the 
Monthly  Notices. 

The  stellar  obser^-ations  were  published  at  the  expense  of  her 
Majesty's  government  in  1883  in  the  well-known  **  Catalogue  of 
6415  Stars  for  the  epoch  1870,  deduced  from  observations  made 
at  the  Glasgow  University  Observatory^  during  the  years  18G0 
to  1881,  preceded  by  a  synopsis  of  the  Annual  Results  of  each 
star  arranged  in  the  order  of  Right  Ascension." 

In  the  introduction  will  be  found  a  discussion  of  the  Proper 
Motions  of  99  stars,  A  verj^  complete  and  appreciative  review  of 
this  work  from  the  pen  of  Professor  Auwers  of  Berlin  appeared  in 
the  Vierteljahrsschrift  der  Astronumischea  GeselJscbaft  (19  Jahr- 
gang).  The  Glasgow  star  places  were  at  once  looked  on  with 
confidence  b3^  the  numerous  observers  of  comets  and  minor 
planets.  One  point  connected  wdth  the  Catalogue  deser\*es  special 
attention,  viz.,  that,  although  the  observ^ations  from  which  it  is 


derived  extend  over  a  space  of  twent^'^one  years,  the  work  a 
peared  within  two  j^ears  of  the  close  of  the  series.  This  promp 
tude  excites  the  greater  admiration  when  we  learn  that,  exclusi 


of  Professor  Grant*s  personal  share  in  the  work,  no  less  than 
.  thirteen  young  assistants  at  various  times  took  part  in  the  obser- 
'  vations,  and  two  others  in  the  computations.  Many  of  these  per- 
sonal changes,  each  of  which  brought  its  quota  of  extra  work  to 
Professor  Grant  were  no  doubt  in  some  measure  due  to  the  smaJl- 
ness  of  the  allowance  provided  for  assistance,  viz.^  £100  per 
annum.  Professor  Grant,  however,  was  the  last  man  to  waste 
his  energies  in  useless  complaint,  and  dismisses  this  point  with 
the  remark  that  **in  recent  years  the  work  of  scrutinizing,  rcdtic* 
ing  to  a  common  epoch,  and  combining  together  the  vast  mass 
oi  the  observations  of  the  catalogue,  extending  over  a  period  of 
more  than  twenty -one  years,  has  pressed  very  heavily  upon  the 
slender  resources  of  the  observ^ator3^''  The  important  time  ser- 
vice of  the  City  of  Glasgow  was  originated  by  Professor  Grant 
some  thirty  years  ago,  and  continues  in  operation  up  to  the 
present  moment.  In  1855  he  received  from  the  University  of 
Aberdeen  the  degree  of  M.  A.,  followed  by  that  of  the  honorary' 
LL.  D.  in  1865  m  which  latter  year  he  was  elected  a  Fellow  of 
the  Royal  Society  of  London.  For  three  \'ears  he  presided  over 
the  Philosophical  Society  of  Glasgow,  to  whose  pr<u  ' 
made  various  contributions.    It  may  also  be  noted  t  *nii 

his  writings  are  two  remarkable  letters  proving  bey  on  tl 
of  doubt  the  spurious  character  of  the  pretended  Pas^  u 
pondence.    These  letters  were  printed  in  the  Comptes  Rend  us  by 
special  i>erraission  of  the  French  Academy. 

In  manner  Professor  Grant  was  singularly  vivacious,  and  to 
the  last  he  greeted  with  the  warmest  enthusiasm  every  fresh  dis* 
cover)'  in  the  science  to  which  is  life  was  devoted,  R.  C. 
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THE  MOTION   OF  NOVA  AURIGA.* 


W.  W.  CAMPBELL. 


My  obserYations  of  the  position  of  the  chief  nebular  line  in 
Nova  Aurigae's  spectrum  show  a  progressive  increase  of  wave- 
length after  September  7.  Satisfactory  observations  made  the 
last  two  nights  fully  convince  me  that  the  variation  is  real.  It 
is  probably  the  result  of  orbital  motion.  The  following  meas- 
ures have  been  made  recently,  in  addition  to  those  already  pub- 
lished in  Astronomy  and  Astro-Physics  : 


Oct.  19. 

Nov.  2. 

Nov.  3. 

Gratin/s^,  Ist  order 

5004.3 

5004.32 

5005.01 

Grating,  2nd  order 

5004.3 

5004.34 

5004.39 

Compound  prism 

5002.8 

5004.49 

5004.61 

5003.8 

5004.38 

5004.67 

The  measures  of  Oct.  19  were  made  with  great  difficulty,  and 
arc  entitled  to  small  weight.  The  results  obtained  with  different 
dispersions  are  about  equal  in  weight.  The  adjustments  of  the 
instrument  for  the  Nov.  2  and  3  observations  were  tested  by 
measuring  the  velocity  of  Venus.  The  observed  velocity,  using 
the  second  order  grating,  was  +  7.7  miles  per  second.  The  com- 
puted velocity,  from  Nautical  Almanac  data,  was  +  7.4  miles. 

The  table  below  contains  the  wave-lengths  of  the  chief  nebular 
line  resulting  from  the  several  nights'  observations,  together 
with  the  corresponding  velocity  of  approach,  in  miles  per  second. 


Date. 

A. 

Velocity. 

1892,  Aug.  20 

5003.6 

-128 

21 

3.7 

125 

22 

3.7 

125 

23 

3.1 

147 

30 

2.4 

173 

Sept.    3 

2.4 

173 

4 

1.9 

192 

6 

2.1 

184 

7 

1.9 

192 

15 

2.2 

180 

22 

2.5 

169 

Oct.  12 

3.6 

128 

19 

3.8 

121 

Nov.     2 

4.4 

99 

3 

4.7 

-    87 

A  few  of  the  earliest  measures  were  made  with  a  dense  60° 
prism,  and  must  be  given  smaller  weight;  however,  tests  made 

*  Communicated  by  the  author. 


by  me  upon  known  intervals  in  comparison  spectra  have  shown 
that  surprisingly  accurate  results  can  be  obtamed  wth  that 
prisra. 

A  photograph  of  the  Nova*s  spectrum  taken  October  19  shows 
additional  lines  at  A  438,  X  426,  A  423  and  \  410,  making 
eighteen  thus  far  observed.  On  account  of  the  wide  slit  em* 
ployed  the  wave-lengths  are  reliable  to  three  places  only.  The 
line  at  X  438  exists  also  in  the  Orion  Nebula  spectrum.  That  at 
A  410  is  strong  and  is  probably  H^\  A  very  faint  trace  at  A  397 
is  probably  H.  There  were  lines  near  all  of  these  in  the  Febru- 
ar\'  sijectrura  of  the  new  star. 

Mt.  Hamilton,  1892,  Nov.  4, 


NOTE  ON  THE  REVIVAL  OF  NOVA  AVMQM.* 


WALTER  SIDGRBAVBS. 


Mr.  CampbelTs  paper  in  the  October  number  of  Astroxomy 
AND  Astro-Physics  has  renewed  our  interest  in  the  faded  star 
that  was  new  and  bright  in  the  first  months  of  the  year. 

The  searching  analysis  of  its  light,  carried  on  at  Mt.  Hamilton 
in  August  and  September*  has  enabled  Mr.  Campbell  to  give  tts  a 
list  of  lines  of  what  may  be  called  the  new  spectrum  of  Nova 
Aurigae.  It  is  a  valuable  contribution  to  the  history  of  the  star: 
but  it  adds  to  our  perplexity,  and  warns  us  against  reading  it 
wrongly  rather  than  helps  us  to  read  it  aright. 

The  three  most  prominent  lines  of  the  new  spectrum  are  given 
at  AA  5003,  4953  and  4858^  these  figures  l^eing  the  means  of  16; 
G  and  7  measures  respectively  and  their  relative  intensities  are  i 
quoted  at  10,  3  and  1.    They  have  been  identified  as  undoubtedly 
the  three  nebular  lines,  shifted  five-tenth  metres  to  the  violet  side, 

Tn  accepting  these  values  as  comparable  with  those  obtained 
from  the  star  in  its  greater  brilliancy,  we  must  make  great  allow- 
ance fur  the  changed  conditions  of  spectroscopic  analysis.  The 
supply  of  light  from  the  star  at  the  tenth  magnitude  cannot  offer 
the  same  means  for  accurate  measurement  as  were  placed  at  our 
service  b^^  the  more  energetic  radiation  of  its  earlier  life.  But  if 
the  wave-lengths  quoted  by  Mr.  Campbell  are  the  true  positions 
of  the  lines  on  the  spectrum  band,  they  must  be  new  lines;  for 
their  relative  positions  are  not  those  of  the  green  triplet  of  the 
earlier  spectrum,  or  of  any  other  three  in  this  region.    The  waTC- 

*  Communicated  by  the  author. 
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length  interval  between  the  first  and  third,  taken  from  Dr.  Crew's 
measures  on  the  10th  and  13th  of  February,  is  155  m/4^  and  the 
August  measures  give  145  ^^  separation ;  while  the  middle  line 
has  no  better  representative  on  the  first  spectrum  than  a  very- 
faint  line  at  4970  observed  by  Mr.  Campbell,  or  a  possible  broad 
line  at  4956  poted  on  one  of  the  Stonyhurst  plates,  but  con- 
sidered too  uncertain  to  be  admitted  into  the  list  of  lines. 


Wave-lengths  of  bright  lines  of  Nova  Aurigse,  1892. 


stonyhurst 

Lick 

Stonyhurst 

Lick 

February. 

August. 

February. 

August. 

1 
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No. of 
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No. of 

No. 

lenflTth 

lenflTth 

sity 

Obs. 

No. 

lensrth 

length 
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Obs. 

I 
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22 

4529 

2 
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I 

4 

23 

45  "7 

3 

5676 

1 

24 

4500 

4 

5631 

25 

4487 

5 

5612 

26 

4470 

4466 

O.I 

I 

6 

5564 

5570 

0.2 

I 

27 

4446 

7 

5527 

1 

28 

4417 

8 

5369 

29 

4394 

9 

5334 

30 

4380 

lo 

53  "o 

3" 

4364 

4358.8 

0.8 

6 

II 

12 

5273 
5230 

5268 

0-3 

I 

32 
33 

4343 
4312 

4335.9 

O.I 

I 

>3 

5196 

34 

4298 

«4 

5167 

35 

4271 

»5 

5016 

5002.8 

10 

9 

36 

4245 

i6 

4922 

4953-3 

3 

6 

37 

4232 

«7 

4861 

4857.7 

I 

7 

38 

4177 

i8 

4664 

4681.3 

0.4 

5 

39 

4135 

19 

4626 

4630.8 

0.7 

4 

40 

4101 

20 

4583 

41 

3968 

21 

4551 

In  the  foregoing  table  the  lines  of  the  new  spectrum  are  placed 
opposite  the  nearest  corresponding  lines  found  on  the  Stonyhurst 
photographic  plates  of  the  earlier  spectrum  of  February.  The 
columns  of  Intensity  and  Number  of  Observations  refer  to  the 
new  spectrum  of  August.  The  Stonyhurst  list  of  lines  is  taken 
from  the  last  column  of  the  table  of  wave-lengths  as  given  in  my 
paper  for  the  Memoirs  R.  A.  S.,  now  at  the  press.  The  wave- 
lengths are  quoted  for  the  centres  of  the  broad  lines,  each  reading 
being  the  mean  of  the  marginal  measures  of  the  line.  They  are 
independent  of  any  shift  of  the  spectrum  due  to  radial  velocity  of 
the  star,  each  line  having  its  wave-length  assigned  with  reference 
to  the  centre  of  the  broad  F  line  as  the  supposed  true  position  of 
A  4861  of  the  bright  line  star,  and  under  the  supposition  that  all 
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the  bright  lines  are  given  by  the  same  star.  This  relation  was  se- 
cured, as  described  in  the  Memoir,  by  setting  the  plate  on  the 
micrometer  stage  with  the  centre  of  the  line  F  adjusted  to  the 
scale  division  that  corresponds  to  the  wave-length  4861  of  the 
interpolation  curve.  Bnt  the  wave-lengths  quoted  in  the  tabic 
will  be  found  to  difl'er  a  Httle  from  those  of  the  map  of  the  spec- 
trum in  the  same  Memoir;  the  differences  being  according  to  a 
final  correction  there  fully  explained. 

The  figures  give  their  own  verdict  upon  the  later  spectrum  of 
the  star;  viz.,  that  its  lines  cannot  all  be  revivals  of  the  older 
ones,  And  the  question  then  becomes:  to  what  star  do  the  new 
lines  belong?  The  three  chief  nebular  lines,  as  found  at  Mt. 
Hamilton,  with  a  shift  of  5  tenth  metres  to  the  violet  side,  can- 
not belong  to  the  bright  line  star  of  Februar)'  and  March,  which 
w^as  rushing  away  from  us  at  a  velocity  too  high  and  too  con- 
stant to  admit  of  its  wheeling  round  to  come  back  in  August  at 
the  speed  of  nearly  180  miles  in  the  second.    We  cannot,  on  the 

^other  handi  suppose  the  dark  line  star  to  have  changed  its  dress 
I  far  as  to  display  the  characteristic  colors  of  a  planetary  ocb- 

"ilia.  And  we  are  therefore  driven  either  to  admit  the  presence  of 
a  third  rushing  star,  against  the  enormous  improbability  of  such 
a  gathering,  or  to  fall  back  upon  the  local  disturbances  of  one, 
for  the  origin  of  the  complicated  spectrum.  Mr.  Campbcirs 
remark  **that  the  relation  of  this  si>ectrum  (of  August)  to  the 
earlier  one  of  February  is  not  apparent/'  is  the  truth.  But  wc 
venture  to  add  that  his  discovery  strengthens  the  probability  in 
favor  of  the  one-star-origin  of  the  spectrum. 
Stonyhurst  Observatory,  Lancashire,  Oct.  25,  1892. 
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the  same  title  as  the  present  one  in  the  Pbilosopbical  Magazine 
for  April  1891. 
The  physical  definition  of**  visibility  '*  there  adopted  is 

in  which  I,  is  the  intensity  at  the  centre  of  a  bright  interference- 
band,  and  Ij  the  intensity  at  the  centre  of  the  adjoining  dark 
band.  In  order  to  interpret  the  actual  curves  obtained  by  obser- 
vation of  interference-fringes,  it  is  first  necessary  to  reduce  the  re- 
sults of  the  eye-estiraates  of  visibility,  which  may  be  designated 
by  Ye  ,  to  their  absolute  values  as  above  defined. 

For  this  purpose  two  quartz  lenses,  one  concave  and  the  other 
convex,  and  of  equal  curvatures,  were  mounted  with  their  crys- 
talline axes  at  right  angles  to  each  other  bet\?ffeen  two  Nicols. 
Under  these  conditions  a  series  of  concentric  interference-rings  ap- 
peared. If  a  be  the  angle  between  the  principal  section  of  the 
polarizer  and  the  axis  of  the  first  quartz,  and  g>  the  angle  between 
the  axis  and  the  analyser,  the  intensity  of  the  light  transmitted 
will  be 

I  =  cos'(ty  —  a)  —  sin  2a  sin  2(m>  sin*  tt  — ^-ir -, 

where  ti  is  the  thickness  through  the  first  quartz  and  tj  that 
through  the  second.  If  the  analyser  and  polarizer  are  parallel, 
G>  =  a,  and 

1=1—  sm'  2a  sin'  tt  —  -t- —y 

whence       li  =1,  and  I2  =1  —  sin'  2a, 

,  .,       Ii  —  L      1  —  cos'  2a 

and  \  =  — -—-?=-— --  . 

Ii  +  I3      1  +  cos^  2a 

This  curve,  together  with  the  mean  of  a  number  of  eye-estim- 
ates, is  given  in  fig.  2,  Plate  XLII.  From  these  the  following 
tableof  corrections  mav  be  obtained  : — 


Vc. 

Cor- 

Ve. 

Cor. 

.00 

.00 

.55 

-  .12 

.05 

-f  .03 

.60 

-.14 
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-f  .0-t 

.65 
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-  .16 
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-  .14 
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-  .03 
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-  .05 

.90 
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.40 

-.07 

.95 

-  .08 

.45 

-  .08 

1.00 

.00 

.50 

-  .10 

The  curves  show  a  general  tendency  to  estimate  the  visibility 
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too  high  when  the  interference-bands  are  clear,  and  too  low  when 
they  are  indistinct.  This  tendency  may  be  modified  by  a  number 
of  circumstances:  thus,  it  increases  with  the  refrangibility  of  the 
light  used ;  it  is  greater  when  the  field  contains  a  large  number  of 
bands  than  when  there  are  but  few ;  it  is  greater  while  the  visi- 
bility-curve is  falling  than  when  it  is  rising ;  it  does  not  seem  to 
be  greatly  affected  by  the  intensity  of  the  light ;  finally,  it  varies 
on  different  occasions  and  with  different  observers.  Notwith- 
standing these  disturbing  causes,  the  result,  after  applying  the 
correction,  will  rarely  be  in  error  by  more  than  one-tenth  of  its 
value,  and  ordinarily  the  approximation  is  much  closer  than 
this/ 

As  stated  in  Part  I  of  this  paper,  the  observations  necessary  to 
construct  the  visibility-curves,  from  which  the  distribution  of 


•  The  formula  for  visibility  deduced  in  the  preceding  paper  is 

in  which  C  =   |  ^  (jr)  cos  kxdx, 

S  =   I  <it>  (x)  sin  kxdxj 


'=/' 


{x)  dx. 


k  =  2jrD. 

D  =  Difference  in  path, 

and  ^  (x)  represents  the  distribution  of  light  in  the  source. 

In  this  expression  no  account  was  taken  of  the  effect  of  extraneous  light,  and 
it  was  assumed  that  the  two  interfering  pencils  were  of  equal  intensities.  It  can 
be  shown  that  the  error  due  to  b.^th  these  causes  tends  to  lower  the  visibility; 
but  in  either  case  the  correct  values  may  be  obtained  by  multiplying  by  a  con- 
stant factor. 

In  the  first  case,  let  e  be  the  intensity  of  the  extraneous  light,  and  V  the  re- 
sulting visibility:  then,  by  definition, 

y. -_  (Ii  4- O  -  da-f  J?)  ^       h-h__.    or  if     ?^      =r    V'=   ^'  zJl_ 

(I.4-e)  -f  (li-f  e)"       i.  -hl,'-f2e'  1,-fl,        '  (l,+l,)(i4.r) 

whence  V=  (I  -\- r)\\ 

In  the  second  case,  let  p  b*  the  ratio  of  intensities  of  the  interfering  pencils, 
then  it  can  readily  be  shown  that  the  resulting  intensity  is 

I  =  (l  +p2)P-f  2/3(Ccos3  -  Ssin3), 

and  hence  the  visibility  is 

l-fp-  p  ~     ' 

whence  V  =  ?  "^"  ^:'  V". 
2p 

If  the  interfering  pencils  differ  Iv  25  ixrr  cent,  the  factor  -  J"^  differs  from 

2p 

unity  by  about  4-  ytcv  cent :  so  that,  in  most  cases,  this  cause  of  error  may  be  neg- 
lected. ' 
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ligbt  in  any  approximately  homogeneous  source  is  to  be  deduced, 
may  be  made  with  any  form  of  interference  apparatus  which  al- 
lows a  considerable  alteration  in  the  difference  of  ]mth  between 
the  two  interfering  streams  of  light. 

The  apparatus  actually  employed  for  this  purpose  was  designed 

>r  the  comparison  of  wave-lengths,  and  while  admirably 
adapted  for  the  observation  of  visibilitj^-curves,  it  contains  many 
parts  not  necessary  for  this  use.  Fig.l.  Plate  LX 1 1  presents  the 
plan  of  an  arrangement  which,  while  showing  all  the  essential 
parts,  is  much  less  complicated.  Starting  from  V,  a  vacuum-tube 
containing  the  substance  whose  radiations  are  to  be  examined 
(and  which  is  usually  enclosed  in  a  metal  box  in  order  that  it 
may  be  raised  to  any  required  temperature),  the  light  is  analysed 
by  one  or  more  prisms  forming  a  spectrum  from  which  any  re- 
quired radiation  may  be  separated  from  the  rest  by  passing 
through  the  slit  S.* 

The  light  from  S  is  rendered  nearly  parallel  by  a  collimating 
lens,  and  then  falls  on  a  transparent  film  of  silver,  on  the  surface 
of  the  plane  parallel  plate  Gi.t  Here  it  divides,  part  bcin^  trans- 
mitted to  the  fixed  plane  mirror  Mi  and  part  reflected  to  the 
movable  mirror  M^.  These  mirrors  return  the  light  to  the  sil- 
vered surface,  where  the  first  part  is  reflected  and  the  second 
transmitted :  so  that  both  pencils  coincide  on  entering  the 
observing- telescope. J 

A  little  consideration  will  show  that  this  arrangement  is,  in  all 
respects,  equivalent  to  a  film  or  plate  of  air  between  two  plane 
surfaces.  The  interference  phenomena  are,  therefore,  the  same  a» 
for  such  an  air-plate. 

The  theory  of  these  interference-bands  has  been  given  in  an  ar- 
ticle entitled  '*  Interference  i*henomena  iu  a  new  form  of  Refrac- 
tometer/*  Philosophical  Magazine  for  April,  1882.    As  is  there 

•  In  the  case  of  close  groups  of  lrnt!i,  tlie  image  of  the  source  is  first  thrQwn 
on  a  sHt;  otherwise  the  lines  at  S  would  overlap. 

f  The  light  entering  the  telescope  is  a  maxim ntn  when  the  thi  '^he 

aflver  film  is  soch  that  the  intensity  of  the  transmitted  light  is  equal  t  :  the 

reflected  light.  The  silvering  has  another  important  advanlnge  in  iluimiis.htrtg 
the  relative  intensity  of  the  Hght  rejected  from  the  other  surface.  Indeed,  for  this 
purpofie  it  is  advisable  to  make  the  film  heavier;  even  so  thick  that  the  reflected 
light  is  twice  as  bright  as  the  transmitted.  This  docs  not  affect  the  ultimate 
ratio  of  intensities  of  the  interfering  [lencils — for  what  is  lost  by  trr  "^"'■"■^'  ^^  "^' 
entering  the  plate  (ii  is  made  up  by  reflection  on  leaving  it,  tli< 
simply  to  diminish  somewhat  the  whole  intensity.  Another  adv.^ 
thicker  tilm  is  that  it  can  be  made  uniform  with  far  less  difhcnlty  than  the  thm 
film.  It  may  be  mentioned  that  with  this  form  of  instrument  the  interterence- 
fringes  in  white  light  present  a  purity  and  gorgcousness  of  eolomtion  thai  arc 
surpassed  only  by  the  colors  of  the  ptilariscopc, 

t  The  secund  plane  parallel  plate  <h  is  made  of  the  sume  thickness  as  the  first«. 
and  is  rtquired  to  equaliw  the  optical  paths  of  the  two  pencils. 
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shown,  the  projections  of  the  bands  are,  in  general,  conic  sections, 
the  position  of  maximum  distinctness  being  given  by  the  formula 

P  =  — ^^^Jtanicos'^, 
tan  ^ 

in  which  t^  is  the  thickness  of  the  equivalent  air-plate,  where  it  is 
cut  by  the  axis  of  the  telescope,  ^,  the  inclination  of  the  two  sur- 
faces, 6  and  /,  the  components  of  the  angle  of  incidence  parallel 
and  perpendicular  respectively  to  the  intersection  of  the  surfaces, 
and  P,  the  distance  of  the  plane  of  maximum  distinctness  from 
the  surfaces.  If  ^  be  small  the  variations  of  P  with  6  may  be  neg- 
lected, and  we  have  then 

P  =  T-^tan/, 
tan  (p 

or  with  sufficient  accuracy, 

P=-^/. 

From  this  it  will  be  seen  that  the  focal  plane  varies  very  rapidly 
with  /,  so  that,  unless  ^  =  0,  it  is  impossible  to  see  all  parts  of 
the  interference-bands  in  focus  with  equal  distinctness.  If,  how- 
ever, ^  =  0,  that  is,  if  the  two  surfaces  are  strictlv  parallel,  then 
P  ^  X  ,  and  if  the  observing-telescope  is  focused  for  parallel  rays, 
all  parts  of  the  bands  are  equally  distinct.  Under  these  circum- 
stances the  interference-fringes  are  concentric  circles,  whose  angu- 
lar diameter  is  given  by 

cos^=2t. 
If  for  J  we  put  2t„  —  /jA,  and  for  cos  3  its  approximate  value 

1 ^  ,  we  have 

ft      _        "^ 

In  order  to  obtain  an  idea  of  the  order  of  accuracy  required  in 
this  adjustment,  suppose  the  angle  ^  to  be  so  small  that  its  in- 
fluence on  the  distinctness  may  be  neglected.  The  intensity  at 
the  focus  of  the  observing-telescope  will  be 

I  =  JJcos^^hJdxdy,  where  '^  =  -v"- 
If  the  aperture  be  a  rectangle  whose  height  is  26,  and  width  2a, 


=  2bf\ 


cos^hJdx, 

I 

But  J  =  2{t„  +  <px), 


whence  I  =  2bla  -I-  cos  2«t^  ^^ — —\  , 

The  maximum  value  of  I  is 

and  the  minimum  value  is 

I  .,      sin  2nwa 

whence  V  =^  —= ^--, 

2H(fta 

In  attempting  to  verify  this  formula  bv  actual  observation,  one' 
is  met  by  the  difficulty  that  all  parts  of  the  bands  are  not  in  focus 
at  the  same  time,  the  right  and  left  bands  being  more  distinct 
than  the  central  one,  to  which  attention  ought  to  be  directed. 
Notwithstanding  the  rather  rough  character  of  the  observations, 
the  results  agi-ee  fairly  well  with  theory.  If  fp„  is  the  ratio  of  the 
wave-length  to  the  width  of  the  rectangular  aperture,  the  above 
formula  becomes 

, .  _  sin  ^^fJpQ 
~     27rtp  ii^,     ' 

from  which  the  second  column  in  the  following  table  was  calcii-' 
lated : 

q>/qf^                           V<calc.)  V  (obs.) 

O.ti ,„. l.CM)  1.00 

.1 .94  S4r 

.2»... .73  .73 

.3*.. * ^,  .60  .40 

,4 .24  .!» 

.5 00  J>9 

.6 .15  .10 

.7 .22  .09 

.8...... ,19  ,«7 

M 15  .05 

J.O 00  .04 

From  this  table  it  appears  that  if  the  visibility  is  to  be  csii* 
mated  by  observations  with  a  telescope  of  12niillim.  ajierturc  (or 
with  a  circular  aperture  about  one-fourth  greater),  an  error  in  the 
adjustment  of  the  surfaces  of  a  second  of  arc  would  produce  a 
diminution  of  4  or  5  per  cent  in  the  visibility.  Accordingh%  if  the 
ways  on  which  the  mirror-carriage  moves  are  not  frue  to  this 
degree,  it  is  necessary  to  make  the  adjustment  for  every  ohscr\'a- 
tion. 

This  can  be  done  with  very  great  accuracy  by  moving  the 
beam  of  light  from  side  to  side  and  adjusting  the  mirror  until 
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there  is  no  perceptible  alteration  in  the  size  of  the  rings.  Since 
the  admissible  error  in  adjustment  is  inversely  proportional  to 
the  aperture,  the  observations  may  be  facilitated  by  making  this 
as  small  as  possible  if  there  be  light  to  spare.  This  is  all  the 
more  necessary  for  the  same  reasons,  if  the  surfaces  be  not  true. 
However,  the  error  due  to  this  source  may  be  easily  corrected 
(since  all  the  observations  are  aflfected  alike)  by  multiplying  by  a 
constant  factor. 

In  order  that  the  visibility-curve  may  extend  as  far  as  possible, 
it  is  necessary  that  the  vapor  should  be  very  rare.  Accordingly, 
in  all  but  a  few  cases  to  be  mentioned  later,  the  substance  to  be 
investigated  was  enclosed  in  a  vacuum-tube,  which  was  pre- 
viousl3'  heated  to  drive  oflF  any  moisture  or  occluded  gases. 

The  vapor  was  rendered  luminous  by  the  discharge  from  the 
secondary  of  a  large  induction-coil,  whose  primary  current  was  in- 
terrupted by  a  rotary  break  attached  to  the  armature  of  an  elec- 
tric motor,  making  about  20  to  30  breaks  per  second.  The 
steadiness  of  the  light  thus  obtained  was  far  greater  than  with 
the  ordinary  Foucault  interrupter.  Probably  it  would  have  been 
still  more  satisfactory  to  use  an  alternating  dynamo  properly 
wound  to  give  a  strong  current  with  comparatively  few  alterna- 
tions. 

The  box  surrounding  the  vacuum-tube  was  heated  just  suffi- 
ciently to  give  a  steady  bright  light,  and  the  temperature  then 
kept  as  nearly  uniform  as  possible.  This  temperature  was  usu- 
ally taken  to  represent  that  of  the  vapor  within  the  tube.  This 
is,  of  course,  only  a  rough  approximation  to  the  truth;  and  in 
some  cases  the  estimate  was  much  too  low. 

As  it  was  not  intended  to  include  in  the  present  work  an  elabo- 
rate study  of  the  effect  of  temperature,  this  matter  was  not  of 
great  consequence.  It  ma\'  be  suggested,  however,  that  a  very 
much  closer  approximation  to  the  real  temperature  could  be  ob- 
tained by  winding  a  platinum  wire  about  the  capillary  portion 
of  the  tube,  and  deducing  the  temperature  from  the  variation  of 
its  resistance.  A  preliminary  experiment  in  which  a  platinum 
wire  passing  through  the  tube  and  heated  by  a  current  until  the 
platinum  spiral  outside  the  tube  was  raised  to  fixed  tempera- 
tures, would  give  a  means  of  deducing,  from  the  indications  of 
the  spiral,  the  true  temperature  within  the  tube. 

These  adjustments  being  effected,  the  screw  of  the  **  wave- 
comparer"  was  turned  to  zero;  that  is,  till  there  was  no  differ- 
ence of  path  between  the  interfering  pencils.  At  this  point  the 
visibility  should  be  as  great  as  possi'^le,   and  was  accordingly 


marked  100.  The  screw  (of  1  millim,  pitch)  was  then  turned 
through  one  turn,  thus  p:iving  a  dift'erencc  of  path  of  2  mitlim,, 
and  the  visibility  again  estimated,  and  so  on.  The  curve  was 
then  drawn*  giving  the  estimated  visibility  for  each  2  milUtn. 
difference  of  path;  and  this  was  corrected  ior  the  personal  equa- 
tion, as  before  described. 

Hydrogen, 

The  full  curve  in  fig*  3  /j,  PI.  XLIIl,  represents  such  a  curve  for 
the  red  hydrogen  line*  at  a  pressure  of  about  1  niillim.  and  a 
temperature  of  about  50^  C, 

The  dotted  curve  represents 

It  follows  that  the  visibility-curve  is  practically  the  same 
that  due  to  a  double  source,  whose  components  have  the  inten* 
sity  ratio  7  :  10,  and  in  each  of  which  the  light  is  distributed 
according  to  the  exponential  law»  expressed  by  the  first  term. 

The  formula  for  a  double  source,  where  the  components  are 
similar,  is 

1  +  r*  -t-  2r  cos  2n^ 


\^  = 


D 


1  +  r'  +  2r 


V^ 


in  which  D,  the  period  of  the  curve*  is  inversely  proportional  l^* 
the  distance  between  the  components. 
But  D  =  KKi  =  (K  +  1)^2,  whence 

Hence,  in  the  present  instance  we  have  for  the  distance  between 

the  components  of  the  red  h\'drogen-Iine 

1  30  X  (6.50  X  10-*)-  =  1.4  X  lO-*  milHm. 

or  0.14  division  of  Rowland's  scale. 
Again,  if  <y  be  the  ''half- width  *■  of  the  spectral  line  (the  value  of 

A*  when  </>(a')  —  i).  then 

^(x)  =  2    *^  ,  and  V  =:  e  ~     /*     * 

•  The  h3*drc»)LCcn  was  pn'prrcO  bv  «lrop|iing  distilled  water  tipori  soclitim  i 
gatii»  and  allowing  the  gas  to  pass  through  sujplrurfc  acid  into  the  vacuum-It 
which  was*  rcj^atedU*  exhausted  until  the  spectrum  of  hydrogen  was  nearly  fmrmT 

t  As  frecjuent  use  is  to  he  made  of  the  function 

|H-r*-h2rco»2;r| 

\'        1  +  H  +  2r        • 
it  will  be  abbreviated  to  the  form  cos  r/D. 
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72  1 
If  J  be  the  value  of  X  for  V  =  1,  then  6  = T-,or,  with  sufficient 

22 
accuracy,  ^  =  --^  • 

Substituting  the  value  of  S  in  the  equation  for  V,  we  have 
--XJ 
V  2  =^  ^^ .    The  value  of  J  in  the  hydrogen  curve  is  19.    Accord- 
ingly,   after   reducing  to    the  same   units  as   above,    we   have 
6  =  0.049. 

From  these  data  fig.  3  a,  Plate  XLIII,  was  constructed,  the  full 
curve  showing  the  distribution  of  light  in  the  source. 

Fig.  4  b,  Plate  XLIII,  gives,  in  the  full  curve,  the  corrected  val- 
ues of  the  visibility  of  the  blue  hydrogen-line,  at  the  same  temper- 
ature and  pressure  as  before.  The  dotted  curve  represents  a  dou- 
ble exponential,  as  before.    The  formula  for  this  curve  is 

V  =  2-^Va^cos  .7/28, 

thus  giving  a  =  0.08  for  the  distance  between  the  components, 
and  ^  =  0.057  for  the  **half  width  *'  of  each.  These  values  give 
for  the  distribution  of  light  in  the  blue  hydrogen-line,  the  ful- 
curve  in  fig.  4  a. 

Oxygen. 

Fig.  5,  Plate  XLIII,  represents  the  results  obtained  from  oxygen 
prepared  by  heating  a  tube  containing  mercuric  oxide,  drying 
the  gas  by  sulphuric  acid,  and  exhausting  and  filling  repeatedly 
till  the  spectrum  was  nearly  pure.  The  lines  are  much  less  bright 
than  those  of  h3'drogen;  and  in  order  to  obtain  satis^ctory 
results,  the  current  had  to  be  increased  so  far  that  the  tube  was 
frequently  broken.  Notwithstanding  the  somewhat  uncertain 
character  of  the  observations,  it  will  be  seen  from  fig.  5a  that 
the  curve  for  the  orange-red  line  corresponds  very  well  with 
that  given  by  the  formula 

V  =  2-^*^**[.36  +  .32  cos  2;rX/2.69  +.16  cos  27rX/4.85 

+  .16  cos  2»'X/1.73]^. 

The  agreement  between  the  coefficient  2~^*/^^  and  the  general 
curve  drawn  through  the  maxima  is  also  shown  in  fig.  5  6, 
Plate  XLIII. 

The  interpretation  of  these  results  is  that  the  orange-red  0x3'- 
gen  line  is  a  triple,  whose  components  have  intensities  in  the  ra- 
tios 1:1: 1/2,  and  whose  distances  apart  are  1.51  and  0.84  re- 
spectively, and  whose  ** half-width"  is  0.027.  This  is  shown  in 
fig.  5  c. 
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Application  oi  Interference  Methods^ 


Sodium. 

The  results  obtained  from  metallic  sodium  in  the  vacuum-tul 
are  so  varied,  the  character  of  the  lines  being  so  considerably  al-fl 
tered  by  temperature  and  pressure,  that  a  complete  study  is  at 
present  impossible*  This  is  especially  true  of  the  yellow  lines; 
and  the  difficulty  is  considerably  increased  on  account  of  the  in- 
sufficiency of  the  dispersion  used,  which  does  not  permit  the  sepa- 
rate examination  of  the  lines.  Some  reference  to  the  chan| 
mentioned  will  be  given  at  the  close  of  this  paper.  At  present  it^ 
will  suffice  to  take  a  particular  case— the  pressure  being  vcn* 
low,  and  the  temperature  about  250°.* 

The  full  curve  in  fig.  6  h,  Plate  XLIII,  gives  the  experimental  re-' 
suit  for  the  visibility  at  the  maxima  for  yellow  sodium,  corrected 
for  the  personal  equation.    The  dotted  curve  corresponds  to  the 
formula 

V  =  2-^*^^^^*cos  .7  50  cos  .1  140. 

The  complete  equation,  assum  5  g  that  the  two  lines  arc  alike  ia, 

V  =  2-^Vt56»cos  .8  0.58  cos  .7/50  cos  .1  140. 

The  interpretation  of  these  results  is  that  each  of  the  sodiura. 
lines  is  a  close  double*  as  shown  in  fig,  6  a. 

The  yellow-greeti  sodium-line  at  A  —  5687  is  a  double  wh< 
components  are  about  the  same  distance  apart  as  the  jcUow 
pair.  It  was  found  to  \ye  far  less  variable  than  the  yellow; 
the  full  visibility -curve,  neglecting  slight  irregularities,  gives  tl 
experimental  results  corrected  for  personal  equation.  Fig,  7  fc» 
Plate  XLIII,  shows  that  its  components  are  single,  and  corres- 
pond in  distribution  of  light  fairly  well  with  the  exponential^ 
curve,  fig.  7  a. 

The  same  may  be  said  of  the  orange-red  double  at  615G  also^ 
except  that  this  seems  to  have  a  companion  of  feeble  intensity  ♦ 

The  doubles  at  5150  and  at  4982  were  also  examined,  the 
curves  showing  nearly  the  same  results  as  the  red. 

Zinc, 

The  temperature  at  which  the  radiations  from  metalHc  zinc 
could  be  conveniently  observed  was  in  the  neighborhood  of  the 
melting-point  of  the  glass  of  which  the  vacuum-tubes  were  made. 
But  few  observations  were  recorded^  though  these  were  quite 
consistent.  The  results  of  the  observations,  corrected  for  peri^ 
sonal  equation,  are  given  in  figs.  8  and  9,  Plate  XLllL    Tfae^ 

•  The  curve  given  above  was  obtained  a  jcar  ago;  and  since  tlien  it  has  bem 

impossible  to  reproduce  it  exactly.  ' 
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former  is  the  record  obtained  from  the  red  line  near  6360,  and 
shows  that  this  line  is  single,  the  distribution  of  light  agreeing 
very  well  with  a  simple  exponential  curve,  the  "half- width''  be- 
ing 0.013.  The  latter  shows  the  results  of  observation  on  the 
blue  line  near  4811.  The  dotted  curve  is  the  visibility-curve  due 
to  a  distribution  represented  in  fig.  9  a. 

Cadmium. 

Metallic  cadmium  in  the  vacuum-tube  at  a  temperature  of 
about  280°  gives  a  number  of  very  bright  lines,  widely  separated, 
and  varjring  very  slightly  with  temperature  or  pressure.  Fig.  10 
ft,  Plate  XLIV,  shows  the  experimental  visibility-curve  of  the  red 
line  near  6439,  corrected  for  the  personal  equation,  together  with 
the  simple  exponential  curve  V  =  2~^*/^^®*.  The  remarkab^' 
close  agreement  leaves  no  doubt  that  the  distribution  of  light  in 
the  source  follows  very  nearly  the  exponential  law  giving  the 
curve  in  fig.  10  a,  in  which  the  ** half-width"  of  the  source  is 
0.0065. 

The  result  of  a  single  set  of  observations  on  the  green  line  at 
5086  is  given  in  fig.  11  6,  Plate  XLIV,  the  approximate  agreement 
between  the  full  line  and  the  dotted  curve  (which  corresponds  to 
the  equation  V  =  2~^*/^2^cos  .2/115)  showing  that  the  source  is 
a  close  double,  the  intensity  of  whose  components  is  in  the  ratio 
5  : 1,  and  whose  distance  apart  is  .022,  the  "half-width"  of  each 
component  being  0.0048. 

The  curve  for  the  blue  radiation  at  4800  is  given  in  fig.  12  by 
Plate  XLIV,  and  shows  that  the  results  may  be  approximately 
represented  by  V  =  2~^*/^^  cos  .1/32,  which  corresponds  to  the 
distribution  of  intensity  given  in  fig.  12  a. 

Tballium. 

The  metal  is  not  sufficiently  volatile  at  the  temperatures  at- 
tainable, but  the  chloride  answers  admirably,  giving  a  brilliant 
green  light,  the  visibility-curve  varying  but  little  with  tempera- 
ture. This  curve  is  given  in  fig.  13  6,  Plate  XLIV.,  together  with 
the  dotted  curve  representing  the  equation 


V  =  \  cos  .2  160;4Vi^  +  V/  +  4ViVi  cos  2«'X/25.3, 
in  which  Vi  =  2-X -46  and  y^  =  2"^' ^^s. 

This  is  the  visibility-curve  due  to  a  double   source,  each  of 
whose  components  is  a  close  double,  as  shown  in  fig.  13  a. 


I 
I 

I 
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Mercury, 

Mercury  in  a  vacuum -tube  gives  two  yellow  lines  5790  and 
5770,  a  very  brilliant  green  line  at  5461,  and  a  violet  line  at 
4358, 

The  yellow  lines  are  not  very  bright,  and  are  so  close  together 
that  it  is  somewhat  difficult  with  the  dispersion  employed  to 
prevent  the  light  from  overlapping.  Notwithstanding  tljese  dif- 
ficulties, the  close  agreement  of  a  number  of  observations  shows 
that  the  curve  for  the  low^er  line, given  in  fig.  14  fe,  Plate  XLIV.,  is 
a  close  approximation  to  the  truth.  Neglecting  the  effect  of  a  line 
of  feeble  intensity  at  a  distance  of  about  ,24  from  the  principal 
line,  the  distribution  of  light  in  the  source  is  represented  in  fig. 
14  a,  which  gives  for  the  visibility  curve 


V  -  jV3Vj^  +  Vj^  +  6ViV^  cos  2;rX  28, 
in  which  Vi  =  2-^V20€'a„d  Va  =  ^T^'t^^^co^  .5  280. 

Fig,  15  6,  Plate  XLIV,  represents  the  results  of  observations  on 
the  upper  yellow  line,  omitting  some  peculiarities  due  to  the  pres- 
ence of  one  or  more  lines  of  feeble  intensity.  The  curve  agree* 
closclv  with  the  formula 


Y  =  i  V3Vi^  +  \V  +  6ViV,  cos  2t  X/70, 

I  in  which  V»  =  2-^'  183*  and  Vi  -  2-^*^26*  ^^.j^i^.^  represents  the 
visibility-curve  produced  by  two  lines  of  intensities  1 :3  and  sepa- 
rated by  0,019  divisions  as  shown  in  fig.  15  a. 
The  green  mercury-line  is  one  of  the  most  complex  yet  ex- 
amined. The  constituent  lines  are  nevertheless  so  fine  that  the 
interference-bands  are  frequently  visible  w  hen  the  difference  of 
path  is  over  four-tenths  of  a  metre.  The  full  curve  in  fig.  IG  b^ 
Plate  XLIV,  gives  the  results  of  observations  corrected  for  j)cr- 
sonal  equation,  while  the  dotted  curve  represents  the  equadoii 

K  V  =  2-^'/230*  ^^69Vi«  +  .aaV? TTWViV^  cos  2tX  3174. 

'in  which  Vi  =  .62  +  .38  cos  2n  X/360 

and  \t  =  .77  +  .23  cos  2?r  X /llO. 

This  is  the  visibility -cur\x*  corresponding  to  the  distribution 
represented  in  fig.  16  a.  The  components  of  the  line,  for  simplic- 
ity, have  been  assumed  to  be  symmetrical,  as  figured;  but  the 
observations  are  not  sufficiently  accurate  to  determine  whether, 
for  instance,  each  component  is  a  double  or  a  triple  line.  In  this 
case  also,  as  in  the  preceding  ones,  it  is  impossible  from  the  data 


\ 


Ti^  \%     H^ 


i 


■ 


r- 


•H-  , 


X 


Fi 


3  n 


V 


rr 


Pi 


5  n    He 


V 


n 


•  a  1* 


I 


<  i 


I 


I 


Albert  A,  Micbelson,  897 

^ven  to  determine  whether  the  smaller  component  is  to  the 
right  or  left  of  the  principal  line.  A  direct  observation  with  the 
grating  showed,  however,  that  the  smaller  component  is 
towards  the  red  end  of  the  spectrum. 

The  full  curve  shows  that  there  is  at  least  one  other  line— prob- 
ably more  than  one— whose  intensity  is  roughly  one  twentieth 
of  the  principal  line,  and  whose  distance  from  it  is  about  three 
times  that  of  the  chief  components. 

The  violet  mercury-line  is  much  more  difficult  to  observe  than 
the  others.  The  results  obtained  by  observation,  corrected  for 
personal  equations,  are  given  by  the  full  curve  fig.  17  6,  Plate 
XLIV.    The  formula  for  the  dotted  curve  is 


V  =  V.88Vi^  +  .I2V1V2  cos  2n  X/23, 
in  which  Vi  =  2-^V74«  j-  52  +  .38  cos  27t  X/200] 

and  V.  =  2-XV120«, 

the  resulting  distribution  of  light  shown  in  fig.  17  a. 

The  results  of  the  preceding  work  are  collected  for  comparison 
in  fig.  18,  Plate  XLVI.,  together  with  the  D  group  in  the  solar 
spectrum.  From  these,  as  well  as  from  the  curves,  it  will  be  seen 
that  it  is  easy  by  this  method  to  separate  lines  whose  distance 
apart  is  only  a  thousandth  of  that  between  Di  and  Dj,  and  even 
to  determine  the  distribution  of  light  in  the  separate  compo- 
nents. The  conditions  most  favorable  to  high  values  of  the  visi- 
bility are  low  density  and  low  temperature,  and  these  conditions 
were  complied  with  as  far  as  possible.  Still,  in  many  cases,  the 
range  of  visibility  due  to  slight  variations  of  the  conditions 
show  that  the  behavior  of  each  substance  must  be  carefully 
studied  under  all  possible  circumstances  of  temperature,  pressure, 
strength  of  current,  size  and  shape  of  the  electrodes,  diameter  of 
the  vacuum  tube,  etc. 

The  effect  of  temperature  and  of  pressure  on  the  visibility  may 
be  readily  accounted  for  on  the  kinetic  theory.  In  fact,  there  is 
but  little  doubt  that  these  are  the  chief  if  not  the  sole  causes  of 
the  broadening  of  the  spectral  lines  and  the  consequent  diminu- 
tion of  visibility ;  the  latter  cause  acting  by  altering  the  period  of 
the  source  by  frequent  collisions,  and  the  former,  by  the  change 
in  the  wave-length  of  the  light  due  to  the  motion  of  the  source  in 
the  line  of  sight. 

If,  now,  the  density  of  the  vapor  is  very  low,  the  second  cause 


tnay  be  ignored,  and  it  will  be  shown  that  in  the  case  of  hydrogen 
this  is  the  case  when  the  presiire  is  one  or  two  millimetres. 

In  most  of  the  cases  investigated  the  pressure  was  so  low  that 
the  discharge  passed  with  difficulty.  Supposing,  then,  the  effect 
of  collisions  to  be  insignificant,  let  it  be  proposed  to  find  the  ef- 
fect due  to  the  motion  of  the  molecule  in  the  line  of  sight*  If  v 
be  the  mean  velocity  of  the  molecule  and  V  that  of  light,  then 
the  formula  for  the  resulting  visibility-curve»  as  given  by  Lord 
Rayleigh*  is  /i  =  (/  —  a'')  {J  +  a'^. 

I        If  the  defirition  of  visibility  as  given  above  be  taken,  however, 

Lthis  becomes 

■  V  =  a"  =  e,p[-.(^  .;)•]. 

'        If  -J  be  the  difference  of  path  at  which  the  visibility  b  reduced  ! 
to  half  its  value  at  X  =^  ()» then 


or  approximately', 


7T\  n      y 


J        •      V 

4=^  15- 

K  V 


we  take  for  hydrogen   v  =  2000  metres  per  second,  then 


=  225)0. 

Again,  if  we  ignore  the  difference  in  the  temperature  (nboul 
which  there  is  considerable  uncertainty),  at  which  the  other  sub- 
stances were  examined,  the  velocities  v  would  vary  inversely  as 
the  square  root  of  the  atomic  weight,  and  the  number  of  waves 
in  the  difference  of  path  at  which  the  visibility  is  0.5  is  therefore 
22500  x'm'. 

Considering  the  difficulties  and  uncertainties  of  the  problein, 
the  following  Table  shows  a  remarkable  agreement  between  the 
values  actually  found  and  the  calculated  results.t 

*  *'0n  tile  Limit  to  Interference  when  Light  is  Radtftted  from  Moving  Mole- 
cules," Phil  Mag.  April  1.S89. 

tit  should  be  stated  that  the  value  of  ^  for  the  yellow  sodium-line,  if  taken 
from  the  curve,  would  be  much  larger  than  that  given.  The  letter  waa  the  mctitx 
of  a  number  of  observations  taken  within  the  past  month*  As  has  been  lintcd 
before,  this  particular  curve  has  not  been  obtained  since  lost  year,  A  few  other 
substances*  very  difficult  to  examine^  either  l)ecause  the  liuc«  aii  too  feeble,  or  Ij<- 
.  cause  the  spectrum  is  so  unstable,  have  given  results  not  quite  so  consistent  us 
I  the  above,  though  all  are  of  the  same  order  of  magnitude  as  that  required  liy 
^^^ory. 
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J 
Substance.  At.  Wt.      \,  J,  ^  =  X'  N.  (Calc). 

Hr  1  636  19.0  30000  22500 

Hb  1  486  8.5  18000  22500 

0 16  616  34.0  55000  80000 

Nar 23  616  66.0  107000  108000 

Nay 23  589  80.0  133000  108000 

NagT  23  567  62.0  109000  108000 

Na^' 23  515  44.0  85000  108000 

Nag" 23  498  55.0  110000  108000 

Znr  65.5  636  66.0  104000  182000 

Znb 65.5  481  47.0  98000  182000 

Cdr 112.0  644  138.0  215000  238000 

Cdg 112.0  509  120.0  236000  238000 

Cdb 112.0  480  64.0  134000  238000 

Hgj' 200.0  579  230.0  400000  317000 

Hgr'' 200.0  577  154.0  270000  317000 

HgK 200.0  546  230.0  420000  317000 

Hgb 200.0  436  100.0  230000  317000 

Tl 203.6  535  220.0  400000  322000 

In  order  to  show  conclusivel3'  that  the  effect  of  density  may  be 
neglected  in  the  foregoing  observations,  as  well  as  to  ascertain 
the  law  governing  the  broadening  of  spectral  lines  by  pressure  or 
density,  a  series  of  observations  was  made  on  the  red  hydrogen- 
line  at  varying  pressures,  with  the  results  shown  in  fig.  19  a, 
Plate  XLV.» 

From  these  curves  the  following  Table  was  calculated  :— 

Pressure  in  millim.  f^ 

90  .128 

71  .116 

47  .095 

23  .071 

13  .056 

9  .053 

3  .050 

5  .048 

In  fig.  19  b  the  curved  line  gives  the  relation  between  d  and  -, 

and  shows  clearly  that  when  p  is  less  than  5  millim.  the  effect  of 
collisions  has  almost  entirely  ceased.  If  we  take  as  variables  6 
and  p,  the  results  agree  very  closely  with  the  straight  line 
6-^6^  =  kp,  in  which  6^  =  .047  (the  **  half-w^dth  "  of  the  line  at 
zero  pressure  in  the  units  adopted),  k  =  .00093,  and  p  is  the  pres- 
sure in  millimetres.t 

The  same  results  were  found  for  the  blue  hydrogen-line,  though, 
as  might  be  expected,  these  were  not  so  consistent. 

It  thus  appears  that  in  the  case  of  hydrogen — and  probably  in 
all  other  cases — the  width  of  the  spectral  line  diminishes  towards 

•  The  numbers  against  the  curves  denote  pressure  in  millimetres, 
t  In  the  figure,  the  numbers  representing  values  of  the  abscissae  for  this  line 
shoold  be  multiplied  by  100. 


SfPrLKMBXT. 

I.  It  tmtf  ftlrcnrly  |j«cn  pointed  out  that  in  many  cases  it  is 
ilifTiciilt  or  im{iim«iilik*  to  dci'idc  between  two  or  more  distribu* 
tiiiiiN  of  line*  which  give  very  nearly  the  same  visi bill t}* -curve; 
iiixt  vvlicn  there  nre  mniiy  lines  in  the  source,  the  combinations  of 
IntcnnitieH  nnd  nrrani4einent  of  the»c  from  which  a  tyjje  may  be 
neteeti  (i  is  cnonnonHly  great.  Indeed ♦  even  when  the  number  oi 
Uuvn  i*  gnaier  (lian  three,  excepting  perhaps  the  cases  where  the 
linen  may  be  in  pair»  (nsi  in  the  ease  of  yellow  sodiiim-Hght),  the 
resulting  vlHihiMiyH.nirve  becomes  so  complex  that  it  is  very  diffi^ 
cult  to  aiuilvHe.  lUiubtless  in  many  eases  where  the  coniponentii 
arc  nut  too  elo»c,  the  grating  will  give  the  information  necessary 
for  the  tnve»tigat<n*  to  *ielect  the  proper  eombinatioo. 

U  may  readily  he  »huvvu  that  the  lormnla 

^    *"        pi       » 

for  the  vrWfii7ity -curve  due  to  a  distribatioa  ot  light,  y  =  ts-i  x' 

identical  with  that  o(  the  iVitensity-currc  at  tht:  tu^us  ui  a 

vcopc  providetl  with  apertures  which  produce  this  dtstribiitiDiB  i 

the  light  pa^ni  Accordingly,  if  a  tdescope  he  pioiMri 

with  ai*erturv  le  in  width*  (or  ktigtli) 

Apart »  the  dilTrnction  tniagt  of  a  distant  illummatcd  sfit  w^  gifi^  I 

at  once«  a  repret^ent^u  *  c  wbok  visihilitj<xrww;  flHit  ftj 

at\ju9tmcut  of  intensj t  ^  -  stances  aojr 

curv^  may  be  more  or  less  accuratelj  copied,  tbas 

HU  ^latioos  betwecsi  V  «ad 

w^.^     ^       ,^  /  y  a  rough  upproxa^Ktias  lthiIu 

nHQr    fMTOvr    more  couxmiaat    than    aaairtiiail 

It    Omt  of  the  porpoacs  which  kd  to 
Iht  search  fw  a  niiliati«.>D  of  ssffiacBt  htiiijj^i  uUr  j  te  : 

!  ol  length.    It  wiO  mppme  fiw  Ae  canro  of  I 
ere  anr  three  hnes  irhiek  OHrr^  TisezE  fiir  eUs 
IMAVpo^e.    The  ttd 
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'  mum  is  shifted  on  account  of  the  presence  of  the  companion,  a  the 
number  of  ** periods''  in  the  difference  of  path,  and  r  the  ratio  of 
the  intensities,  then 

tan  27[(p  i^  —  —-— — .♦ 

1  +  rcos  2na 

Thus,  if  r=  1/4,  ^  is  a  maximum  when  nr  is  about  13;  and  for 
this  we  have,  approximately,  ^  =  —  .04. 

This  is  the  largest  correction  to  be  applied,  and  is  negative  if 
the  brighter  line  has  the  greater  wave-length.  It  is  theoretically 
possible,  by  this  means,  to  determine,  in  case  of  an  unequal  dou- 
ble, or  a  line  unsym metrically  broadened,  whether  the  brighter 
side  is  toward  the  blue  or  the  red  end  of  the  spectrum. 

III.  It  has  been  argued  that,  even  if  all  practical  difficulties  in 
making  large  gratings  could  be  removed,  nothing  further  could 
be  gained  in  resolution  of  groups  of  spectral  lines,  on  account  of 
the  real  width  of  the  lines  themselves,  caused  by  the  lack  of  hom- 
ogeneity in  the  radiations  which  produce  them.  The  results  of 
the  preceding  investigations  show  that,  while  this  is  very  far 
from  being  true  with  present  gratings,  such  a  limit  undoubtedly 
exists.  The  accordance  between  the  measured  widths  of  eighteen 
lines  shows,  further,  that  this  broadening  of  lines  in  a  rare  gas  can 
be  ftilly  accounted  for  by  the  application  of  Doppler's  principle  to 
the  motion  of  the  vibrating  atoms  in  the  line  of  sight,  and  indeed 
furnishes  what  may  be  considered  one  of  the  most  direct  proofs 
of  the  kinetic  theory  of  gases. 

The  form  of  the  ultimate  components  of  all  the  groups  of  lines 
thus  far  examined  is  found  to  agree  fairly  well  with  an  exponen- 
tial curve,  <p{x)  =  e~^  ^  ,  which  shows  that  the  distribution  of 
velocities  cannot  vary  widely  from  that  demanded  by  Maxwell's 
theory. 

If  the  limit  above  mentioned  were  due  solely  to  the  motion  of 
the  molecule,  and  the  radiating  substance  could  be  rendered 
luminous  while  its  temperature  was  very  low,  it  might  be 
possible  to  observe  interference-phenomena  with  difference  of 
path  of  many  metres.  But  it  must  be  considered  that,  since 
every  vibrating  molecule  is  communicating  its  energy  to  the 
aether  in  the  form  of  light-waves,  its  \nbrations  must  diminish  in 
amplitude;  consequently  the  train  of  waves  is  no  longer  homo- 
geneous even  though  the  vibrations  remain  absolutely  isochron- 
ous, and  the  result  is  a  broadening  of  the  line  and  limitation  of 
the  difference  of  path  at  which  interference  is  visible. 

•  Sec  Phil.  Mag.  April  1891,  page  345.    (The  value  of  r  is  the  reciprocal  of 
that  here  used.) 


•then       '"  the  ./■IV^'-o^ 


-1 


'''■<^nee7r-fthe, 


*  Or  ,?"■»■  tro.!-  "•  cas,,  „ /'  «  t4°*«t.Ve  .V  A  of 

'  «Wd?:  ^••">  tf    ,*^  'Pe^J''  *ke  h  .'  "oof  /   <=»" 

;°'-^o„t'^°'°^''''«fe-         "*""  Hi 

^-««1"'  ''^o^^  Vll'  "'^  ^<tl^'*'^?  f  e  four 

'^  n^i  ^^  Inn  '°  ^^  too  ^ag"« 

?''^^  4/  '^ ^Otb,^  ^  °°^«  it  moredefinite 

^'  *"'o«v,s  :V  ^ff  •^"''s  o/- ,,.  existence  of  a 

•^^iKfa/  b      ^^tion  '  ^^  ^  darkening 

r^  "^"^  soL^           '^  *^^*»Ve/7°^  .  *^^  reduction  in 

^"hsta    ^^  ***  tfie                    *  *^  ^°  accession  of 

.;;''^   Cr^  b^'^'^^^'on  ^,  Aie  that  the  static 

^^oaj^    ^^,  ,Y      '^^^er^J  "  "*  ^"*^^  incapable 

""^  ^  ^^Ll?*  ^iff^'^^t  h  rmations  which  are 

^^^firr**>?Cf  t^^^'^^co     ^  the  two  bodies;  for 

VA       ^^  lis   .-^        *A/j#L  ^     Of 

^^do^        ^^rp.      '   s/n  essary  to  assume  on 

'^'•'ts^^^^t  ^f-^^   to   ..^^  -ion  would  last  for  so 

^^*^^^^.     ^^fir>     ^'sh  .-  ^t  to  derive  a  trust- 

:^^*iw    7VV  J-        Ottjq  .1  circumstances  from  a 

"^  '^^i^      *^iV  ^^^*ro»,  *  *he  bodies  could  assume 
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shifted  on  account  of  the  presence  of  the  companion,  a  the 
•  of  ** periods''  in  the  difference  of  path,  and  r  the  ratio  of 
nsities,  then 

^                      rsin  27ra      „ 
tan  27rcp  =.  —  — — -— .♦ 

if  r=  1/4,  9?  is  a  maximum  when  a  is  about  1/3;  and  for 

have,  approximately,  9?  =  —  .04. 

is  the  largest  correction  to  be  applied,  and  is  negative  if 

^hter  line  has  the  greater  wave-length.    It  is  theoretically 

J,  by  this  means,  to  determine,  in  case  of  an  unequal  dou- 

a  line  unsym metrically  broadened,  whether  the  brighter 

oward  the  blue  or  the  red  end  of  the  spectrum. 

[t  has  been  argued  that,  even  if  all  practical  difficulties  in 

large  gratings  could  be  removed,  nothing  further  could 
id  in  resolution  of  groups  of  spectral  lines,  on  account  of 

width  of  the  lines  themselves,  caused  by  the  lack  of  hom- 
jr  in  the  radiations  which  produce  them.  The  results  of 
ceding  investigations  show  that,  while  this  is  very  far 
ing  true  with  present  gratings,  such  a  limit  undoubtedly 

The  accordance  between  the  measured  widths  of  eighteen 
>ws,  further,  that  this  broadening  of  lines  in  a  rare  gas  can 
accounted  for  by  the  application  of  Doppler's  principle  to 
ion  of  the  vibrating  atoms  in  the  line  of  sight,  and  indeed 
s  what  may  be  considered  one  of  the  most  direct  proofs 
inetic  theory  of  gases. 
>rm  of  the  ultimate  components  of  all  the  groups  of  lines 

examined  is  found  to  agree  fairly  well  with  an  exponen- 
ve,  (p{x)  =  e"""^  -^"^  which  shows  that  the  distribution  of 
rs  cannot  vary  widely  from  that  demanded  by  Maxwell's 

limit  above  mentioned  were  due  solely  to  the  motion  of 
lecule,    and   the  radiating   substance  could  be  rendered 
s    while    its    temperature    was    very    low,  it    might  be 
to    observe    interference-phenomena    with  difference  of 
many  metres.    But  it    must  be  considered  that,   since 
ibrating    molecule  is  communicating  its  energy   to   the 
the  form  of  light-waves,  its  vibrations  must  diminish  in 
de;  consequently  the  train  of  waves  is  no  longer  homo- 
even  though  the  vibrations  remain  absolutely  isochron- 
l  the  result  is  a  broadening  of  the  line  and  limitation  of 
rence  of  path  at  which  interference  is  visible. 

Phil.  Mag.  April  1S91,  page  345.    (The  value  of  r  is  the  reciprocal  of 

used.) 
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on  account  of  the  presence  of  the  companion,  a  the 
nods**  in  the  difference  of  path,  and  r  the  ratio  of 
then 

^  rsin  2no[      „ 

tan  2n(p  ~  —  -— — — .♦ 

1  +  rcos  27ta 

/4,  ^  is  a  maximum  when  a  is  about  1/3;  and  for 

pproximately,  ^  =  —  .04. 

irgest  correction  to  be  applied,  and  is  negative  if 

e  has  the  greater  wave-length.    It  is  theoretically 

s  means,  to  determine,  in  case  of  an  unequal  dou- 

nsymmetrically  broadened,  whether  the  brighter 

the  blue  or  the  red  end  of  the  spectrum. 

ecn  argued  that,  even  if  all  practical  difficulties  in 

fratings  could  be  removed,  nothing  further  could  k 

lolution  of  groups  of  spectral  lines,  on  account  of  jf 

>f  the  lines  themselves,  caused  by  the  lack  of  horn-  !0 

radiations  which  produce  them.    The  results  of  a 

nvestigations  show  that,  while  this  is  very  far  ad 
5  with  present  gratings,  such  a  limit  undoubtedly 

rordance  between  the  measured  widths  of  eighteen  les 

ther,  that  this  broadening  of  lines  in  a  rare  gas  can  ere 

:ed  for  by  the  application  of  Dopplcr's  principle  to  >ut- 

lie  vibrating  atoms  in  the  line  of  sight,  and  indeed  %^^ 

may  be  considered  one  of  the  most  direct  proofs  tioti 

leory  of  gases.  inite 

he  ultimate  components  of  all  the  groups  of  lines  of  ^ 

ed  is  found  to  agree  fairly  well  with  an  exponen-  ^rered 

)  :=e"^^,  which  shows  that  the  distribution  of  ening 

t  vary  widely  from  that  demanded  by  Maxwell's  Ion  ^^ 

ton  of 

K>ve  mentioned  were  due  solely  to  the  motion  of  static 

ind  the  radiating    substance  could  be  rendered  ap^^^^ 

its    temperature    was    very   low,  it    might  be  ich  at' 

jcrve    interference-phenomena   with  diffi^rence  of  ies;  fo 

metres.    But  it    must  be  considered  that,  since  ume  o 

;  molecule  is  communicating  its  energy  to   the  t  for  ? 

n  of  light-waves,  its  \4brations  most  diminish  in  a  ^^^* 

icquently  the  train  of  waves  is  no  longer  homo-  s  ftotn 

CM^h  the  vibrations  remain  absolutely  isochron-  J  assu 
-•*  •s  a  broadening  of  the  Kne  and  limitation  of 
\  at  which  interference  is  visible. 
1891,  pc'ige  345.    (Tbe  Tslae  of  r  is  the  reciprocal  of 
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Supplement, 

L  It  has  already  been  pointed  out  that  in  many  cases  it  is 
difficult  or  impossible  to  decide  l>etvveen  two  or  more  distribu- 
tions of  lines  which  give  very  nearly  the  same  visibility-curi'c; 
and  when  there  are  many  lines  in  the  source,  the  combinations  of 
^tensities  and  arrangement  of  these  from  which  a  type  may  be 
elected  is  enormously  great.  Indeed,  even  when  the  number  of 
ines  is  greater  than  three*  excepting  perhaps  the  cases  where  the 
lines  may  be  in  pairs  (as  in  the  case  of  yellow  sodium-light),  the 
resulting  visibility-curve  becomes  so  complex  that  it  is  very  diffi- 
cult to  analyse.  Doubtless  in  many  cases  where  the  components 
are  not  too  close,  the  grating  will  give  the  information  m 
for  the  investigator  to  select  the  proper  combination. 

It  may  readily  be  shown  that  tlie  formula 

^t  ,r.  _  C*  +  S" 


V  = 


pi 


^in;lie  visibility-curye  due  to  a  distribution  of  light,  v  —  ^Hxh  i« 
identical  with  that  of  the  //itens/tr-curve  at  the  focus  of  a  tele- 
scope provided  with  apertures  which  produce  this  distribution  in 
the  light  passing  through.  Accordingl3*|  If  a  telescope  be  provid 
with  apertures  adjustable  in  width,  (or  length)  and  distac 
apart,  the  diffraction  image  of  a  distant  illuminated  slit  will  give, 
at  once,  a  representation  of  the  whole  visibility" -curve;  and  byj 
adjustment  of  intensities  and  distances  any  particular  visibility* 
curve  may  be  more  or  less  accurately  copied,  thus  furnishing  a 
means  of  studying  the  relations  between  V  and  (p{x),  which. 
while  giving  perhaps  only  a  rough  approximation  to  the  CruthJ 
may  prove  more  convenient  than  analytical  or  graphical 
methods. 

IL  One  of  the  purposes  which  led  to  these  investigations  was 
the  search  for  a  radiation  of  sufficient  homogeneity  to  scn^e  as  an 
ultimate  standard  of  length.  It  will  appear  from  the  curves 
cadmium  that  there  are  three  lines  which  may  be  used  for  tt 
purpose.  The  red  cadmium-line  is  almost  ideally  homogeneous, 
and  will  readily  permit  the  estimation  of  a  change  of  phase  in  the 
interference- fringes  of  one  hundredth  of  a  fringe  in  a  total  dig-* 
tance  of  200  millimetres,  or  over  300,000  waves. 

Botli  the  green  and  the  blue  lines  are  fEurly  well  adapted  for  ; 
purpose,  and  will  prove  very  valuable  as  checks.     Each  of  tht^, 

owever,  has  a  small  companion,  and  it  is  necessary  to  know*  the 
effect  of  this  in  altering  the  phase  of  the  interference-bands. 

If  <;p  be  the  fraction  of  a  wave  by  which  the  positioit  i 
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'  mum  is  shifted  on  account  of  the  presence  of  the  companion,  a  the 
number  of  ** periods*'  in  the  difference  of  path,  and  r  the  ratio  of 
the  intensities,  then 

^  rsin  27ra      „ 

tan  2n(p  ^  —  — — — .* 

l  +  rcos27ra 

Thus,  if  r  =  1/4,  ^  is  a  maximum  when  nr  is  about  1/3 ;  and  for 
this  we  have,  approximately,  ^  =  —  .04. 

This  is  the  largest  correction  to  be  applied,  and  is  negative  if 
the  brighter  line  has  the  greater  wave-length.  It  is  theoretically 
possible,  by  this  means,  to  determine,  in  case  of  an  unequal  dou- 
ble, or  a  line  unsymmetrically  broadened,  whether  the  brighter 
side  is  toward  the  blue  or  the  red  end  of  the  spectrum. 

III.  It  has  been  argued  that,  even  if  all  practical  difficulties  in 
making  large  gratings  could  be  removed,  nothing  further  could 
be  gained  in  resolution  of  groups  of  spectral  lines,  on  account  of 
the  real  width  of  the  lines  themselves,  caused  by  the  lack  of  hom- 
ogeneity in  the  radiations  which  produce  them.  The  results  of 
the  preceding  investigations  show  that,  while  this  is  very  far 
from  being  true  with  present  gratings,  such  a  limit  undoubtedly 
exists.  The  accordance  between  the  measured  widths  of  eighteen 
lines  shows,  further,  that  this  broadening  of  lines  in  a  rare  gas  can 
beftilly  accounted  for  by  the  application  of  Doppler's  principle  to 
the  motion  of  the  vibrating  atoms  in  the  line  of  sight,  and  indeed 
furnishes  what  may  be  considered  one  of  the  most  direct  proofs 
of  the  kinetic  theory  of  gases. 

The  form  of  the  ultimate  components  of  all  the  groups  of  lines 
thus  far  examined  is  found  to  agree  fairly  well  with  an  exponen- 
tial curve,  <p{x)  =e~"^^,  which  shows  that  the  distribution  of 
velocities  cannot  vary  widely  from  that  demanded  by  Maxwell's 
theory. 

If  the  limit  above  mentioned  were  due  solely  to  the  motion  of 
the  molecule,  and  the  radiating  substance  could  be  rendered 
luminous  while  its  temperature  was  ver^"  low,  it  might  be 
possible  to  observe  interference-phenomena  with  difference  of 
path  of  many  metres.  But  it  must  be  considered  that,  since 
every  vibrating  molecule  is  communicating  its  energy  to  the 
aether  in  the  form  of  light-waves,  its  vibrations  must  diminish  in 
amplitude;  consequently  the  train  of  waves  is  no  longer  homo- 
geneous even  though  the  vibrations  remain  absolutely  isochron- 
ous, and  the  result  is  a  broadening  of  the  line  and  limitation  of 
the  difference  of  path  at  which  interference  is  visible. 

•  Sec  Phil.  Mag.  April  1891,  page  345.    (The  value  of  r  is  the  reciprocal  of 
that  here  used.) 


ON   THE  NEW  STAR   IN   THE  CONSTELLATION   AURIGA.* 


H.SBELIGBR. 


The  phenomena  presented  by  the  new  star  in  Auriga  were  in 
the  highest  degree  remarkable.    Sjjectroscopic,  as  well  as  i^hoto* 
metric  observations,  were  much  more  numerous  than  in  prtTioos 
apparitions  of  this  kind,  and  for  this  reason  they  have  sufficed  to 
show  that  a  number  of  explanations  which  had  been  given  of  ear- 
j     lier  new  stars,  with  more  or  less  plausibility,  are  in  the  present 
^|ase  untenable.    On  the  other  hand,  it  is  very  difficult  to  combine^ 
^Bhe  details  of  all  the  published  observations  in  a  manner  which  i^ 
r     ^desirable  for  a  satisfactory  test  of  a  definite  hypothesis.    It  there- 
fore seems  to  me  appropriate  to  present  a  new  attempt  at  expla- 
nation^in  a  hypothesis  which  appears  to  agree  better  than  others 
with  the  principal  results  of  observation,  but  the  final  test  of 
which  in  nil  its  details  must  be  left  to  the  future.     Should  difficult 
p      tics  be  encountered  in  applying  rt  to  the  present  case»  which  I  ad- 
^kiit  is  possible,  though  scarcely  probable,  it  nevertheless  deserves 
^^  somewhat  exhaustive  discussion,  since  it  deals  with  conditionsj 
which  I  believe  to  be  entirely  possible,  and  it  is  therefore  a  vali^ 
hypothesis  for  the  appearance  of  certain  new  stars.    I  shall  there- 
fore, in  more  firmly  establishing  this  hypothesis,  confine  myself  to 
the  conditions  which  are  regarded  by  observers  as  proved  by  the 
results  of  their  observations,  an  examination  of  the  latter  nut 
oming  within  the  scope  of  these  lines,     I  may  state  that  I  gave 
e  sulistanee  of  the  following  remarks  in  a  treatise  published  in 
arch  of  the  present  year.t 

The  principal  results  of  observation,  which  ni  i\  He  regarded 
characteristic  of  the  entire  phenomenon^  are  the  following: 
(1.)    According  to  Herr   Lindemann,$  the  light  curve  of  the 
ova  exhibited  these  peculiarities  : 

From  the  1st  to  the  3d  of  February  the  photometric  ctirve 

se  rapidly  to  a  brightness  of  4"*. 7,  then  sank   graduiilly  ttntit 

eb.  13th,  and  more  rapidly  until  Feb.  16th,  when  the  brightnests 

as  5*'\8.    On  Feb.  18th  it  reached  n  sec<md  maximum  of  5"M4» 

had  then  on  Feb.  23  a  second  minimum,  likewise  of  5^M^  tbco 

third  maximum  on  March  2  again  of  5*". 4,  then  sank,  at  first^ 


•  Tratislatctl  from  A.  N.  3ltK.  The  unit  of  length  ndofiie.l  hv  Vt 
the  GemnATi  j;eo>£riiphtcal  mile — hits  been  retained  in  the  tr. 
ici'l  results  iif  the  m«ihem«iical  treattncut  are  of  tio  sjxv- 
man  mile  —  4r  01  English  mtle?5,— Tr. 

f  Nebcr  ^llgemeinc  Probleme  iler  MechAtiik  dea  Hlmmelt,  S.  28, 

t  A.  N.  3094. 
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slowly  until  March  6th,  then  quickly,  in  a  straight  line,  reaching 
the  9™.3  on  March  22d.  To  this  is  to  be  added  that  the  photo- 
graphs taken  at  Harvard  College  show  that  the  star  began  to  be 
visible  in  the  beginning  of  December,  1891,  and  had  already 
reached  a  maximum  of  brightness  on  Dec.  20 — 22,  which  however 
did  not  quite  equal  the  later  one  on  Feb.  3d. 

(2.)  The  spectrum  of  the  new  star  was  very  remarkable.  Herr 
Vogel  says  in  regard  to  it,  summing  up  the  results  obtained  at 
Potsdam*:  **The  observations  have  led  to  the  altogether  interest- 
ing result,  that  the  spectrum  of  the  Nova  consists  of  two  super- 
posed spectra,  and  that  a  number  of  lines,  particularly  those  of 
hydrogen,  which  appear  bright  in  one  spectrum  and  dark  in  the 
other,  have  a  strong  relative  displacement.  This  result  can 
hardly  be  interpreted  otherwise  than  as  signifying  the  presence 
of  two  bodies  having  a  very  considerable  motion  in  the  line  of 

sight The  two  bodies  were  separating  with  a 

relative  velocity  which  did  not  vary  appreciably  during  the  four 
weeks  of  observation  (in  February),  and  which  was  at  least  120 
(German)  miles  per  second.*'  To  this  should  be  added  that  a 
number  of  maxima  of  brightness  appeared  in  the  very  broad 
bright  lines,  two  of  them  being  fairly  distinct.  * 

To  explain  these  facts  it  has  been  assumed  that  two  bodies 
passed  very  close  to  each  other,  and  that  the  changes  which  were 
thereby  produced  in  their  atmospheres  caused  the  sudden  out- 
burst of  light.  As  thus  stated,  the  hypothesis  is  much  too  vague 
for  detailed  application.  It  is  true  that,  following  a  suggestion 
by  Klinkerfues,  an  attempt  has  been  made  to  form  a  more  definite 
conception  of  the  phenomenon,  by  assuming  the  existence  of  a 
powerful  tidal  action  between  the  two  bodies;  at  places  covered 
by  the  flood  of  the  atmospheric  tide  there  would  be  a  darkening 
due  to  absorption,  and  at  the  places  of  the  ebb  the  reduction  in 
thickness  of  the  atmospheric  strata  would  cause  an  accession  of 
brightness.  To  this  the  objection  must  be  made  that  the  static 
theory  of  the  tides,  which  is  used  throughout,  is  quite  incapable 
of  giving  a  correct  representation  of  the  deformations  which  are 
doubtless  produced  by  the  close  passage  of  the  two  bodies;  for 
with  very  eccentric  orbits  (which  it  is  necessary  to  assume  on 
other  grounds),  the  continualh-  varying  action  would  last  for  so 
short  a  time  that  one  could  scarcely  expect  to  derive  a  trust- 
worth3'  conclusion  in  regard  to  the  actual  circumstances  from  a 
consideration  based  on  the  forms  which  the  bodies  could  assume 

•  Yierteljahrschrift  der  Astr.  Gesellsch.  Band  27.  S.  141. 
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in  equilibrium ;— not  taking  into  account  the  fact  that  such  a  ct)ii- 
sideration  generally  yields  only  a|>prox'mate  results,  the  accuracy 
of  which  it  is  impossible  to  estimate.    In  the  case  of  Nova  Ann. 
g^e  particularly,  as  will  be  shown  farther  on,  the  action  of  the 
two  bodies  on  each  other  must  be  regarded    as  arising  almoft 
suddenly  and  then  vanishing.    It  should    further  not    be  orcr- 
looked,  that  t!ie  atmosphere  of  an  incandescent  heavenly   body 
must  be  regarded  as  the  outer  en%'clope    of  a    series    of  denser 
strata,  and  that  these  also  are  distorted,  although  by  a  smaller 
amount.    On  this  account  it  has  generally  been  held  that  the  dts. 
tort  ion  is  accompanied  by  eruptions  of  gas  from  the  interior  of 
the  body.    This  assumption  contains  truly  nothing    impossible, 
but    without    greater  defmiteness  it  is  scarcely   serviceable  for 
purposes  of  discussion.    At, any  rate,  it  would  be  necessary  to 
make  still  further  hypotheses  to  make  this  explanation  hold  when 
applied  to  special  cases.     Thus,  in  the  case  of  Nova  Aurigse  there 
would  still  remain  unexplained,  why  one  spectrum  is  in  the  main 
an  absorption  spectrum,  the  other  a  spectrum    of   incandescent 
gas.    It  is  true  that  this  difficulty  could  be  obviated  by  oieans  of 
special  assumptions,  but  it  is  not  very  probable  that  oar  coii& 
dencein  the  validity  of  the  hypothesis  would  be  thei-eby  increased. 
In  Nova  Aurigie  still  other  facts  present  themselves,  which  Ac 
not  speak  in  favor  of  the  h^'pothesis.    It  ts  at  least  very  sur- 
prising that  just  here  we  should  meet  with  cosniical  masses  mot' 
ing  w^ith  velocities  so  enormous  as  to  be  almost  unprecedented, 
The  existence  of  such  velocities  must,  therefore,  be  regarded 
one  of  the  facts  to  be  expl?iined.     Formulae  are  given  farther  be- 
low^  which  up  to  a  certain  point  allow  the  mechanical  conditions 
of  the  close  passage    of   two  cosmical    bodies    to    be   followci 
mathematically.     From  these  formula;  it  follows  that   in  Nc 
Aurigae  the  two  bodies  could   describe  parabolas   around  each 
other,  only  in  case  their  united  masses  were  very  much   greatrt 
than  15,000  times  the  mass  of  the  Svm.    For  a  hyperbolic  mo* 
tion  it  is  possible  to  arrive  al  materially  smaller  masses  only  In 
assuming  that  the  observed  great  relative  velocity  of  120  miJo 
per  second  has  been  produced  in  only  a  small  deg^ree  by  their  at- 
traction, and  t!mt  it  existed  almost  entirely  in    the  beginning. 
We  have,  therefore,  either  to  choose  the  assumption  of  extrenidT 
great  masses,  or  renounce  an  explanation  of  the  grreat  relative 
velocity.    Now  neither  assumption  contains  an  actual  impo««- 
bllity,  but  I  do  not  believe  that  unequivocal   testimon3'  for  the 
correctness  of  the  hypothesis  can  be  recognized  in  either  of  ihein 
In  my  mind  they  make  the  hypothesis  very  much  less  plausible. 
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The  formulae  already  mentioned  show,  as  will  be  explained 
more  fully  below,  that  the  supposed  action  of  the  two  bodies  in 
the  present  case  must  have  passed  off  ver\^  rapidly,  perhaps  that 
it  could  have  been  brought  into  play  for  but  a  few  hours.  The 
action  must  necessarily  have  taken  place  at  the  first  outburst 
of  the  star,  in  the  beginning  of  December,  1891.  Why,  therefore, 
the  Nova  should  have  reached  a  second,  and,  to  all  appearances, 
greater  maximum  several  weeks  later  (in  the  beginning  of  Feb- 
ruary, 1892),  and  further,  why  the  light  curve  should  have  sunk 
slowly  until  the  beginning  of  March  and  then  have  fallen  off 
rapidly;  seems  to  me  to  be  scarcely,  if  at  all,  explicable,  on  the 
ground  of  the  hypothesis  above  mentioned.  The  difficulty  \vin 
at  any  rate  exist  until  it  is  expressly  obviated  in  all  its  details. 

The  difficulties  which  have  been  above  briefly  touched  upon, 
disappear  entirely  in  the  light  of  the  following  considerations. 
The  results  obtained  by  astronomical  photography,  particularly 
the  work  of  Herr  Max  Wolf,  have  left  no  doubt  that  space  is 
filled  with  more  or  less  extensive  aggregations  of  thinly  scattered 
matter.  The  physical  constitution  of  these  cosmical  clouds  will 
obviously  differ  greatly,  and  we  may  leave  this  question  open, 
without  investigating  it  further.  Now,  that  a  heavenly  body 
should  become  involved  in  such  a  cosmical  cloud  is  in  itself  not 
improbable,  and  at  any  rate  it  is  much  more  probable  than  the 
close  approach  of  another  compact  body  required  by  the  hy- 
pothesis which  has  been  considered  above.  But  as  soon  as  a 
body  enters  such  a  cosmical  cloud,  its  surface  will  begin  to  be 
heated,  no  matter  what  the  constitution  of  the  sparsely  dis- 
tributed material  may  be.  In  consequence  of  the  superficial  heat- 
ing, vaporized  products  will  form  around  the  body,  which  will  in 
part  become  detached  from  it  and  quickly  assume  the  velocity  of 
the  neighboring  parts  of  the  cloud. 

It  will  be  appropriate  to  compare  such  an  occurrence  with  the 
well  known  and  quite  similar  one  of  shooting-stars  or  meteors. 
In  this  case,  also,  a  compact  body,  moving  with  a  certain  veloc- 
it3%  penetrates  a  mass  of  very  tenuous  matter  (the  upper  strata 
of  the  atmosphere);  it  is  heated  and  partially  vaporized,  and  its 
path  is  marked  by  a  luminous  train,  which  is  often  visible  for  a 
long  time  after  the  sudden  appearance  of  the  meteor.  The  sepa- 
rated particles  quickly  lose  their  velocity  relatively  to  the  air,  for 
they  scarcely  seem  to  follow  the  motion  of  the  meteor. 

If  the  star  thus  made  incandescent  by  resistance  should  be  ex- 
amined with  a  spectroscope,  two  superposed  spectra  would 
obviously  be  seen.    One  would  in  general  be  continuous  "  *"*    ^b. 


906  On  the  New  Stnr  in  the  Constellation  Auriga, 


in  equilibrium ;— not  taking  into  account  the  fact  that  such  a  con^ 
sideration  crenerally  3'ields  only  approximate  results,  the  accuracy 
of  which  it  is  impossible  to  estimate.  In  the  case  of  Nova  Aon- 
gs£  particularly,  as  will  l)e  shown  farther  on»  the  action  of  th« 
two  bodies  on  each  other  must  be  regarded  as  arising  almo?! 
suddenly  and  then  vanishing.  It  should  further  not  be  over- 
looked, that  the  atmosphere  of  an  incandescent  heavenly  hodj 
must  be  regarded  as  the  outer  envelope  of  a  series  of  densa 
strata*  and  that  these  also  are  distorted,  although  by  a  smallcf 
amount.  On  this  account  it  has  generally  been  held  that  the  dis 
tortion  is  accompanied  by  eruptions  of  gas  from  the  interior  g 
the  body.  This  assumption  contains  truly  nothing  impossible 
but  without  greater  dcfiniteness  it  is  scarcely  serv^iceablc  fo| 
purposes  of  discussion.  At, any  rate^  it  would  be  necessary  t( 
make  still  further  hypotheses  to  make  this  explanation  holdwb^l 
applied  to  special  cases.  Thus,  in  the  case  of  Nova  Aurigae  tHcfi 
would  still  remain  unexplained,  why  one  spectrum  is  in  the  mai 
an  absorption  spectrum,  the  other  a  spectrum  of  incandescoj 
gas.  It  is  true  that  this  difficulty  could  be  obviated  by  means  i 
special  assumptions,  but  it  is  not  very  probable  that  our  con 
dencein  the  validity  of  the  hypothesis  would  be  thereby  increasa 
In  Nova  Aurig^e  still  other  facts  present  themselves,  which  c 
not  speak  in  favor  of  the  hypothesis.  It  is  at  least  very  84 
prising  that  just  here  we  should  meet  with  cosmical  masses  mo 
ing  with  velocities  so  enormous  as  to  be  almost  unprecedentc 
The  existence  of  such  velocities  must,  therefore,  he  regarded  i 
one  of  the  facts  to  be  explained.  Formula?  are  given  farther  b 
low  w  hich  up  to  a  certain  point  allow  the  mechanical  conditioi 
of  the  close  passage  of  two  cosmical  bodies  to  he  follow 
mathematically.  From  these  tormulte  it  follows  that  in  Xoi 
Aurigae  the  two  bodies  could  describe  parabolas  around  eji 
other,  only  in  case  their  united  masses  were  very  much  greal 
than  15.000  times  the  mass  of  the  Sun.  For  a  hyperbolic  tn 
tion  it  is  possible  to  arrive  at  materially  smaller  masses  only  b) 
assuming  that  the  observed  great  relative  velocity  of  120  niH 
per  second  has  been  produced  in  only  a  small  degfree  hy  thein 
traction,  and  that  it  existed  almost  entirely  in  the  bcginntti 
We  have,  therefore,  either  to  choose  the  assumption  of  extreme 
great  masses,  or  renounce  an  explanation  of  the  gjreat  rclatr 
velocity.  Now  neither  assumption  contains  an  actual  impoj 
hllity,  but  I  do  not  !>elieve  that  unequivocal  testimony  for  tl 
correctness  of  the  hypothesis  can  be  recognized  in  either  of  tb 
In  my  mind  they  make  the  hypothesis  very  much  less  plausible 
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The  formulae  already  mentioned  show,  as  will  be  explained 
more  fully  below,  that  the  supposed  action  of  the  two  bodies  in 
the  present  case  must  have  passed  off  very  rapidh%  perhaps  that 
it  could  have  been  brought  into  play  for  but  a  few  hours.  The 
action  must  necessarily  have  taken  place  at  the  first  outburst 
of  the  star,  in  the  beginning  of  December,  1891.  Why,  therefore, 
the  Nova  should  have  reached  a  second,  and,  to  all  appearances, 
greater  maximum  several  weeks  later  (in  the  beginning  of  Feb- 
ruary, 1892),  and  further,  why  the  light  curve  should  have  sunk 
slowly  until  the  beginning  of  March  and  then  have  fallen  off 
rapidly;  seems  to  me  to  be  scarcely,  if  at  all,  explicable,  on  the 
ground  of  the  hypothesis  above  mentioned.  The  difficulty  will 
at  any  rate  exist  until  it  is  expressly  obviated  in  all  its  details. 

The  difficulties  which  have  been  above  briefly  touched  upon, 
disappear  entirely  in  the  light  of  the  following  considerations. 
The  results  obtained  by  astronomical  photography,  particularly 
the  work  of  Herr  Max  Wolf,  have  left  no  doubt  that  space  is 
filled  with  more  or  less  extensive  aggregations  of  thinly  scattered 
matter.  The  physical  constitution  of  these  cosmical  clouds  will 
obviously  differ  greatly,  and  we  may  leave  this  question  open, 
-without  investigating  it  further.  Now,  that  a  heavenly  body 
should  become  involved  in  such  a  cosmical  cloud  is  in  itself  not 
improbable,  and  at  any  rate  it  is  much  more  probable  than  the 
close  approach  of  another  compact  body  required  by  the  hy- 
pothesis which  has  been  considered  above.  But  as  soon  as  a 
body  enters  such  a  cosmical  cloud,  its  surface  will  begin  to  be 
heated,  no  matter  what  the  constitution  of  the  sparsely  dis- 
tributed material  may  be.  In  consequence  of  the  superficial  heat- 
ing, vaporized  products  will  form  around  the  body,  which  will  in 
part  become  detached  from  it  and  quickly  assume  the  velocity  of 
the  neighboring  parts  of  the  cloud. 

It  will  be  appropriate  to  compare  such  an  occurrence  with  the 
well  knowm  and  quite  similar  one  of  shooting-stars  or  meteors. 
In  this  case,  also,  a  compact  body,  moving  with  a  certain  veloc- 
ity, penetrates  a  mass  of  very  tenuous  matter  (the  upper  strata 
of  the  atmosphere);  it  is  heated  and  partially  vaporized,  and  its 
path  is  marked  b\'  a  luminous  train,  which  is  often  visible  for  a 
long  time  after  the  sudden  appearance  of  the  meteor.  The  sepa- 
rated particles  quickly  lose  their  velocity  relatively  to  the  air,  for 
they  scarcely  seem  to  follow  the  motion  of  the  meteor. 

If  the  star  thus  made  incandescent  by  resistance  should  be  ex- 
amined with  a  spectroscope,  two  superposed  spectra  would 
obvioush'  be  seen.    One  would  in  general  be  continuous,  with  ab- 


in  equilibrium  ; — not  taking  into  account  the  fact  that  such  a  con- 
sideration cjenerally  yields  only  approximate  results,  the  accuracy 
of  which  it  is  impossible  to  estimate.    In  the  case  of  Nova  Auri- 
g£e  particularly,  as  will  he  shown  farther  on,  the  action  of  the 
two  bodies  on  each  other  must  be  regarded    as  arising  almoiii 
^suddenly  and  then  vanishing.     It  should    further  not    be   orer* 
^looked,  that  the  atmosphere  of  an  incandescent  heavenly    body 
must  be  regarded  as  the  outer  envelope    of  a   series    of  denser 
^strata,  and  that  these  also  are  distorted,  although  by  a  smaller 
^f  amount.    On  this  account  it  has  generally  been  held  that  the  dis* 
tortion  is  accompanied  b_v  eruptions  of  gas  from  the  interior  of 
the  body.    This  assumption  contains  truly  nothing    impossibl 
but    without   greater  definiteness   it  is  scarceW  serviceable  fi 
purposes  of  discussion.    At  .any  rate,  it  would  be  necessary  to 
make  still  ftirther  hypotheses  to  make  this  explanation  hold  when 
applied  to  special  cases.    Thus,  in  the  case  of  Nova  Auriga?  there 
^ft would  still  remain  unexplained,  why  one  spectrum  is  in  the  oiatn 
^'an  absorption  spectrum,  the  other  a  spectrum    of  incandescent 
gas.     It  is  true  that  this  difficulty  could  be  ob\nated  by  means  of 
special  assumptions,  but  it  is  not  very  probable  that  our  confi- 
dence in  the  validity  of  the  hypothesis  would  be  thereby  incTeased> 
In  Nova  Aurig^e  still  other  facts  present  themselves,  which  do 
not  speak  in  favor  of  the  h3'pothesis.    It  is  at  least  very  w 
prising  that  just  here  w^e  should  meet  with  cosmical  masses  mor- 
ing  with  velocities  so  enormous  as  to  be  almost  un[)recedentcd. 
The  existence  of  such  velocities  must,  therefore^  be  regarded  as 
one  of  the  facts  to  be  explained.    Formulae  are  given  farther  be- 
low which  up  to  a  certain  point  allow  the  mechanical  conditions 
^Kpf  the  close  passage   of  two  cosmical    bodies    to  be  followed 
^^lathematically.     From  these  formula?  it  follows  that  in  Nora 
Aurigae  the  two  bodies  could  describe  parabolas  around  each 
)ther,  only  in  case  their  united  masses  were  very  much  greater 
''than  15;000  times  the  mass  of  the  Sun.    For  a  hyperbolic  mo* 
tion  it  is  possible  to  arrive  at  materially  smaller  masses  only  by 
assuming  that  the  observed  great  relative  velocity  of  12t)  milc5* 
per  second  has  been  produced  in  only  a  small  degree  by  their  at- 
traction»  and  that  it  existed  almost  entirely  in  the  beginning 
We  have,  therefore,  either  to  choose  the  assumption  of  extremely 
great  masses,  or  renounce  an  explanation  of  the  great  relative 
velocity.    Now  neither  assumption  contains  an  actual  impossi- 
bility, but  I  do  not  believe  that  unequivocal  testimony  for  the 
correctness  of  the  hypothesis  can  be  recognized  in  either  of  them 
In  my  mind  they  make  the  hypothesis  very  much  less  plausible. 
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The  formulae  already  mentioned  show,  as  will  be  explained 
more  fully  below,  that  the  supposed  action  of  the  two  bodies  in 
the  present  case  must  have  passed  off  very  rapidly,  perhaps  that 
it  could  have  been  brought  into  play  for  but  a  few  hours.  The 
action  must  necessarily  have  taken  place  at  the  first  outburst 
of  the  star,  in  the  beginning  of  December,  1891.  Why,  therefore, 
the  Nova  should  have  reached  a  second,  and,  to  all  appearances, 
greater  maximum  several  weeks  later  (in  the  beginning  of  Feb- 
ruary, 1892),  and  further,  why  the  light  curve  should  have  sunk 
slowly  until  the  beginning  of  March  and  then  have  fallen  off 
rapidly;  seems  to  me  to  be  scarcely,  if  at  all,  explicable,  on  the 
ground  of  the  hypothesis  above  mentioned.  The  diflSculty  will 
at  any  rate  exist  until  it  is  expressly  obviated  in  all  its  details. 

The  diflBculties  which  have  been  above  briefly  touched  upon, 
disappear  entirely  in  the  light  of  the  following  considerations. 
The  results  obtained  by  astronomical  photography,  particularly 
the  work  of  Herr  Max  Wolf,  have  left  no  doubt  that  space  is 
filled  with  more  or  less  extensive  aggregations  of  thinly  scattered 
matter.  The  physical  constitution  of  these  cosmical  clouds  will 
obviously  differ  greatly,  and  we  may  leave  this  question  open, 
without  investigating  it  further.  Now,  that  a  heavenly  body 
should  become  involved  in  such  a  cosmical  cloud  is  in  itself  not 
improbable,  and  at  any  rate  it  is  much  more  probable  than  the 
close  approach  of  another  compact  body  required  by  th6  hy- 
pothesis which  has  been  considered  above.  But  as  soon  as  a 
body  enters  such  a  cosmical  cloud,  its  surface  will  begin  to  be 
heated,  no  matter  what  the  constitution  of  the  sparsely  dis- 
tributed material  may  be.  In  consequence  of  the  superficial  heat- 
ing, vaporized  products  will  form  around  the  body,  which  will  in 
part  become  detached  from  it  and  quickly  assume  the  velocity  of 
the  neighboring  parts  of  the  cloud. 

It  will  be  appropriate  to  compare  such  an  occurrence  with  the 
well  known  and  quite  similar  one  of  shooting-stars  or  meteors. 
In  this  case,  also,  a  compact  body,  moving  with  a  certain  veloc- 
ity, penetrates  a  mass  of  very  tenuous  matter  (the  upper  strata 
of  the  atmosphere);  it  is  heated  and  partially  vaporized,  and  its 
path  is  marked  by  a  luminous  train,  which  is  often  visible  for  a 
long  time  after  the  sudden  appearance  of  the  meteor.  The  sepa- 
rated particles  quickly  lose  their  velocity  relatively  to  the  air,  for 
they  scarcely  seem  to  follow  the  motion  of  the  meteor. 

If  the  star  thus  made  incandescent  by  resistance  should  be  ex- 
amined with  a  spectroscope,  two  superposed  spectra  would 
obviously  be  seen.    One  would  in  general  be  continuous,  with  ab- 


sorbtion  Hues  due  to  the  glowing  gaseous  envelope;  the  other 
would  consist  principally  of  bright  lines.  Both  spectra  would 
displaced  with  respect  to  each  other  by  an  amount  depcndinj 
upon  the  relative  velocity  in  the  line  of  sight.  Thus  the  w*holc 
Ippearance  would  be  quite  similar  to  that  observed  in  Nova 
Lurig^»  and  a  complete  agreement  may  be  brought  about  by  as- 
suming, if  necessary,  that  physical  changes  due  to  direct  heating 
effect,  friction  of  the  separated  particles,  etc.,  would  take  place  in 

^the  parts  of  the  cloud  next  to  the  solid  body.    In  view  of  our 
porance  of  the  properties  of  the  cloud  material,  this   assump- 

'tion  does  not  seem  to  me  to  offer  any  difficulties.     Whether  it  is 

In  any  case  necessary  I  do  not  need  to  decide  for  the  purf>om*s  of 
iie  present  ai-ticle. 
Of  very  great  importance,  however,  is  the  investigation  of 
[uestion  w^hether  we  can  ii;  this  w  ay  arrive  at  a  plausible  cxplan-^ 
ition  of  the  great  relative  velocity  indicated  by  the  two  spectra. 
)n  the  approach  of  the  body^  the  cloud  would  evidently  \tc 
engthened  in  the  direction  of  approach.  This  lengthening  and 
likewise  the  relative  velocity  of  the  individual  cloud-particles  with 
resi:>ect  to  the  body,  would  grow  with  the  increasing  proximity  of 
the  latter.  Without  some  definite  provision  in  regard  to  ihc 
structure  of  the  cloud,  it  is  difficult  to  give  any  detailed  repre* 
sentation  of  the  phenomenon  that  will  ensue,  and  we  must  con* 
^tent  ourselves  with  considering  some  special  case  which  will 
^■lIIow  of  closer  investigation.  If  we  assume,  for  example,  that 
the  separate  particles  of  the  cloud  are  in  general  influenced  only 
by  the  attraction  of  the  body,  they  wnll  describe  hyperbolas 
around  the  latter  with  its  center  as  focus.  Their  greatest  relative 
vehKity  will  diminish  rapidly  with  the  distance  from  the  body, 
that  the  neighborhood  of  the  latter  will  be  tilled  with  particlef' 
having  very  different  velocities.    It  is  easy  to  see  that  no  extrav- 

Pgant  assumption  is  required  to  obtain  very  great  velocities  for 
be  particles  which  pass  close  to  the  surface  of  the  body, — veloci- 
ies  such  as  have  been  proved  to  exist  in  the  case  of  Nova  Aurigie» 
and  this  even  when  the  initial  velocity  of  the  panicles  is  very, 
small.  It  also  follows,  irom  what  has  been  shown  above,  that 
the  spectral  lines  of  particles  moving  away  from  the  body  with 
such  different  velocities  must  be  greatly  widened;  moreover,  not 
only  is  not  the  slightest  difficulty  encountered  in  explaining  the 
different  brightness  of  various  parts  of  these  lines,  but  the  exist- 
ence of  such  maxima  of  brightness  follows  as  a  necessary  conse- 
quence. This  point  does  not  seem  to  me  to  be  unimportant,  tnnec 
it  cannot  be  deduced  from  the  hypothesis  of  the  close  passage  of 
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two  compact  masses,  but  leads  to  the  very  improbable  assump- 
tion that  there  are  several  moving  bodies  of  this  kind. 

As  long  as  the  body  moves  within  the  cosmical  cloud,  the  ap- 
pearances just  described  will  be  continually  reproduced,  and  it 
follows  that  the  characteristic  features  of  the  spectrum,  apart 
from  minor  changes  determined  by  all  the  circumstances  of  the 
case,  must  as  a  whole  remain  unchanged  for  a  considerable  time; 
a  point  which  is  not  clear  without  further  explanation  on  the 
ground  of  the  first  described  hypothesis.  It  is  also  not  surpris- 
ing that  during  this  time  the  brightness  of  the  star  should  un- 
dergo little  variation,  but  that  it  should  fall  off  pretty  rapidly 
after  the  emergence  of  the  body  from  the  cloud.  Thiis  also  agrees 
well  with  the  observed  light  curve  of  the  Nova.  Finally,  the 
periodic  fluctuations  of  brightness  are  quite  naturally  explained. 
It  is  only  necessary  to  remember  the  known  fact,  recently  con- 
firmed photographically  by  Herr  Max  Wolf,  that  the  same  phe- 
nomena are  exhibited  by  meteors,  and  are  explicable  without 
difficulty. 

We  must  in  any  case  assume  that  the  star  entered  the  cosmical 
cloud  in  the  beginning  of  December,  and  left  it  not  long  before 
the  beginning  of  March.  The  question  at  once  presents  itself, 
how  such  a  great  relative  velocity  could  exist  for  so  long  a  time, 
notwithstanding  a  resitance  sufficiently  great  to  generate  the 
heat  required  for  the  continuous  incandescence  of  the  body.  We 
will  decide  this  question  by  comparing  the  resisted  motion  of  the 
star  with  that  of  a  meteor  in  the  upper  layers  of  the  atmosphere. 

We  may  assume,  with  sufficient  generality,  that  the  rectilinear 
motion  of  the  star  is  given  by  the  equation 

^I  =  -X^  (1) 

in  which  vis  the  velocity,  n  is  a  positive  number  >  1,  and  A.  is  a 
constant  which  is  proportional  to  the  surface  of  the  spherical 
body  and  the  density  of  the  medium,  and  inversely  proportional 
to  the  mass  of  the  body.  Let  us  now  compare  equation  (1)  with 
the  equation  for  the  motion  of  a  meteor, 

dt'  ^ 

in  which  the  time  t'  is  now  reckoned  by  another  suitably  chosen 
unit.    If  we  place 

i/^r/iF;    t' =  yt\    A.  =  A.V/in-^  (2) 

the  latter  equation  will  be  identical  with  (1) ;  f.  e.,  the  motion  of 
the  star  will  correspond  at  every  point  with  the  motion  of  the 


p. 


nieteor  if  equation  (2)  is  satisfied.  If  we  now  represent  by  jw, 
Or  r,  S,  respectively  the  mass*  surface,  radius,  and  density  of  the 
star,  by  m\  0\  r^,  ^\  the  corresponding  quantities  for  the  me- 
teor, and  by  D  and  D'  respectiveh^  the  densities  of  the  cosmical 
cloud  and  atmospheric  layer  in  question,  we  have 
A   _  DOw'  _       1         DOm' 

r    jyo'w'  *'     /i«-^  '  irorm 

'or  also 


=f=(^)" 


(3) 


tl 

I 


» 


*  r6ir 

If  we  further  place  r^  k  times  the  Sun's  radius  f  =  700  million^ 
metres)  and  r*  —  r'  metres,  and  in  accordance  with  the  observa- 
tions of  the  new  star,  place  v  ~  30,  (the  unit  being  the  Earth's 
orbital  velocity),  t  =  100  days, and  v'  —  2  (which  corresponds  tc 
the  velocity  of  a  rather  quickly  moving  meteor),  and  finallj 
2,  then 

_15    m^  r' 

*""   ft     D'6 
and 

t'  — 0M85/';    f' 


700  mill. 


K 


kdiy 

The  motion  of  the  star  falls  oflf  in  100  days  by  the  same  reh'^* 
tive  amount    as   that    of  the  meteor   in    0.185  seconds,  if  wc 

D 


►lace  /*=  1. 


Since  we  are,  moreover,  free  to  assume  that    »^*  i« 


mall,  we  can  reduce  the  time  to  a  very  small  part  of  a  second, 
and  as  in  a  few  hundredths  of  a  second  the  motion  in  the  highest 
regions  of  the  atmosphere  is  not  sensibly  retarded,  there  witl  like* 
wise  be  no  sensible  retardation  in  the  motion  of  tlie  star.  We 
have  evidently  a  parallel  to  this  result  in  the  fact  that  the  mo- 
tion of  a  small  bod^'  is  more  affected  by  atmospheric  resistance 
than  that  of  a  large  one,  and  that  the  resistance  of  the  air  has  i 
much  smaller  effect  on  the  orbital  relations  of  large  meteors 
on  those  of  small  ones. 

But  we  must  now  show  that  in  spite  of  this  small  retardatic 
of  the  motion  of  the  body,  sufficient  kinetic  energy*  is  transformc 
into  heat  to  cause  the  superSciaJ  incandescence  of  the  star,  such  i 
state  of  incandescence,  at  least,  having  occurred  in  the  case 
Nova  Aurigae.  We  must  therefore  compute  the  quantities  of  heat 
Q  and  Q"  which  are  generated  per  second  on  a  unit  surface  of  the 
two  bodies  respectively.  If  w*e  call  P  and  P^  the  loss  of  kinetk 
energy  during  the  times  t  and  t',  and  Vp  and  v^'  the  velocities  be* 
fore  entering  the  resisting  medium,  then 

t 
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and 

P  =  /D(  v„*  -  v») ;    P'  =  m\  yp  -  v'*) 

and  with  the  aid  of  the  previously  deduced  formula;, 

Q  _  D  '  vX"  *  1 


y-iy\v'} 


with  the  same  numerical  values  as  before,  -  >  ==  15 ;  n  =  2, 

-^--3375^ 

so  that  we  can  assume  that  the  density  of  the  cosmical  medium  is 
very  small  compared  with  that  of  the  extremely  tenuous  air  in 
which  the  meteor  is  brought  to  incandescence,  and  still  obtain 
the  necessary  quantity  of  heat.  It  is  worthy  of  remark  that  all 
the  numerical  values  can  be  varied  within  very  wide  limits  with- 
out danger  of  contradiction.  We  therefore  conclude  that  from 
this  point  of  view  also,  no  diflSculties  are  opposed  to  the  hypothe- 
sis which  has  been  advanced. 

I  have  now  to  deduce  formulae,  which  have  been  already  re- 
ferred to,  and  which  are  in  themselves  of  considerable  interest. 

If  we  represent  by  ^  the  sum  of  the  masses  of  two  bodies  mov- 
ing around  each  other  in  conic  sections,  by  V  the  velocity,  and  in 
other  respects  follow  the  customary  notation,  we  have  for  the 
parabola, 

r  cos^^v 

tan  iv  +  i  tan'  ^v  =  ^^ 
from  which  immediately  follows  : 


^       4F  sin  iv[l  —  I  sin'^  ^v]  * 

Let  us  call  c  the  velocity  of  the  Earth  in  its  orbit  with  radius  1?, 
and  place  the  mass  of  the  Sun  plus  that  of  the  Earth  =  1,  so  that 
4*  =  c^R.    If  we  further  consider  that  the  expression 
sih  ^v  [1  —  i  sin^  ^v] 

can  attain  the  maximum  value  —-,  it  follows  that 


)■  R 
or  if  c  is  expressed  in  days, 


^     3    /VV    ct 


n  >  0.009123 


(4)'' 


(*). 


In  order  to  apply  this  to  the  Nova,  we  must  note  that  —  > 

since  the  orbital  velocity  can  be  considerably  greater  than  the  I 
velocity  in  the  line  of  sight.    Further,  more  than  two  month»| 
elapsed  after  the  supposed  passage  of  the  two  bodies,  which 
must  nearly  coincide  with  the  time  of  periastron,  up  to  the  time  at 
which  spectroscopic  observations  could  still  be  made,    t  is  there- 
fore  much  greater  than  6U.    The  formula  (4) 

/I  >  14779  times  the  mass  of  the  Sun 

gives  therefore  a  limit  in  which  the  masses  are  far  too  small. 
In  reality  we  can  perhaps  takedouble  this  value  without  danger 
of  contradiction. 

Similar,  although  less  simple  considerations  apply  to  the  case 
of  hyperbolic  motion. 

If  V„  represents  the  velocity  at  an  infinite  distance,  we  have 

r 

and  according  to  the  Theoria  Motus,  , 

j^       e  —  cos  F 
a 


V '  = 


cosF     • 
If  tan  F—  log  tan  (45*^  +  h^)  = 
from  which  we  find  at  once, 


k^¥t 


.i 


X 


^e  — cos^^f 
I     cos  F 


V^;. 


tan  F—  log  tan  (45*^  +  \F) 


As  F  increases  from  0^  to  90^,  the  expression  for^  first  dimtuTi 
ishes,  reaches  a  minimum,  and  then  increases  up  to  infinity*  The] 
minimum  value  is  readily  determined  from  the  condition 

I    (e-'co^F)»  t*  '^"  ^-  '°S  tao  (45'  +  4^)]  =  1. 

This  equation  is  easily  solved  for  si>ecial  values  of  e.  For  the 
purposes  of  the  present  investigation  I  have  adopted  another 
course,  assigning  various  si)ecial  values  to  e  and  computing  the 
corresponding  values  of  A',  as  shown  in  the  following  table: 
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e=  1.5 

2.0 

4.0 

6.0 

8.0 

lO.O 

F=  ^°        10.207 

14.393 

24.882 

32.111 

37.988 

43.071 

8            5.224 

7-302 

12.554 

16.182 

19.135 

21.689 

12            3.614 

4.9S7 

8.494 

10.930 

12.913 

14.630 

16           2.S52 

3.866 

6.505 

8.348 

9.853 

II. 156 

ao           2.429 

3.226 

5.345 

6.838 

8.059 

9. 1 18 

24           2.17S 

2.827 

4-603 

5.866 

6.902 

7.802 

28           2.027 

2.569 

4-343 

5.2(54 

6.1 12 

6.902 

32            1.94 1 

2.400 

3.753 

4.740 

5-555 

6.265 

36           1.900 

2.293 

3-510 

44" 

5-158 

5.810 

40           1.892 

2.234 

3.345 

4.181 

4-877 

5.486 

44            1.9" 

2.2 1 1 

3.240 

4.029 

4.688 

5.266 

48             1.953 

2.220 

3.187 

3-941 

4.574 

5-I3I 

52            2.017 

2.257 

3-179 

39" 

4.528 

5.072 

56            2.101 

2.323 

3.217 

3.936 

4.547 

5.086 

60            2.208 

2.420 

i'Z^^ 

4.020 

4.633 

5.175 

64            2.341 

2.552 

3-43S 

4.170 

4.797 

5.351 

68            2.510 

2.729 

3.^44 

4.404 

5.056 

5.635 

72            2.728 

2.968 

3.944 

4.754 

5.45  > 

6.070 

76            3.026 

3-307 

4.390 

5.286 

6.055 

6.739 

So            3-477 

3-^30 

5.108 

6.152 

7.048 

7.843 

84            4.308 

4.802 

6.480 

7.824 

8.972 

9.991 

88            6.991 

7-93^^ 

10.960 

>3.32o 

15-321 

17.091 

For  very  large  values 

*  of  e  the  minimum  of  X 

occurs 

when 

sin  F 

i2 

and  the  minimum  value  is 

3te 
Min  X  =  \    2-  =  1.612  ;e.  (6) 

We  shall  make  no  appreciable  error  if  we  use  (6)  for  values  of  e 
not  verv'  different  from  unity,  as  will  be  seen  in  the  following 
table,  where  the  minimum  values  taken  from  the  preceding  table 
and  those  computed  from  formula  (6)  are  placed  side  by  side. 


E 

1 

1-5 

2 

4 

6 

8 

10 

Direct.               Formula. 
1.5                        1.6 
i.o                      2.0 
2.2                      2.3 
3-2                       3.2 
3-9                       3.9 
4.5                        4.6 
5.1                        5.1 

We  thus  obtain : 

M  >  0.0104(1 

For  the  assumption  t  = 

V 
60,     -  =  30,  we  get 

M  > 

16800  ^e(l-^!y 

(7) 


a  formula  which  holds  for  values  of  e  not  quite  equal  to  1.    In 
order  to  include  the  parabola  also  we  may  write 
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^  >  i5000^e{Pyfiy  (7a) 


Therefore  in  this  case  also  we  either  arrive  at  masses  which  are 

extremely  great,  and  therefore  not  very  probable,  or  else  we  must 

V  '  V 

assume  that-—  is  very  nearly  =  1.    Even  for  -~  =  0.9  we  find 

from  the  above  formula 

M  >  1200  v'e, 

from  which  it  will  be  seen  that  the  above  assertion  is  justified. 

It  has  already  been  remarked  that  this  inequality  merely  states 

that  M  is  very  much  greater  than  the  right  hand  side.  It  is  in  fact 

V 
easy,  when  -~  does  not  differ  much  from  unity,  to  find  a  superior 

limit  for  /i.    If  we  place 

we  have 

and  by  formula  (5), 

/I  — v\«/ V\»ct 


ev  tan  F  —  V  log  tan  (45°  +  i  F) 

For  given  values  of  t,  e  and  r  we  can  compute  the  value  of  the 
right  hand  side.    We  will,  however,  seek  the  maximum  value  of 
jr  =  ev  tan  F  — ^  log  tan(45°  +  iF)  =  sinF— ^log  tan(45°  +  iF) 
by  determining  e  as  a  function  of  v. 

dy  =  /cos  F ^^^  =  '^(^  -  *^^) 

de       \  cos  F)  de       e  \'  1  —  k V 

y  therefore  increases  as  long  as  c  <  —  and  diminishes  continu- 
ously for  e  >  "Ty.  y  is  therefore  a  maximum  when  e*  =  -  ,  and 
the  maximum  value  is  , 

We  have  theretore 


^  ct(VY(l—v\\ 


sl  —  y  —  ^'log^ 


1  +  Vl-n     (8) 


V 
and  with  —  =  30,  t  =  60  days. 
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Vl^.-Mo«(i±^^) 


V 
For  the  above  example  tt  =0.9,  the  result  is  now 

/i  >  2800 

thus  a  considerably  greater  mass  than  before. 

I  have  now  to  give  a  more  complete  proof  of  the  statement 
that  the  two  bodies  could  be  in  close  proximity  for  a  very  short 
time  only.  For  this  purpose  we  make  use  of  the  following  rela- 
tions : 

For  the  parabola  we  have  found 

VH 
^  ^  4i^'      ^  "^  siniF[l  —  isin'  ^v] 

from  which  it  follows,  since  V^  = ,  that 

Vt 
'=2i 


We  have  therefore 


r>:^rt  =  imVt.  (9) 


For  the  hyperbola  we  have 

2/cV 


r  = 


and  by  formula  (5) 


2ftV  =  — — ~^^tX, 


therefore 


For  excentricities  which  are  not  quite  equal  to  unity  we  had 

X  >  %i. 

hence  in  either  case 

q}  

r  >  ^  Ve  .  V  V^  -  \V   t  >  1 .06:VV2  -  Y^^  t      (10) 

For  V^,  =  0,  (10)  of  course  becomes  the  same  as  (9).    For  the  hy- 
perbola we  can  apply  a  second  relation. 
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Since 

2?: 

r 

formula  (5)  may  be  written 

k'M  = 

:0)«V,.X 

and  since  fcV  = 

aV,^  it  follows  that 

a 

V^tX  =  Y,ty 

in  which 

€ 

—  cos  F 

1 

n   "P          Irkc*  -fori    ^AC;0 

-Ul/.  T7\ 

We  now  readily  find  that 
dy  ^ — 1 


dF      e  sin  F  —cos  F  log  tan  (45°  +  ^F)  * 

[(1  +  e^)  cos  F  —  2e  +  e  sin  F  log  tan  (45°  +  iF)] 

It  is  easy  to  see  that  the  bracketed  expression  is  always  positive, 

since 

log  tan  (45°  +  JF)  =  2  tan  JF  +  4  tan*  JF  +....>  2  tan  }F 

and  consequently  the  expression  in  brackets  >  (e  —  1)*  cos  F. 

dv 

-^  is  therefore  negative,  and  y  diminishes  as  F  increases.    From 

this  it  follows  that 

J'  >  1 
and  we  obtain  the  relation 

r  >  V,t.  (11) 

Applving  this  formula  to  the  case  of  Nova  Aurigae  we  find  that 
for 


-o  =  0.5;  \  V^  —  IV  =  108  miles;  I'o  =    GO 

0.6  OG  72 

0.7  86  84 

108 


0.8  72 

0.9  —  108 


Near  perihelion  the  velocit3'  was  in  all  cases  greater  than  120 
miles,  and  we  shall  therefore  obtain  values  of  r  quite  materially 
too  small  if  we  place 

r  >  t  X  85  miles.  A 

For  one  da3'  either  before  or  after  perihelion  it  is  therefore  cer- 
tain that 

r  >  7.3  million  miles. 

It  can  therefore  hardly  be  assumed  that  any  mutual  action  be- 
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teen  the  supposed  two  bodies  which  is  worthy  of  consideration 
could  have  lasted  for  more  than  a  couple  of  hours. 
Munich,  July,  1892. 

POSTSCRIPT. 

Since  the  above  article  was  written,  the  reappearance  of  Nova 
Aurigae,  and  particularly  the  observations  of  Mr.  Barnard,  have 
again  awakened  interest  in  this  star.  So  far  as  the  reappearance 
of  the  star  is  concerned,  it  will  be  seen  that  this  must  be  regarded 
as  a  visible  confirmation  of  such  parts  of  my  article  as  are  de- 
voted to  criticism.  The  hypothesis  which  I  have  advanced  is 
moreover  in  no  way  contradicted,  for  it  is  from  the  nature  of  the 
case  very  probable  that  the  supposed  nebulous  clouds,  or  aggre- 
gations of  dust-like  particles,  should  be  more  numerous  in  certain 
parts  of  space  than  in  others.  It  is  also  allowable  to  make  a 
great  variety  of  assumptions  in  regard  to  the  distribution  of  the 
denser  parts  of  these  clouds. 

In  regard  to  the  observations  of  Mr.  Barnard  I  have  to  add  the 
following  remarks :  I  had  formed  a  mental  picture  of  the  processes 
that  caused  the  outburst  of  the  Nova,  which  was  so  completely 
realized  in  Mr.  Barnard's  drawing  that  I  could  desire  no  more 
perfect  representation  of  it.  No  appearance  of  the  kind  was  seen, 
so  far  as  I  know,  during  the  winter.  This  naturally  does  not  im- 
ply that  it  did  not  exist,  and  it  seemed  to  be  possible  that  pho- 
tography, as  often  before  in  similar  cases,  might  have  some  in- 
formation  to  furnish.  I  therefore,  in  May  of  the  present  year, 
inquired  of  Dr.  M.  Wolf  at  Heidelberg  whether  he  had  an^'  long- 
exposure  photographs  of  the  vicinity  of  the  Nova,  taken  at  that 
time,  and  if  so,  whether  a  nebulous  object  could  be  found  on  them. 
Unfortunately  Dr.  Wolf  had  none.  It  is  indeed  doubtful,  from 
Mr.  Barnard's  description,  whether  so  small  an  object  would 
have  been  visible  on  a  photographic  plate. 
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The  large  collection  of  solar  photographs  which  has  already  ac- 
cumulated at  the  Kenwood  Observatory  places  at  our  disposal  a 
nearh'  comi)lete  record  of  the  condition  of  the  Sun's  surface  from 

*  Communicated   bv  the  author. 


the  first  of  last  February  up  to  the  present  time.  The  greater 
part  of  then)  have  been  taken  with  the  spectroheliograph,  and  are 
of  special  vahie  in  the  study  of  faculae.  The  remarkable  distur- 
bance photographed  on  J  uW  15  has  led  to  a  preliminary  examin- 
ation of  the  plates  giving  the  early  histor>'  of  the  spot  in  which  it 
occurred,  in  order  to  trace,  if  possible,  some  relation  between  the 
condition  of  the  solar  surface  and  the  simultaneous  record  of  ter- 
restrial magnetism.  I  am  indebted  to  Mr.  S.  J.  Brown  of  the  U. 
S.  Naval  Observ^atory  for  copies  of  the  magnetic  record  for  tlie 
period  Juh'  11 — 17.  A  description  of  the  Stonyhurst  cur^'es  for 
the  i>eriod  June  11— July  29  is  given  by  the  Rev.  Walter  Sid- 
greaves  in  his  article  in  the  November  number  of  Astkonomv  akh 
Astro-Phvsics.  The  following  notes  refer  only  to  some  of  the 
more  important  features  of  the  photographs,  the  complete  redi 
tion  of  the  plates  having  not  yet  been  undertaken.  For  conv< 
ience  of  reference  the  plate-numbers  recorded  in  the  observatory 
note-book  are  used  in  the  discussion. 

The  position  on  the  Sun*s  surface  of  the  spot  group  in  which  the 
disturbance  of  July  15  occurred  is  first  indicated  on  plate  752 
( Jime  10»  1*^  29'")*  by  a  small  and  faint  facula  near  the  easte 
limb.  On  plate  764  (  June  11,  11*'  25*"  )  the  facida  has  advance 
on  to  the  disc,  and  is  still  very  faint.  On  the  same  date  a  large 
group  of  bright  facul^e  in  the  northern  hemisphere  of  the  Sun  has 
just  reached  the  central  meridian.  Plates  767  to  773  show  no 
material  changes  in  the  small  facula.  On  plate  775  (  June  13,  lO** 
40"^  )  the  facula  is  well  advanced  on  the  disc,  and  contains  a 
small  spot.  It  IS  still  quite  faint  and  inconspicuous.  On  the 
same  plate  there  is  a  large  group  of  bright  facula^  in  the  southern 
hemisphere,  and  several  groups  of  facul®  extending  entirely 
across  the  disc  in  the  northern  hemisphere.  Oue  of  these  contains 
two  spots  of  considerable  size,  and  has  but  recently  crossed  the 
central  meridian.  Plate  776  was  taken  shortly  after  775,  and 
shows  the  facula  around  Spot  At  to  be  fairly  bright,  though  still 
inconspicuous.  The  brighter  (northern)  portion  of  the  facula 
has  a  curved  form,  and  terminates  in  a  knob-like  expansion  a| 
each  end.  Plate  777  was  taken  an  hour  later,  and  shows  sligl 
changes  in  the  form.  On  plate  780  (  June  14»  11*»  53°'  )  the  facula 
has  undergone  a  marked  change,  and  considerably  increased  to 
length.  \  large  group  of  facula;  is  near  the  meridian  at  this 
time.    On  plate  784  ( June  15,  10»*  27"* )  the  facula  is  larger  and 

^  In  fill  records  given  in  tbis  paper  Chicaj^o  Mean  Time  is  ysed  oiileM  otber- 
wise  Slated 

f  For  convenience  of  reference,  the  spot-group  in  which  the  diaturljAOcc  oC  J 
15  occurred  will  be  called  **  Spot  A  ". 
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brighter,  and  exactly  on  the  central  meridian.  A  large  group  in 
the  northern  hemisphere  is  also  on  the  meridian.  Plates  785, 
786,  787,  789,  790  (the  last  taken  June  15,  2^  27™),  record  no 
important  changes.  On  plate  791  (June  16,  10**  47")  the  form 
of  the  facula  is  very  materially  changed;  no  increase  in  bright- 
ness is  noticeable,  however.  On  the  same  plate  there  is  a  bright 
facula  on  the  central  meridian  in  the  northern  hemisphere. 
Plates  792,  793,  794  (the  last  taken  June  16,  11^  48™),  show 
no  changes.  On  plate  799  (June  17,  12**  19™)  the  factda  has  be- 
come a  brilliant,  roughly  circular  object,  preceding  a  single  large 
spot,  and  containing  two  other  smaller  spots.  On  the  follow- 
ing side  of  the  large  spot  there  is  a  narrow  faculous  border. 
The  facula  is  totally  unlike  that  shown  on  plate  794,  which 
contains  only  faint  traces  of  very  small  spots.  A  marked  dis- 
turbance accompanying  the  formation  of  the  spots  therefore  oc- 
curred between  June  16,  11»*  48™  and  June  17,  12**  19™. 

From  Father  Sidgreaves' paper  we  learn  that  "the  magnets  had 
been  perfectly  quiet  from  June  11  until  at  about  3  p.  m.  g.  m.  t. 
on  the  16th,  a  slight  disturbance  commenced  in  the  longitudinal 
force  magnet.  This  continued,  and  later  appeared  in  all  three  ele- 
ments as  a  series  of  small  intermittent  oscillations,  which  lasted 
until  the  morning  of  the  18th.*'  As  Chicago  is  5**  50™  west  of 
Greenwich,  the  disturbance  of  the  magnets  commenced  June  16, 
9**  10™  Chicago  M.  T.  Plate  794  was  taken  2**  38™  later,  and  up 
to  this  time  no  marked  change  had  taken  place  in  Spot  A.  On 
this  plate  there  is  a  bright  facula  on  the  central  meridian  in  the 
northern  hemisphere,  but  there  is  nothing  at  the  eastern  limb  of 
the  Sun.  Plate  799,  which  shows  both  prominences  and  faculae  in 
addition  to  spots,  records  no  disturbance  at  the  eastern  limb,  but 
shows  a  faint  facula  on  the  central  meridian.  It  is  evident,  there- 
fore, that  so  far  as  our  records  go,  the  magnetic  perturbation 
was  not  caused  by  a  simultaneous  disturbance  at  the  eastern  limb 
of  the  Sun.  As  to  whether  it  was  caused  by  the  sudden  change  in 
the  spot,  or,  in  accordance  with  Marchand's  theory,  by  the  pass- 
age of  spots  and  faculae  across  the  central  meridian  of  the 
Sun,  we  have  no  means  of  deciding.  I  am  myself  inclined  to  the 
former  supposition,  though  it  is  of  course  quite  possible  that  the 
magnetic  perturbation  was  related  to  neither  of  these  events. 

We  are  informed  by  Father  Sidgreaves  that  a  series  of  small  os- 
cillations in  the  magnets  again  commenced  on  June  21,  and 
continued  until  the  morning  of  the  26th.  An  examination  of  the 
photographs  does  not  seem  to  show  any  connection  of  Spot  A 
with   this   disturbance.     The   spot    and   accompanying  faculse 
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passed  quietly  around  the  western  limb,  if  we  may  judge  from 
photographs  taken  just  liefore  and  just  after  the  passage.  Plate 
811  (June  20,  1^*  35'")  is  an  excellent  composite  photograpb 
showing  both  facula?  and  prominences.  On  this  plate  Spot  A  is  a 
short  distance  from  the  western  limb,  where  there  is  shou^n  only 
a  long,  low  prominence.  On  plate  815  (June  22,  9^  39'")  Spot  A 
has  disappeared  behind  the  limb,  and  in  a  composite  plate  (817) 
taken  at  4''  22'"  on  the  same  day,  no  prominence  is  shown  at  the 
point  where  the  spot  disappeared. 

There  were,  however,  two  verj'^  active  groups  of  facul^  and 
spots  on  the  Sun  at  this  time.  One  of  these  was  a  large  spot 
group  with  faculie  in  the  southern  hemisphere*  which  changed 
greatly  between  June  17,  2*»  43"'  (plate  801)  and  June  20,  9^  42** 
(plate  802),  During  this  time  the  large  (preceding)  nucleus 
divided  into  two,  each  ec[ualltng  tlie  original  single  nucleus  in 
area,  and  the  smaller  (following)  nucleus  acted  similarly,  a  new 
nucleus  adding  itself  to  it.  Another  small  nucleus  also  appeared 
in  the  northern  part  of  the  group.  The  activity  in  this  group 
continued,  and  on  June  22,  9^*  39'"  (plate  815)  there  were  three 
large  nuclei,  with  bright  facul«  following. 

But  a  more  remarkable  group  was  one  in  the  northern  hemi- 
sphere, wliich  is  shown  on  plate  802  (June  20,  9**  42*")  near  the 
eastern  limb.  It  then  consisted  of  a  large  group  of  faculfie.  with 
two  well  marked  spot  nuclei  in  the  southern  part  of  the  gronp, 
Plate  806  (June  20, 11^"  27"0  shows  the  facula  of  about  the  fiame 
form,  except  for  a  marked  change  in  the  northern  part  of  the 
group,  a  change  somewhat  similar  to  the  phenomenon  of  July  15, 
though  on  a  much  smaller  scale.  Between  two  bright  points^— 
one  of  which  seems  to  correspond  with  a  small  spot  nucleus,  and 
the  other  with  a  bright  point,  shi>wn  on  plate  804  (June  20,  10»* 
11'")— there  extends  a  straight,  bright  object,  no  trace  of  which  is 
shown  on  plate  804,  taken  1''  16"'  earlier.  The  bright  object  li«^ 
across  a  portion  of  the  facula,  and  does  not  seem  to  affect  itsfonn 
in  the  least.  In  plates  807  (11*^  34")  and  808  (12^  30»*)  it  has 
given  place  to  a  broad  and  ill-defined  expansion,  which  t9  much 
fainter;  but  the  bright  point,  shown  also  on  plate  804,  in  which 
the  outburst  may  have  had  its  origin,  still  remains. 

During  the  same  time  other  minor  changes  took  pi^iAv  in  liic 
group.  Plates  809,  810. 811  show  no  marked  changes.  On  plate 
815  (June  22,  9'*  39"*')  the  group  has  adv^anced  well  on  to  the  di»c. 
and  is  greatly  changed  in  f<irm.  It  is  greatly  lengthened  in  an 
east  and  west  direction,  and  two  well  defined  spot  nuclei  harr 
appeared  preceding  it,  where  before  there  was  only  a  small,  faint 
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facula.  This  faciila  was  long  and  narrow,  convex  toward  the 
equator,  and  the  spots  formed  exactly  at  its  east  and  west  ex- 
tremities. In  none  of  the  preceding  plates  can  any  trace  of  these 
spots  be  seen,  though  the  facula  is  well  shown.  Plate  819  (June 
23,  1**  53"*)  shows  the  group  on  the  central  meridian ;  the  four 
spots  are  arranged  in  a  line  nearly  parallel  to  the  equator,  and 
marked  changes  have  taken  place  in  their  relative  distances. 
Nothing  is  shown  at  the  eastern  limb  of  the  Sun.  On  Plate  821 
(June  24,  2**  27")  considerable  change  is  shown  in  the  facula  since 
plate  819.  The  following  part  of  the  group  has  reached  the  cen- 
tral meridian.  Of  the  four  spots  the  two  middle  ones,  which 
were  approaching  when  plate  819  was  taken,  are  now  nearly  in 
contact.  At  the  eastern  limb  there  are  two  prominence  distur- 
bances in  the  northern  hemisphere.  Plate  822  shows  that  these 
eruptions  had  become  much  fainter  twelve  minutes  later.  Plate 
824  (June  25,  11**  37")  shows  no  important  changes  in  the 
facula,  but  the  two  middle  spots  are  now  in  contact.  There  is 
a  bright  prominence  at  the  eastern  limb.  Plates  825,  827,  828, 
829,  830,  831  (the  last  taken  June  25,  3*»  35")  record  nothing  of 
present  importance. 

At  this  time  the  spectroheliograph  was  dismounted  for  several 
days  while  the  new  photographic  objective  was  being  attached 
to  the  telescope.  The  next  photograph  of  faculae  (plate  838) 
was  consequently  not  taken  until  July  5,  at  12**  6".  At  this  time 
there  were  two  large  groups  near  the  eastern  limb,  one  in  the 
northern  and  one  in  the  southern  hemisphere.  There  was  also  a 
group  of  faculae  in  the  northern  hemisphere,  which  had  just 
crossed  the  central  meridian.  Plates  839,  840,  842,  843,  844, 
846  (the  last  taken  July  6,  10*»  20"),  diflFer  but  little  from  plate 
838.  On  plate  846  a  prominence  is  shown  at  the  point  on  the 
eastern  limb  where  Spot  A  appeared  later.  The  same  prominence 
is  shown  on  plates  847  and  849. 

It  is  thus  seen  that  the  magnetic  disturbance  beginning  on  June 
21,  and  continuing  until  June  26,  was  simultaneous  with  the 
passage  of  two  active  spot  groups  across  the  solar  surface.  No 
mention  is  made  by  Father  Sidgreaves  of  a  magnetic  disturbance  ^ 
on  June  20,  at  the  time  of  the  outburst  which  has  been  described 
as  somewhat  similar  to  the  much  more  \'iolent  outburst  of  July 
15.  The  oscillations  of  the  magnets  commenced  one  day  later, 
on  June  21,  and  this  retardation  together  with  the  fact  that  the 
July  15  outburst  was  followed  by  a  violent  magnetic  storm  on 
July  16,  may  possibly  have  some  significance. 

As  has  already  l)een  mentioned,  the  reappearance  of  Spot  A  at 


the  Sun's  eastern  limb  was  heralded  by  a  prominence  at  the  same 
position  angle.  On  plate  850  ( Juh^  6,  11^'  55"*)  the  facula  sur- 
rounding the  spot  is  shown  projecting  above  the  lirali.  On  plate 
857  (  Jul3^  7, 11**  19"')  the  facula  has  entered  the  disc.  The  spot 
was  probably  exactly  on  the  limb  at  this  time,  as  a  de]jrcssion  at 
the  Hnib  is  distinctly  shown  on  the  photograph.  The  same  thing 
is  shown  on  plate  858,  On  July  8, 10'»  15"*,  the  large  spot  nucleus 
had  advanced  on  to  the  disc  (plate  862),  No  more  photographf 
were  sectired  until  July  11,  10''  8"\  when  Spot  A  was  well  ad- 
vanced on  the  Sun*s  surface,  A  comparison  of  plate  811  with 
plate  863  shows  that  Spot  A  and  the  group  of  facmlxe  preceding 
it  greatly  increased  in  size  while  on  the  inWsible  hemisphere.  On 
July  11  this  spot  group  was,  with  possibly  one  exception,  the 
most  important  on  the  \nsible  hemisphere.  On  June  20,  just  be- 
fore the  passage  of  the  spot  aroimd  the  western  limb,  the  group 
was  inconspicuous,  and  of  minor  importance. 

Plates  864,  865,  866  (the  last  taken  July  11,  10»*  34")  agree 
closely  with  863,  and  record  no  disturbances  or  groups  of  facula? 
at  the  eastern  limb.  Plate  867  (July  11,  12**  21°»)  shows  an  erup- 
tive prominence  at  the  eastern  limb.  Plate  868,  taken  13**  later, 
seems  to  show  some  changes  in  the  facula  west  of  Spot  A.  L'n- 
fortunately  no  more  photographs  were  secured  until  July  12, 
when  plate  873,  exposed  at  11''  35'",  showed  that  markeil  changes 
had  taken  place  in  the  spot  and  in  the  faculre  just  preceding  ft 
during  the  previotis  23  hours.  No  facul^e  were  recorded  at  the 
eastern  limb  at  this  time. 

From  Father  Sidgreaves'  paper*  we  learn  **that  the  magnets 
now  remained  generally  quiet  (after  June  28)  with  the  exception 
of  some  slight  movements,  the  more  noticeable  taking  place  at 
early  morning  and  at  midnight  of  July  10th.  The  spot  had  irap- 
peared  on  the  Sun's  visible  disc  on  July  8th.  On  the  11th,  the 
day  Mr.  Townsend  observed  the  remarkable  reversals  of  the  C 
line  in  the  spot  at  about  12.15  p.  m.,  g,  m.  t.,  a  single  sharp  up- 
ward movement,  both  on  the  decHnation  and  the  horizontal  force 
magnets,  alone  intennipted  their  otherwise  quiescent  state/*  It 
will  be  seen  that  while  our  records  contain  no  photographs  taken 
at  the  time  of  the  disturbance  witnessed  b^-  Mr.  Townsend  they 
show  that  a  marked  change  took  place  in  the  spot  and  facuUe  oo 
the  day  in  question.  It  does  not  seem  unreasonable  to  connect 
this  sudden  movement  of  the  magnets  with  the  simultaneous  db- 
turbance  in  the  spot. 

Plate  874-  was  taken  a  few  minutes  later  than  873,  and  show* 
VisTROKouy  AKD  AsTRO-Pav'sica,  November,  1892,  p.  818. 
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no  changes.  In  plate  875,  ( July  12,  11**  51"™)  a  faculous  bridge 
seems  to  have  formed  over  Spot  A,  but  no  other  marked  changes 
are  shown.  A  marked  disturbance  of  the  declination  magnet 
commenced  almost  simultaneously  with  the  formation  of  the 
bridge. 

This  was  the  prelude  to  a  violent  magnetic  storm,  which  con  - 
tinned  on  July  13  and  14.  Plate  881  was  taken  at  11*»  36™  on 
July  13,  and  agrees  with  Plate  883,  taken  25'"  later,  in  showing 
that  important  changes  in  the  faculae  surrounding  Spot  A  took 
place  during  the  preceding  24  hours,  while  the  magnetic  storm 
was  in  progress.  Plate  884  was  taken  only  3™  later,  but  shows 
a  very  marked  change  during  this  brief  interval  in  the  faculae 
near  a  spot  in  the  southern  hemisphere  not  far  from  the  western 
limb.  Just  at  this  time  there  was  a  sudden  movement  of  the  dec- 
lination magnet  at  the  U.  S.  Naval  Observatory.  There  were  no 
faculae  at  the  eastern  limb. 

Plates  886  (2»'  34"')  and  889  {4-^  19'")  reveal  no  further  impor- 
tant  changes,  but  Plate  891  (July  14,  10»>  9™)  shows  marked  dif- 
ferences in  all  of  the  larger  groups  of  faculae.  Plates  892,  893, 
894,  895,  896,  897,  901  (the  last  taken  at  3^  55'"),  have  mainly 
a  negative  value  in  showing  a  state  of  comparative  quiet  in  the 
various  groups  of  spots  and  faculae.  Between  3**  55"*  and  4**  8"* 
there  was  a  great  change  in  the  form  of  a  curiously  shaped  facula 
in  the  southern  hemisphere.  The  declination  magnet  was  quiet 
after  10  ^  a.  m.  until  3**  40™  p.  m.,  when  there  was  a  sudden  fall, 
followed  b^'  slight  oscillations  lasting  about  an  hour.  The  hori- 
zontal force  magnet  also  was  quite  steady  after  noon,  but  at 
about  4**  p.  M.,  the  exact  time  of  the  sudden  change  noted  above, 
the  record  shows  a  marked  maximum. 

We  now  come  to  the  eruption  of  July  15,  the  various  phases  of 
which  are  shown  in  the  accompanying  plate.  Some  difficulty  has 
been  experienced  in  reproducing  the  photographs  by  the  photo- 
gravure process,  and  the  results  by  no  means  do  justice  to  the 
original  negatives.  Unfortunately,  the  grain  of  the  plate  is 
brought  out  by  the  enlargement,*  and  the  horizontal  dark  lines 
(due  to  dust  on  the  slit  of  the  spectroheliograph)  could  not  be  re- 
moved. In  spite  of  their  shortcomings,  the  photographs  will 
serve  to  show  the  successive  stages  of  a  rare  and  important  phe- 
nomenon. As  I  have  already  described  this  eruption,t  it  is  un- 
necessary to  enter  into  its  details  here.  It  evidently  had  its  rise 
in  the  bridge  shown  in  the  first  figure  between  the  two  umbrae, 

•  Th€  photographs  arc  on  a  scale  of  about  1 2  irchcs  to  the  Sun*s  diameter, 
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from   a  photograph    taken   at  11^  8™.    The  hook*$haped  for 
which  had  developed  12"'  later  is  shown  in  the  next  figure     A| 
11''  4-7"'  the  eruption  was  at  its  height,  and  the  spot  itself  wa 
hidden  from  view.    The  last  figure  is  from  a  photograph  taken 
at  2^\  when  the  eruption  had  subsided.     A  carcfid  exan  ' 
of  the  original  negatives  shows  that  the  factdfe  surrouiif:     ._ 
spot  were  not  changed  in  form  by  the  disturbance*  which,  as 
have    before    suggested,    was    probably    a    true    eruption.     71 
greater  brightness  of  the  facula?  in  the  last  figure  as  compar 
with  the  first  figure  is  probabh'  not  due  to  any  effect  of  the  eruf 
ti<m,  but  sini])ly  to  the  fact  that  the  latter  is  the  better  photf> 
griiph  uf  the  two,  on  account  of  a  more  careful  adjustment 
the  spectroheliograph. 

In  r Astronomic  for  September,  four  illustrations  are  given 
drawings  of  the  spot  on  July  15  by  M.  L,  Rudaux.  M.  Rt; 
daux*s  obser\'ations  were  made  at  Dauville,  France*  at  4-**  3C 
p.  M.  (about  10'^  30"*  A.  M.  Chicago  m.  T).  In  his  paper  li 
**  About  5^'  5'"  (11^*  5'"),  just  as  I  had  finished  my  ilravvi 
tongue  of  fire  which  traversed  the  large  nucleus  suddenly 
came  brilliantly  white;  luminous  points  of  an  extraordinary  it 
tensity  were  visible  at  its  surface,  especially  toward  the  base,  and 
a  less  luminous  and  slightly  diffuse  border  formed  on  the  east  fiid€ 
of  this  tongue.  At  the  same  instant*  an  equally  brilliant  luminJ 
osity  appeared  in  the  oval  spot  exactly  in  the  place  of  the  lumin-| 
ous  bridge  which  had  been  visible  there  before."  M,  Kudaoi 
goes  on  to  describe  the  changes  which  ensued  ^>efore  5*' 3l>™  (It* 
30*"),  when  his  observations  were  unfi>rtnnately  stopped  hi 
clouds.  From  his  drawings  it  is  e\ndent  that  he  was  witness 
onh'  the  earlier  stages  of  the  phenomenon.  He  s|ieaks  of  a  iMir 
tial  cessation  of  the  eruption  at  5''  25"'  (11''  25'")  but  of  this 
have  no  record.  He  also  adds  that  the  spot  underwent  nc 
marked  change  in  form. 

The  records  of  the  Naval  01)ser\'ator>'  declination  and  \rertica| 
force  magnets  at  the  time  of  this  remarkable  outJmrst  agree  witl 
those  of  Stonyhurst  in   showing  not   the  slightest  dl-^      '     nce.i 
The  Naval  Observatory  trace  of  the  lumzontal  force  n     _  l>c*| 

ing  imperfect  at  this  point  1  give  Father  Sidgreavcs'  statetncnt 
that  '*  there  was,  however,  a  slight  trembling  in  the  h<in;eontal 
force  magnet  which  was  the  prelude  to  the  violent  stonn  whi 
set  in  and  lasted  i>ver  the  IBth  until  midnight  of  the  17th/^ 

Plate  915  (July   16»   10'*  44-"*)   shows  a  great  change  in 
faeula?  around  Spot  A  since  the  preceding  day.     Plates  91 H.  1*1  >, 
18.  9921,  922.  924  (the  last  taken  July  16. V  gZ"*)  continue  t^ 


Spectra  oi  Holmes'  and  Brooks'  Comet,  925 


show  changes,  and  prove  that  this  region  of  the  Sun  was  in  a 
state  of  great  activity  at  this  time.  No  disturbances  are  recorded 
at  the  eastern  limb  of  the  Sun.  The  movements  of  magnets  were 
ver>'  \nolent  all  day,  the  maximum  in  the  case  of  the  horizontal 
force  magnet  occurring  about  2  p.  m.,  and  amounting,  according 
to  Father  Sidgreaves,  to  1°  34.73'. 

It  would  be  premature  to  attempt  to  draw  any  definite 
conclusions  from  the  result  of  this  inquirv',  but  two  or  three 
matters  of  interest  may  be  pointed  out.  As  the  perturba- 
tions of  terrestrial  magnetism  seem  to  synchronize  closely  with  the 
acti\nty  of  various  groups  of  spots  and  faculae  indifferenth'  situ- 
ated in  various  parts  of  the  visible  solar  surface,  neither  the 
**  eastern  limb  theory- ''  advocated  by  Veeder,  nor  the  ** central 
meridian  theorv''*  of  Marchand,  seems  to  receive  an\'  support. 
Nor  can  I  agree  with  Father  Sidgreaves  that  the  supposition 
that  particular  classes  of  spots  exercise  a  special  magnetic  influ- 
ence has  received  any  confirmation.  I  am  inclined  to  believe, 
however,  that  M.  Tacchiui's  explanation  of  terrestrial  magnetic 
phenomena  as  the  result  of  exceptional  disturbances  in  promi- 
nences or  faculae  on  any  part  of  the  Sun's  Ansible  surface  is 
slightly  strengthened  by  the  results  here  presented. 

Kenwood  Observatory, 
University  of  Chicago,  Nov.  17,  1892. 
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All  articles  and  correspondence  relating  to  sjKxrtroscopy  and  other  subjects 
properly  included  in  Astr<>-I*iiysics.  should  l)e  addressed  to  ("fcorge  E.  Hale.  Ken- 
wood 01>servator>'  of  the  University  of  Chicago,  Chicago,  l'.  S.  A.  Authors  of 
papers  are  refjuested  to  refer  to  last  page  for  information  in  regard  to  illustra- 
tions, reprint  copies,  etc. 

The  40-iiich  Telescope  of  the  Yerkes  Observatory.— The  large  discs  of  optical 
glass  made  by  Mantois  for  the  Tniversity  of  Southern  California  have  been  pur- 
chased by  the  University  of  Chicago.  They  arc  nearh'  4-2  inches  in  diameter,  and 
will  allow  of  a  clear  aperture  of  40  inches.  The  glass  is  said  b}'  Mr.  Alvan  Clark 
to  be  exceptionally  good.  Mr.  Clark  will  shortly  undertake  the  work  of  grinding 
the  objective,  which  he  has  contracted  to  complete  within  eighteen  months.  The 
contract  for  the  mounting  will  be  let  within  a  short  time.  The  site  of  the  Obser. 
vatory  is  still  undecided,  but  it  will  probably  be  several  miles  outside  the  city. 

Unusual  Appearance  in  a  Sun-Spot.— On  Sunday,  August  21,  at  5:35  p.  m.,  my 
usual  arrangements  for  solar  observation  by  projection  on  a  sheet  of  cardboard 
being  completed,  my  attention  was  at  once  arrested  by  a  remarkable  ap[)earance 
in  an  oval  spot  of  moderate  dimensions  (in  length  not  more  than  40"  of  arc),  in 
longitude  27G°,  latitude  24°  N.    Between  the  umbra  and  penumbra  was  a  band 
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of  bright  light  exceeding  the  brightness  of  the  facula?  then  visible  ticar  the  W. 
limb,  althotigh  the  spot  was  only  about  32*^  from  the  central  meridian. 

Besides  its  brilliancy,  which  caught  the  eye  at  once,  it  was  peculiar  from  the 
position  of  the  light  as  regards  the  nucleus,  being  e^t tenor  to  it  rather  than  io*^ 
tcrior,  such  faculous  light  being  not  uncommon  in  the  centre  of  a  spot  contaimog 
se%*eral  nuclei,  or  in  the  form  of  luminous  bridges  between  nuclei,  which  are  on 
the  point  of  separation,  but  not  on  the  outer  side. 

The  lustre  continued  without  diminution  until  6;5  P.  M-»  after  which  tiTOc 
passing  clouds  and  poor  definition  prevented  any  further  observation. 

At  7  A.  M.  on  the  following  day  it  hud  disappeared.  The  only  noteworthy  aU 
teration  in  the  spot  was  a  separation  of  a  small  portion  of  the  fjcnumbra  tu  the 
N.,  thus  not  precisely  in  the  same  direction  as  the  band  of  light,  which  laj 
towards  the  W.  I  much  hope  that  this  appearance  may  not  have  been  o^  wo 
transitory  a  nature  as  to  have  esca]>ed  the  observation  of  other  members  oC  oar 
Solar  Section^  and  that  some  of  the  daily  photographs  taken  at  Grcenwidi  Of 
elsewhere  may  be  found  to  confirm  li,— Jour.  B.  A.  A.^  1892,  p,  504. 

(Miss)  E.  Brqwx. 

Behavior  of  the  Arrowhead  in  the  C  line  in  a  Solar  Eclipse.  — When  the  slit  of  a 
spectroscope  is  placed  radially  across  the  image  of  the  Sun's  limb  the  C  and  P 
lines  at  the  boundary  of  the  Sun's  spectrum  and  for  a  short  distance  beyond  con- 
sist of  a  dark  line  narrowing  down  to  a  point,  with  a  bright  line  on  each  «de; 
these  two  bright  lines  being  joined  above  the  point  of  the  dark  line  and  extending 
down  into  the  spectrum  of  the  Sun's  disc.  The  whole  constitutes  the  tamiHar 
'^arrowhead." 

In  the  partial  solar  eclipse  of  Oct-  20  Just  after  the  observation  of  first  coft- 
tactf  the  slit  of  the  spectroscope  was  placed  radially  at  a  point  of  the  Sun's  Hmti 
which  the  Moon's  advancing  edge  was  about  to  obscure,  with  the  object  of  etadjr* 
ing  the  behavior  of  the  arrowhead  in  the  C  line.  k%  the  Moon  advanced  the  jifw 
rowhead  was  gradually  truncated  until  the  two  "  barbs'*  were  left  sepJiraCcd  willl 
a  dark  space  between  them ;  but  when  they  were  cut  down  to  about  the  edge  of 
the  bright  spectrum,  the  two  points  of  the  barbs  which  extend  down  into  tile 
spectrum  vanished  together  and  instantly.  The  observation  wft%  repeated 
with  care  a  number  of  limes. 


In  the  iigui-e  (1)  shows  the  whole  arrowhead;  (2)  was  each  time  easily  seen; 
(3)  was  not  seen  at  all.  though  car^lully  looked  for.  As  nearly  as  I  coold  jtidge 
the  time  when  the  barbs  disappeared  was  the  instant  when  the  truncation  oi  tlie 
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arrowhead  reached  the  edge  of  the  bright  spectrum.  The  observations  were  made 
with  the  Brashear  grating  spectroscope  on  the  23-inch  equatorial  of  the  Halsted 
Obser\-atory.  Taylor  Reed. 

Princeton,  X.  J.,  Oct.  28. 

Do  Large  Telescopes  Pay?— Apropos  to  the  announcement  that  the  University 
of  Chicago  will  have  a  telescope  of  forty  or  more  inches  aperture,  Mr.  John 
Ritchie,  Jr..  communicates  an  article  to  the  Boston  Commonwealth  on  the  subject 
**  Do  Large  Telescopes  Pay  ?  "  which  is  more  remarkable  for  its  vigor  than  for  the 
breadth  of  the  author's  views  disclosed  in  it.  The  question  is  not,  of  course, 
whether  large  telescopes  are  to  be  regarded  as  successful  financial  enterprises, 
but  whether  the  results  achieved  by  them  are  suflSciently  important,  in  a  scien- 
tific sense,  to  justify  the  expense  of  their  construction.  Mr.  Ritchie  answers  this 
question  in  the  negative,  fortifying  his  position  by  a  somewhat  lengthy  discus- 
sion of  the  standing  of  various  observatories  and  the  relative  merits  of  well- 
known  observers.  For  reasons  which  have  a  proverbial  basis,  we  prefer  not  to 
enter  into  these  personal  questions,  although  we  may  remark  that  some  persons 
may  be  inclined  to  dissent  from  Mr.  Ritchie's  opinion ;  but  the  relative  impor- 
tance of  various  kinds  of  astronomical  work,  which  is  necessarily  involved  in 
the  discussion,  is  a  subject  which  ma}'  be  considered  without  hesitation.  It 
necessarily  rests  on  the  correctness  of  personal  judgment,  and  is  therefore  un- 
avoidably affected  by  personal  bias;  for  where  can  a  man  be  found  whose  views 
are  so  broad,  and,  we  may  say,  whose  vision  is  so  prophetic,  that  he  can  assign 
to  facts  their  proper  relative  values,  and  tabulate  them  in  the  order  of  their  im- 
portance? We  once  heard  an  eminent  investigator  casually  refer  to  a  certain 
discovery  in  physics  as  one  of  trifling  value,  while  some  weeks  later  an  equally 
competent  authoritj-  wrote  of  it  in  one  of  the  phN'sical  journals  as  a  discovery  of 
great  importance.  Every  specialist  is  naturally  inclined  to  attribute  more  than 
ordinary  importance  to  the  line  of  study  in  which  he  is  himself  engaged,  and 
moreover,  a  value  which  is  in  some  degree  fictitious  is  attached  to  whatever  is 
difficult  to  ascertain. 

Mr.  Ritchie  regards  the  discovery  of  a  fifth  satellite  of  Jupiter  as  of  little 
value,  probably  because  it  was  made  by  so  brutal  a  method  as  that  of  simple 
visual  observation  with  a  large  telescope.  If  the  satellite  had  been  found  by 
studying  the  possible  perturbations  of  the  other  satellites,  he  w'ould  doubtless 
have  considered  the  discovery  one  of  the  most  splendid  triumphs  of  the  age.  This 
view  has  much  in  its  favor,  but  it  places  the  means  before  the  end.  The  satellite 
has  been  found  to  exist;  we  fail  to  see  how  the  simplicity  of  the  method  can  so 
completch'  destroy  the  importance  of  the  fact. 

The  only  sphere  of  usefulness  which  Mr.  Ritchie  will  allow  great  telescopes  is 
the  observation  of  objects  beyond  the  range  of  small  telescopes,  and  to  such  ob- 
jects be  thinks  their  use  should  l^e  restricted.  The  absurdity  of  this  view  does  not 
require  pointing  out, — certainly  not  to  anyone  who  has  used  a  large  telescope. 
The  same  advantages  (greater  light,  magnification,  and  resolving  |)ower)  which 
make  the  large  instrument  superior  to  the  small  one  in  the  case  of  very  faint  and 
minute  objects,  still  remain  a  source  of  superiority  for  objects  that  are 
brighter.  We  should  be  inclined  to  reverse  the  rule  in  the  apportionment  of  the 
field,  and  confine  the  use  of  the  small  telescope  to  work  in  which  rapidity  is  the 
chief  consideration.  It  is,  of  course,  understood  that  reference  is  here  made  to  the 
equatorial  telescope,  the  superiority  of  the  small  instrument,  when  used  with 
graduated  circles  for  observations  of  precision,  being  undisputed.  From  Mr. 
Ritchie's  point  of  view  it  would  seem  that  the  field  of  employment  for  an  equa- 


dark  lines  observed  in  the  spectrum  of  Nova  Auriga?  during  the  winter  bad  thctr 
origin  in  a  gas  stratum  which  partook  of  the  motion  of  the  solid  body,  «nd  heoer 
their  observed  displacement  is  a  measure  of  the  motion  of  the  star  in  the  line  o} 
sight.  The  velocity  thus  determined  is  about  300  miles  per  s^^cond,  and  that  of 
the  star  on  entering  the  cosmical  cloud  must  therefore  have  been  ettuat  to  Of^ 
greater  than  this.  An  initial  velocity  of  this  magnitude  is  certainly  surjirisinf^ 
but  it  is  not  impossible,  or  even  without  a  parallel,  as  the  j»olotcd  atar  1830 
Groombridge  is  moving  at  a  minimum  rate  of  200  mites  per  second,  and  actually 
perhaps  several  times  faster  than  this.  New  stars  are,  morc<5vcr,  exceptional  pbe* 
nomenn^  and  it  is  rather  to  be  expected  that  their  attending  circa mftt a nces  sbottld 
be  exceptional. 

But  we  have  now  to  point  out  some  difficulties.  As  the  durk  lines  were  dis- 
placed toward  the  violet,  the  star  was  approaching  the  Earth.  The  gascou* 
mattergiving  the  bright  lines  was  receding  from  the  Earth  at  the  rate  of  orer  4CH» 
miles  per  second.  It  is  not  clear  how  matter  detached  from  the  solid  body  cf>uld 
have  so  great  a  velocit_v.  On  the  other  hand,  if  the  light  came  from  particle*  of 
the  nebulous  cloud  heated  by  friction,  or  by  radiation  from  the  incandescent  nor- 
face  of  the  body,  one  would  ex[>ect  that  the  most  swiftly  moving  particles  would 
be  those  most  intensely  hentcd;  but  according  to  observation,  the  bright  Utir* 
were  brightest  and  most  sharply  defined  on  the  upper  side,  which  WJi»  tbat  Ictt^l 
displaced »  this  appearance  indicating  a  low  limiting  velocity  for  the  bngbteit 
particles. 

These  are  |>erhaps  not  serious  objections,  but  bow  arc  we  to  arconat  for  tJbe 
observed  fact  that  after  the  reappearance  of  the  star  the  bright  Hoes  in  its  spee* 
trum  were  displaced  towiird  the  violet,  whereas  the  bright-line  spe^'-truiti  during 
the  winter  was  displaced  toward  the  red  ?  It  is  true  that  the  two  spectra  do  not 
seem  to  be  very  closely  related,  but  some  lines,  notably  those  of  hydrO|c«n.  •« 
common  to  both,  and  it  is  not  easy  to  see  how  such  a  change  in  the  direction  of 
their  displacement  can  be  accounted  for  on  any  hypothesis  involving  rectiHiiefir 
motion  only.  The  slackening  in  the  rate  of  approach  which  Professor  Campbell 
has  recently  observed^  and  which  has  not  been  accompanied  by  any  outburst  of 
light,  is  also  incompatible  with  rectilinear  motion.  The  difficulty  might  \x  met 
by  calling  to  our  aid  some  center  of  attraction,  as  a  dark  body  within  the  Debuta 
(although  the  nearly  constant  velocity  during  the  winter  would  remain  unet- 
plained)  but  in  that  case  the  hyjx>thesis  would  lose  its  extreme  simplicity.  Pro- 
fessor Secliger's  criticism  of  former  hypotheses  is  of  great  value,  and  itii  forve 
remains,  whether  his  own  explanation  is  regarded  us  tenable  or  not.  We  bat* 
not  yet  seen  the  end  of  Nova  Aurigw,  and  a  complete  solation  of  the  difficult 
problems  which  it  has  presented  to  us  may  have  to  wait  for  the  light  nf  futttre  In- 
vestigatious. 


A  Smull  Spectroscope  by  Mr.  Brashear. — Mr.  Bras hca r  hiiJi  recent K  ^r. 
Small  but  high-class  spectroscope  xvbich  is  light  enough  to  be  ueed  on  : 
from  four  to  eight  inches  aperture,  and  which  can  be  sold  at  a  p\.> 
bring  it  within  the  reach  nf  amateurs.  It  has  telcscoi>es  of  8  inches  ' 
inch  ajx-rtnre,  and  it  can  Ije  used  with  either  a  prism  or  a  grating.  /^ 
attachments  arc  provided,  and  some  luxuries.  .Anotlier  tnstruineni 
pecially  for  amateurs  is  a  small  position  micrometer. 


d  a 

ai 

viU 
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On  the  Mass  of  the  Earth's  Atmosphere,--M.  Mascart.  vnih  \m  uaoal  Ineiiiil^. 
has  revised  Laplace's  computation  of  the  mass  of  the  atmosphere.  Laplore  ob» 
tained  his  well  known  barometric  formula  by  assoming  that 


I 
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_R 

where  p©  =  density  of  atmosphere  at  sea  level. 
R   =  radius  of  Earth. 

H  =  height  of  the  homogeneous  atmosphere  [density  =:  Po]  whose  pres- 
sure will  just  balance  that  of  the  barometer. 
b   =  height  above  sea  level. 

b 
*    —    R  +  b  ' 
But  this  law  makes  the  mass  of  the  atmosphere  infinite  and  must,  therefore, 
be  discarded. 

Mascart  proceeds  to  take  account  of  the  variation  of  gravity  with  altitude 
and  also  of  the  fact  that  the  bounding  spherical  surface  increases  as  one  goes  from 
the  surface  of  the  Earth  outwards.  But  he  distinctly  disregards  the  complication 
introduced  by  the  rotation  of  the  Earth  on  its  axis.  His  method  is  to  assume, 
using  the  notation  above, 

pz=p^fis) 
and  then  find  the  most  probable  form  of  f{s).    The  considerations  which  deter- 
mine the  form  of  this  function  are  three  in  number,  viz.: 

(1 )  The  mass  of  the  Earth's  atmosphere  must  be  finite. 

(2)  The  value  of  —  must  be  small. 

(3)  The  function  must  become  unity  for  the  surface  of  the  Earth,  /.  e.,  for 
s  =  0;  it  must  decrease  continuously  as  b  increases  and  become  zero  when  A=:  x  . 

These  lead,  not  with  mathematical  rigor,  but  with  a  high  degree  of  probabil- 
ity, to  the  following  expression  for  the  density  at  any  point 

p=:p^(l-s)*e-«* 

where  a  is  a  constant  to  be  determined  by  barometric  observations  at  elevations- 

as  different  as  possible. 

Solving  for  ex, 

1  p^ 

a  =  —    logd  — sV)y 

Data  obtained  on  Mt.  Blanc,  Pike's  Peak,  and  the  Sonnblick  give 

a  =:  660.  approx. 
This  value  is  next  employed  to  get  the  mass  of  the  atmosphere  by  integration, 
in  the  usual  manner 

Mass  =  C^iritiR  +  b  )2p  db  =r  4.«'R'Po  |     (ils)*^^' 

=z  constant  .1       e—  '-»«  ds. 
J  o 

Performing  the  quadrature  one  sees  that  Mascart's  statement  of  the  law  of  vari- 
ation of  density  with  altitude  is  equivalent  to  saying  that  the  ratio  of  the  mass  of 
air  above  any  height.  A,  to  the  total  mass  is  e~  ''•^  . 

From  this  integral  the  author  also  readily  derives  the  height  of  a  homogen- 
eous atmosphere  defined  as  follows,  viz.:  one  whose  density  is  constant  and  equal 
to  Pq,  and  wbose  mass  is  equal  to  tbe  integral  above. 

This  definition  implies  simply  that  in  defining  the  homogeneous  atmosphere 
one  takes  into  account  the  diminution  of  gravity  at  high  altitudes.  The  result 
is  somewhat  surprising.  The  height  thus  obtained  is  one-sixth  greater  than  that 
of  the  homogeneous  atmosphere  as  ordinarily  defined,  viz.:  tbe  beigbt  ofatmos- 
pbere  of  density  />©  wbicb  will  produce  tbe  same  pressure  as  tbat  indicated  by  tbe 


whrtjcc 


'''■=  (jf-/)  "'• 


Now  di  can  be  read  otT  the  draw  tube  as  the  spider  webs  arc  illumiuntci 
one  color  after  finr»tber  while  comparatively  rough  measurements  of  s  nud  i  will 
g^ivc  the  factor  si's  +  /  with  required!  accuracy*  All  that  remains  is  to  plot  cf/'as  :i 
function  o(X.  '  Henry  Crew. 

Nova  Aurigae.— The  reappearance  of  Nova  Aun^fc  seems  to  have  been  noticed 
almost  simultaneously  on  both  sides  oi  the  Atlantic  At  Mt.  Hamiltoti  the  ntar 
was  observed  to  have  au/irm*^^*^*^*^  in  brightness  on  August  17.  and  li  '  '  ! 
Mr,  Henry  Cordcr  made  the  same  observation  on  Au^^ust  19,     Earlicf 

was  prcvcntcil  by  the  unfavorable  position  of  the  «tar.    On  the   •- ^ 

l«or  Secliger  s  hypothesis  no  special  importance  would  attach  i 
observant  ions  of  Nova  Aurigit,  the  fluctuations  of  briKhtncii^  i 
nothing  more  than  caaual  variations  of  density  in  a  cosmical  ciomi 

A  Translfltioo  of  Scheiner*!  Dh  Spcctralanafysc  der  GcstSmc—Mc^^r^    i  li: 
Company  of  Boston  announce  for  early  publication  a  translation  of  Dr,  Scl»di 
cr's  well-known  work  by  I'rof.  E.  B.  Frost  of  Dartmouth  College-     They  have 
tablished  a  tk'partmcnt  of  Special  Publicatioui  which*  necording^  to  a  recent 
cidar '' will  prepare  and  send   out  to  atl  likely  to  be  interested  detailed  prnM»ciN 
tuses  of  works  of  this  class  that  may  lac  offered  us,  and  invite  stiliscripti- 
pledges  for  a  specified  number  of  copies,     If  the  responses  arc  sutficiently  c.^ 
aiding, the  book  will  be  published/'     W'e  sincerely  ho^ie  that  in  the  cose  of  the  pi 
ent  work  the  responses  will  be  **  sufficiently  encouraging,"  for  the  need  of  an  Ei 
lish  edition  has  been  widely  recognized.     Professor  Frost's  stay  of  two  y 
I'otsdam,  and  his  intimate  ac»|uaintancc  with  Dr.  Schcincr*  ^ivc  him  sj 
vantages  in  undertaking  the  translation*  and  we  look  f •  r  a  book  oJ  grait 
We  give  below  the  prosjwrctus  issued  bv  Messrs*  Gtnn  &  Co. 

A  Translation  op  E>r.   Scheiker*s    Djk    Spectral- An alvsk    Dbm    GB9TI1] 

By  Professor  Euwix  B.  Fmost  of  Dartmouth  Cuihge, 

This  work,  by  one  of  the  brightest  astronomers  of  the  Koyal  ObscrvalOfJ 
Potsdam,  was  published  in  the  autumn  of  1890,  and  has  already  made  itaell 
standard  treatise  on  Astronomical  Spretrosc*)py- 

The  aim  of  the  work  has  l>een  to  provide  a  thoroughly  Sicicntiric  hnncU  o 
which  should  cxplani  the  most  practical  and  modern  methods  of  rtSMrarch  in 
scrvatory  and  laboratory,  and  should  orescnt  a  clear  account  of  the  present  state 
of  our  knowledge  of  the  constitution,  physical  condition  and  nioiic»ft!i  ul  ibt*  Itcnt* 
enly  bodies,  in  so  far  as  these  are  revealed  by  s|x*ctrosc<»pic  rcRenrebe'S. 

A  simple  and  strntghttorward  style  of  expression  an<l  development  ha* 
followed    by   the   author,   and  will  l:»c  preserved  liy  the  translatur,  s«i  lb:i 
hoped  th.Mt  the  physical  interprctntton  of  the  principles  anil  thcor\*fns  di- 
will  be  entirely  clenr  to  those  who  do  not  care  to,  or  arc  unable  to  follow  uu 
mathematical  demo nstrnt ions. 

The  subject  matter  of  the  work  is  divided  into  three  pints: — 

1.    Sjjcctroscopic  Apparatus, 
11.    Spectral  Theories. 
IIL     Results  of  Spectroscopic  Observations  ol  the  Heavculy  Bodice, 

To  tliese  is  added  a  fourth  part  containing  a  ntimber  of  extensive  find  useful 
tables  of  wave-lengths  of  lines  of  the  solar  spectrum,  catalogues  of  9tnr»  with 
special  tyjies  of  sjiectra,  an  J  a  full  bibliography  of  the  subject,  which  will  be 
brought  down  to  1893. 

The  edition  in  English  will  be  finely  illustrated  with  the  T.l  woodciitB  and 
lithographed  plates  of  the  original,  with  some  additions.  The  illtifitrntiotis  art, 
it  should  be  said,  nlmost  wholly  new.  and  not  reproductions  of  the  tradixionjit 
figures  which  hnve  so  long  appeared  in  all  books  touching  upon  thin  subject. 

A  number  of  additions  and  some  changes  will  l»c  made  in  the  translatioa  to 
adapt  it  more  nearly  to  English  and  American  readers. 

The  cordial  sup|)ort  and  co-ojieration  of  the  author  is  assured. 

The  volume  will  comprise  about  350  pages  of  text  atid  100  paj^csi  of  tnhkv 
and  bibliography.  The  price  will  Ik  set  at  $5.00,  It  is  hoped  lh«t  il  may  he 
ready  in  about  a  year. 

It  is  expected  that  this  Treatise  on  Astronomical  Sj)ectroscopy  will  Ijc  fnunJ 
of  constant  and  t*f>ecific  service  to  — 


I 


J-tt 


ib^li 


Astronomy  and  Astro-Physics.  935 

1  be  professional  and  amateur  worker  in  astro-physics  and  astronomy y  for  the 
practical  information  and  useful  data  it  contains; 

The  instructor  and  student  in  physical  laboratories,  for  its  treatment  of  the 
solar  spectrum,  spectrometers,  prisms  and  gratings,  and  for  its  tables; 

The  advanced  classes  in  higher  institutions,  for  a  text  book ;  and 

The  lower  classes,  for  a  book  of  reference: 

Teachers  of  elementary  astronomy  and  physics  generally,  who  wish  to  have 
at  hand  a  reliable  source  of  information  extending  be3'ond  that  given  in  their  text 
books ,  and  to  the  increasing  body  of 

Amateurs,  of  both  sexes,  who  are  in  America  and  England  manifesting  their 
interest  in  the  progress  of  the  science  by  their  active  participation  in  the  work 
of  the  various  scientiBc  societies. 
Address  Ginn  &  Company.  Boston. 


Recent  Spectroscopic  Determinations.— The  letter  printed  below  appeared  in 
Nature,  Sept.  29,  1892,  and  refers  to  an  important  article  by  Professor  Michelson 
which  will  be  found  on  another  page: 

In  the  September  number  of  the  Philosophical  Magazine  Mr.  Michelson  has 
published  determinations,  by  a  most  interesting  method,  of  very  close  double  and 
multiple  lines.  In  any  attempt  to  interpret  his  results,  it  is  necessary  to  bear  in 
mind  the  profound  modifications  which  the  internal  motions  of  a  gas — the  recti- 
linear motions  of  the  molecules  between  their  encounters,  as  well  as  the  motions 
going  on  within  each  molecule — had  undergone  within  the  Geisler's  tubes  upon 
which  he  experimented. 

In  a  gas  under  ordinary'  circumstances  the  rectilinear  journeys  of  the  mole- 
cules take  place  indifferently  in  all  directions,  and  where  this  is  the  case  it  follows 
from  the  well-known  relation  between  the  surface  of  a  sphere  and  that  of  its  cir- 
cumscribing cylinder,  that  the  effect  of  the  velocities  which  happen  to  lie  between 
y  and  k  +  ^k  is  to  substitute  for  each  line  of  the  spectrum  of  the  gas  a  band  of 
uniform  intensity  and  without  nebulous  edges,  the  width  of  which  can  be  calcu- 
lated. This  width,  for  example,  is  .04  of  an  Angstrom  or  Rowland  unit  (the 
tenth-metre),  in  the  yellow  part  of  the  spectrum  and  for  velocities  of  the  mole- 
cules which  lie  in  the  neighborhood  of  two  kilometres  per  second,  which  is  about 
the  average  velocity  of  molecules  of  hydrogen  at  atmospheric  temp)eratures. 
Hence  with  all  the  velocities  that  prevail'  among  the  molecules,  the  eflfect  of  the 
rectilinear  motions  under  ordinary  circumstances  is  that  each  line  will  lie  sym- 
metrically widened  and  rendered  nebulous.  To  this  effect  Mr.  Michelson  calls  at- 
tention. 

But  in  the  residual  ^as  of  a  Geisler's  tube  through  which  electricity  is  passing, 
the  case  is  altogether  different.  Here  the  rectilinear  motions  of  the  molecules  are 
not  alike  in  all  directions,  but  preponderate  in  some;  a  state  of  things  which  must 
at  least  double  the  lines,  and  may  introduce  greater  complications. 

Moreover,  different  lines  may  be  differently  affected,  since  the  behavior  of  the 
gas  varies  according  to  its  position  between  the  electrodes;  as  is  evidenced  by  the 
observed  differences  in  the  form  and  coloring  of  the  striae,  &c.,  in  the  several  parts 
of  a  Geisler's  tube. 

We  must  also  be  on  our  guard  in  another  respect,  when  we  attempt  to  inter- 
pret the  results,  since  the  distribution  of  the  heat  energy  of  a  gas  between  the 
rectilinear  motions  of  its  molecules  and  the  motions  within  the  molecules,  which 
in  the  case  of  ordinary  gas  is  a  fixed  ratio,  is  certainly  largely  departed  from  in 
gas  through  which  electricity  is  passing.  Until  the  laws  of  the  new  distribution 
are  understood,  the  temperature  of  the  gas,  judged  of  by  its  behavior  to  neigh- 
boring bodies,  will  give  us  little  information 

It  is  to  such  events  as  are  referred  to  above,  or  others  which  like  them  may 
anac  from  the  special  circumstances  under  which  the  vapor  of  sodium  was  in  Mr. 
Michelson's  experiments,  that  we  must  apparently  turn  for  an  explanation  of  the 
doubling  of  the  constituents  of  the  principal  pair  of  sodium  lines  which  he  has  de- 
tected; since  he  found  that  "the  width  of  the  lines,  their  distances  apart,  and 
their  relative  intensities  vary  rapidly  with  changes  m  temperature  and  pressure.** 

The  method  of  investigation  which  Mr.  Michelson  has  so  successfully  applied 
appears  to  be  by  far  the  m  jst  searching  means  yet  discovered  of  experimentally 
investigating  the  intricate  and  obscure  phenomena  which  present  themselves  in 
Geisler's  tubes,  and  we  seem  justified  in  hoping  for  great  results  from  it. 

G.  Johnstone  Stoney. 

9  Palmerston  Park,  Dublin,  September  22. 
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PLANET  NOTES  FOR  JANUARY.  1893, 


M»  C.  WILSON, 

Mercury  during  the  first  few  day^  of  January  will  l>c  visible  to  the  naked  eye 
in  the  morning.  One  should  look  toward  the  east  at  7  a.  SL*  a  little  ubovc  the 
point  where  the  Suti  will  rise. 

T'en/iS  will  be  in  the  same  part  of  the  heavens,  but  ahotit  15°  toward  the 
west.  There  will  l>e  no  dilficulty  in  seeing  Venus  with  the  naked  eye  during  thi» 
month,  but  telescopic  observations  will  be  difficulty  because  uf  the  low  altitude  < 
the  planet. 

M&rs  will  be  visible  in  the  evening  until  1 1  r.  m.  The  he«t  time  for  obsemn 
the  planet  is  just  after  Sunset.  The  disk  of  Mars  will  be  less  than  8**  in  iltameti 
during  the  greater  part  of  the  njonth  so  that  we  need  not  expect  to  «rc  much  of 
detail  on  its  surface.  At  10  p.  M.  Jan.  25  there  will  be  a  conjunction  of  Mart  and 
Jupiter.  Mars  will  pass  1°  36'  to  the  north  of  Jupiter  on  its  eastward  course,  k 
telescope  with  low  power  will  at  that  time  show  both  planets  in  the  field  of  riew 
at  once.    It  will  be  an  excellent  time  for  comparing  the  light  of  the  two  planets, 

7r;p/ter,  will  be  at  (juadrature  90^  cast  from  the  Sun.  Jan.  5.  tin  Jan.  2:*  at 
6^'  48'"  P.  Mm  centnd  time,  there  will  be  a  close  conjunction  of  Jupiter  nxid  the 
Moon.  As  seen  from  iheceiiter  of  the  Earth  Jupiter  would  then  be  only  C  north 
of  the  Moon's  center.  In  the  southern  part  ol  the  Cnit^d  States,  Mexico»  Central 
America  and  the  greater  part  of  South  America,  there  will  be  an  occultatioil  nl 
Jupiter.  In  hititudes  north  of  38'  parallax  will  throw  the  Moon  to  tlie  flontli 
ol  Jupiter. 

Since  our  last  notes  were  written.  Professor  Ormond  Stone  has  published,  m 
the  Astronomical  Journal  }io.  277,  micrometric  observntion«  of  the  new  satellite 
of  Jupiter,  made  by  himself  with  the  2*5Mnch  equatorial  of  the  LcAiider  McCorrnkk 
Observatory  on  the  night  of  Oct.  18.  Professor  G.  W,  Hou^h  also  ha»  reported 
that  he  was  able  to  see  the  new  satellite  with  the  l8-iuch  equatorial  of  Dearborn 
Observatory.  Professor  Barnard,  the  discoverer,  gives  the  period  of  the  iiftb 
satellite  as  11'*  57"'  20.5%  and  its  mean  distance  from  the  planet*^  oenter  us 
112,510  miles  {Astnjoun  No.  27T). 

We  presume  it  is  unnecessary  to  tell  many  of  our  reiders  nrherc  the  plancti 
Jupiter  and  Man*  are,  but  for  the  sake  of  any  who  may  not  know  Ww*  will  say 
that  they  are  the  two  bright  stars  which  we  see  towards  the  south  and  about 
half  w^ay  up  to  the  zenith  in  the  early  evening.  Both  exceed  in  brilUaitcy  any 
other  stars  in  the  evening  sky.    Jupiter  is  white,  while  Mars  is  red. 

Saturn  will  be  at  quadrature  90''  west  of  the  Sun  Jan.  2.  This  planet  will  lie 
in  goud  position  for  observation  in  the  morning  during  January.  It  may  be 
easily  recognized  by  its  position  in  the  center  of  the  constellation  V^irgo  and  iu 
bright  yellow  color.  There  will  be  a  conjunction  of  Saturn  with  the  Mooa  ^ 
2*"  15™  A.  M.,  Jan.  6.  This  will  prodace  an  occukation  of  the  planet  as  seen  1 
South  America. 

Uranus  will  be  at  quadrature,  90**  west  from  the  Sun,  Jan.  20,  and  may  be  ob- 
served best  at  from  4  to  6  a«  Mt  This  planet  is  in  the  constellation  Libra  a  htUe 
west  of  the  bright  star  <t.  It  may  be  recognised  with  a  telescope  of  modentte 
power,  by  its  dull  gi*een  disk. 
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Chart  op  Neptune's  Position  in  the  Constellation  Taurus. 

Neptune  will  be  in  excellent  poHition  for  observation  daring  January!  The  ac- 
companying chart  will  indicate  where  this  planet  should  be  looked  for.  It  cannot 
be  recognized  by  its  disc  except  with  large  telescopes.  The  best  way  for  an  ama- 
teur to  find  it  will  be  to  make  a  careful  chart  of  all  the  stars  seen  in  this  region 
and  note  from  night  to  night  which  star  changes  its  position.  Neptune  will  be  in 
conjunction  with  the  Moon,  4°  37'  south,  Jan.  27  at  Q**  36"  a.  m. 


Date.  R.  a. 

1893.  h       m 

Jan.     5  ....17  31.3 

16 18  29.0 

25 19  33.6 

Jan.     5 17  04.8 

15 17  58.3 

25 18  52.4 

Jan.     3 0  21.7 

16 0  45.7 

25 1   10.0 

Jan.     5 1  01.9 

15 1  05.7 

25 1    10.5 

Jan.     5 12  50.2 

15 12  50.9 

25 12  50.9 

Jan.     5 14  31.0 

15 14  32.2 

25 14  33.1 


Decl. 

o         * 

22  06 

23  29 
23  01 


MERCURY. 

Rises, 
h      m 

5  59  a.  M. 

6  25     ** 
6  47     " 


+ 
+ 


VENUS. 

21  45  5  31  A. 

22  48  5  50     * 
22   42          6   05     • 

MARS. 
11   06  A. 
10  40     ' 
10   14     • 


2  17 
5  04 
7  47 

5  13 

5  40 

6  12 


-  2  45 

-  2  47 

-  2  44 

-  14  24 

-  14  30 

-  14  34 


JUPITER. 
11  35  a.m. 
10  57     *• 

10  21     " 

SATURN. 

11  52  P.M. 
11   13    •• 
10  34     ** 

URANUS. 

2    25  A.  M. 

1    47     ** 

1   08     ** 


Transits, 
h       m 
10  29.5  a.m. 

10  47.5     •* 

11  12.7     ** 

10  02.8  a.m. 
10  16.9     " 
10  31.7     " 

5   18.6  P.  .M. 
5  03.2     •* 

4  48.2     •* 

5  58.6  P.  M. 
5  23.2     " 
4  48.6     •• 


5  45.0  A. 
5  06.4  • 
4  27.1     * 


29.7  a.  m. 
51.5     '• 
13.0     *• 


Sets, 
h    ir 

3   00  P.  M. 
3   11     " 
3   38     " 

2  34  P.  M- 
2  43     ** 
2  59     " 

11  31  P.M. 
11   27    " 

11  22    •* 

12  23  a.m. 
11  49  p.m. 
11   16    " 


11  38  a.m. 
11  00    ** 
10  20    " 


12  35  p.m. 
11  56  a.m. 
11   18    " 
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NEPTUNE 

Dnte. 

R.  A, 

Decl. 

R«e». 

Traiiiltj 

Set»- 

1S93. 

b        m 

0       * 

h 

m 

ij        iti 

li    m 

Jan> 

5. 

4  30.1 

+ 

20   14 

1 

58  t 

*  M. 

9  26,3 

p.  M. 

4  55  A.  If . 

15. 

4  29.3 

+  20   13 

1 

18 

*♦ 

8  46.2 

1* 

4  15    " 

25. 

4  28.7 

+  20   12 

12 

38 

u 

8  06.2 

II 

3  35    " 

THE  SU?i. 

Jan. 

5. 

/ 

19  08.3 

_ 

22  32 

7 

37  a 

.  M. 

12  05.9 

P.  M. 

4  33  P.  ii, 

15. 

;;^;  19  51.6 

^ 

20  59 

7 

33 

" 

12  09.9 

a 

4  46     '^ 

25......20  33.8 

Configuration  of  J 

IS  46 

7 

26 

M 

12   12.7    ** 
*  p,  m.  Central  T 

5  00     ** 

iipittr'8 

Satellites 

at  81 

'ime. 

Fan. 

Jan. 

Jan. 

1 

4  2 

0    I  3 

11 

3 

a  0 

I  4 

21 

4  ' 

2   c  3 

z 

4  j 

0   2   « 

12 

3 

1  0 

4  • 

2Z 

4 

2   0   I  J 

3 

4  J   I 

0   2 

U 

0 

3  t  - 

I   4               2j. 

4 

1    0  3  2 

4 

4  3  2 

0    I 

14 

I 

2  0 

3  4 

24 

43012 

5 

4 

X  3 

0    2 

15 

2  0 

134             25 

3  2 

4   0    • 

6 

A 

0    I   3 

2 

16 

I  0 

324             26 

3  I 

2   0  4 

7 

4 

2  I 

0  3 

17    2x  ir 

3  0 

2 

27 

03124 

8 

2  4 

0   I  3 

18 

3  4 

2  0 

I 

28 

2X 

X    0  3  4 

9 

U 

042 

• 

19   4 

3  ' 

2  0 

29 

2 

1034 

10 

3  ' 

024 

Phc 

20 

4  0 

3  I  ' 

i                     30 
31 

itellites. 

10234 
30124 

nomena 

of  Jupiter's  Ss 

1893. 

h 

m 

h       in 

Jan. 

1 

9 

54  p.  M. 

I 

Sh.  In. 

17 

6    54    " 

I 

Tr.  In. 

2 

5 

06    •• 

III 

Tr.  Eg. 
Oc.  Dis. 

8    14    *' 

I 

Sh.  In. 

5 

53    •' 

I 

9    09    " 

I 

Tr.  Eg. 

8 

17    •• 

III 

Sh. In. 

18 

7    46    " 

I 

Ec.  Re. 

9 

25    " 

I 

Ec.  Re. 

19 

4    56    " 

I 

Sh.  Eg. 

3 

5 

16    »' 

I 

Tr.  Eg. 

8    47    " 

11 

Oc.  Dis. 

6 

36    " 

I 

Sh.  Eg. 

20 

6    26    " 

III 

Ec.  Dis. 

9 

18     '• 

11 

Tr.  In. 

7    14    " 

III 

Ec.  Re. 

5 

6 

04    •' 

II 

Oc.  Re. 

21 

6    33    ♦♦ 

II 

Tr.  Eg. 

6 

18     •* 

II 

Ec.  Dis. 

6    39    ** 

II 

Sh. In. 

8 

39     " 

II 

Ec.  Re. 

9    06    •' 

II 

Sh.  Eg. 

9 

6 

40    " 

III 

Tr.  In. 

24 

8     52     " 

I 

Tr.  In. 

7 

49    " 

I 

Oc.  Dis. 

25 

6     13     " 

I 

Oc.  Dis. 

9 

09     '* 

III 

Tr.  Eg. 

26 

4    39     " 

I 

Sh.  In. 

10 

4 

57     •* 

I 

Tr.  In. 

5    36     " 

I 

Tr.  Eg. 

6 

19    *' 

I 

Sh.  In. 

6    52     " 

I 

Sh.  E^. 
Oc.  Dis. 

7 

12    ♦' 

I 

Tr.  Eg. 

27 

4    58     •• 

III 

8 

31     *' 

I 

Sh.  Eg. 

7    27    •• 

III 

Oc.  Re. 

11 

5 

50    " 

I 

Ec.  Re. 

28 

6    42    •' 

II 

Tr.  In. 

12 

6 

07    ** 

II 

Oc.  Dis. 

9    16    " 

II 

Tr.  Eg. 

8 

42    " 

II 

Oc.  Re. 

9     17     •' 

II 

Sh.  In. 

8 

55    •♦ 

II 

Ec.  Dis. 

30 

5    49    •♦ 

II 

Ec*  Re. 

14 

6 

28    " 

II 
Pha 

Sh.  Eg. 

5  Moon. 

ses  and 

Aspects 

of  th< 

d 

h    m 

Full  Moon 

... 

Jan.      2 

7  41 

A.   M. 

Last 

Quarter. 

•'        9 

4  28 

P.   M. 

Apogee 



"     12 

1  00 

A.   M. 

New 

First 

Vloon 

**     17 
•'     25 

7  28 
12  27 

P.   M. 

Quarter. 

A.  M. 

Perigee 

•*     27 

7  36 

P.   M. 

Full  Moon 

'•     31 

8  11 

<4 
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Occultations  Visible  at  Washington. 

IMMERSION 

EMERSION 

Date 

Star's 

Ma^i- 
tude. 

■    Washing-     Angle 

Washinfi 

;-    Angle 

1893. 

Name. 

ton  M.  T.    f 'm  N  pt. 

ton 

M.  T. 

.  f 'm  N  pt.  Duration. 

h 

m             ° 

h 

ni 

o 

h      m 

Jan.     7 

10  Virginis... 

....6.4 

11 

40        121 

12 

45 

303 

1     05 

8 

38  Virginis... 

....6.2 

11 

36          64 

12 

11 

356 

0    34 

11 

I*  Librae 

....5.0 

15 

24        156 

16 

21 

268 

0    57 

11 

I*  Libra 

....6.5 

15 

41           93 

16 

45 

333 

1     04 

14 

3  Sagittarii.. 

.  ..4.6 

16 

08        104 

17 

09 

287 

1     00 

22 

lOCeti 

....6.2 

8 

53          81 

9 

48 

220 

0    55 

25 

50  Arietis 

....6.8 

7 

51          77 

9 

07 

230 

1     16 

25 

54  Arietis 

....6.3 

12 

10          62 

13 

06 

268 

0    56 

26 

32Tauri 

....6.0 

6 

36          72 

7 

57 

238 

1    21 

29 

W.  ri,  1656... 

....8.2 

4 

37        109 

5 

30 

241 

0    53 

29 

47  Geniinoruni..6.0 

8 

05        128 

9 

07 

234 

1    02 

31 

B.A.C.  3138.. 

....6.3 

8 

20          28 

8 

36 

2 

1    16 

31 

B.A.C.  3206.. 
Minima 

....6.3 

14 

58        116 

16 

Igol 

06 
Typi 

305 

1    08 

of  Variable  Stars  of  the  Al 

U.  CEPHEI. 

SCANCRL 

S  ANTLL«  CoNT. 

R.  A 

•....0»»  52'"  32- 

Decl 

+81°    17' 

R.  A. 

8»»37"^39- 

22 

3    " 

Period 

2dll»^50'" 

Decl.. 

+-  19°  26' 

23 

3    " 

1893. 

Period 

9f/ll»»37" 

24 

2    ** 

Jan.    1 

1  A.  M. 

Jan 

.    3 

6  P.  M. 

25 

1    " 

•*          6 

1    •' 

13 

6  A.  m. 

26 

1     '* 

11 

1    '* 

22 

5  P.  m. 

26 

midn. 

15 

midn. 

Feb 

.     1 

5  A.  M. 

27 

11  P.M. 

20 

28 

11      *♦ 

25 

.( 

S  ANTLI^E. 

29 

10     ** 

30 

11  p.  M. 

30 

9     '• 

ALGOL. 

R.  A. 

9»'27"»30' 

31 

9     •' 

R.  A 

Dccl 

3»>01»01« 

+40°    32' 

Decl 

Period 

—28°    09' 

7»»47"^ 
2  a.m. 
1     " 
midn. 
midn. 
11  p.  M. 

fl  LIBRvE. 

Period 

2f/20»»49™ 

Jan. 

1 
2 
2 
3 
4 

Jan.    2 

Up.  M. 

K 

:.  A.. 

.14»»  55™  06- 

5 

8 

8    •* 
5    •• 

Decl 

Period 

.—    8°     05' 
.2d    7^  51™ 

23 

1  A.  M. 

5 

10    *' 

Jan. 

3 

11  P.M. 

25 

9  P.  M. 

6 

7 
8 

10    •' 
9    ** 

5  A.  M. 

6 

7  A.  M. 

28 

6    •• 

10 

11  p.  M. 

31 

3    " 

13 

7  a.m. 

R.  CAMS  MAJORIS. 

9 

4    •• 

17 

10  p.m. 

R.  A 

...7»»14'»30- 

10 

3      ' 

20 

6  A.  M. 

Decl 

,...—  16°    11' 

11 

3    " 

24 

10  p.  M. 

Period 

,..Ad  03^16"^ 

12 

2    " 

27 

6  A.  M. 

Jan.    8 

10  P.M. 

13 

1     *• 

31 

10  p.  M. 

10 

1  A.  M. 

14 

1  A    M. 

11 

4    " 

14 

midn. 

U  C0R0N.4i. 

16 

8  p.m. 

15 

11  p.  M. 

17 

midn. 

16 

11    •• 

K 

:.  A.. 

.15»»  13«  43» 

19 

3  A.  M. 

17 

10    ** 

Decl... 

.+  32°     03' 

24 

7  p.  m. 

18 

9    •• 

Period 

.3d  10»>51« 

25 

11     •• 

19 

9    •• 

Jan. 

17 

6  a.m. 

27 

2  A.  M. 

20 

5  A.M. 

24 

4    " 

28 

5     •* 

21 

4    •• 

30 

2    " 

Two  Hew  Asteroids.— These  were  both  discovered  by  means  of  photography. 
1892  J  was  found  on  plates  exposed  b3'  Wolf  at  Heidelbere,  Sept.  25  and  30. 
Its  position.  Sept.  30,  at  12'»  Beriin  mean  time  was:  R.  A.  S^  21.'"7;  Decl,  —  2° 
5(y.    Daily  motion  —  1».03  and  —  1'. 

1892  K  was  found  on  plates  by  Wolf.  Oct.  17  and  20.  Its  position  Oct.  20, 
9»»  50"  Greenwich  mean  time  was:  R.  A.  2»»  18«  38* ;  Dccl.  +  18°  08'. 


COMET  NOTES. 


Three  New  Comets  Imvc  been  discovered  dunii;j   November.     The  firet^J 
(lisoivered  tiy  Mr,  KcUvin  Holmes,  of  London,  En^.»  whose  IctUr   to  the 
Alcchanic  we  piint  below.    It  is  a  bright  tckscopic  comet,  barely*  visible 
naked  eye  but  easily  seen  with  an  opcra-glaas.     It  has  attracted  unusual  iittentia 
tVom  the  fRct  that  n  appeared  in  the  direction  from  which  Biela'8  comet  inij^ht  t 
ex|>ccted  to  approach  the  Earth.    Dr.  Bcrberich,  of  Berlin*  immediately  called  atl 
tention  to  this  fact,  and  jicveraJ  astronomers,  assuming  the  comet  to  be  Dtela'i^ 
calculated  the  distance  at  which  it  ought  to  be  and  the  time  when  it  would  croi 
the  Earth's  path.    This  time  was  found  to  Ije  within  a  few  hours  of  the  the  tin 
when  the  Earth   would  pass  the  sntne  point.    These  statements  given  to  new 
])aper  reporters  were  widely  circulated  and  produced  the  impression  that  th 
was  to  be  a  collision  between  the  comet  and  the  Earth  about  Nov,  27,    Lat 
calculations  do  not  confirm  the  assumption  of  identity  with  Biela's  comet, 
the  contrary  they  indicate  that  this  comet  is  at  a  great  distance  from  the  Eartll 
and  is  receding.    This  result  is  a  surprise  to  those  who  have  been  observing  th 
comet  for  it  has  rapidly  increased  in  size  since  it  was  discovered*    Its  diamcte, 
Nov.  22  was  more  than  three  times  as  great  as  on  Nov.  11,  althougb  the  Imgh^ 
ncss  was  somewhat  less.    It  is  moving  very  slowly  southward   m  Andronie^" 
and  is  still  near  the  star  m^ 

The  second  comet  was  discovered  by  Mr.  W,  R.  Brooks  on  the  fnorning  < 
Nov.  19th.    His  account  of  the  discovery  is  given  below. 

The  third,  the  announcement  of  which  has  just  been  received,  was  discov 
bv  Mr.  Freeman  at  Brighton,  Eng.,Nov   24.389  Gr.  mean  time.     It  is  described  i 
a'faint  comet,  in  R.  A.  O"*  29^"  uO*:  Decl.  -|-  ^iP  09',  daily  motion   0«  00*  and" 
—  3*^  12'.    This  is  also  in  Andromeda  near  the  Biela  meteor  radiant. 


Discovery  of  Comet  fiB^2  (Holmes).— On  Sunday  night,  Nov.  6th,  iit  11:45.  I 

found  a  new  comet   in  .\ndromeda.     It  was  bright  enough  to  be  visible  in 
opera-glass  through  the  haze  prevailing.    Nucleus  bright.  wM^th  sarroundin^r  ^  • 
losity  a'  in  diameter.    No  tail  viwibk,     I  made  the  position  0*^  46.8'" 
exactly  1""  10'  pre^'cding  S  72,     My  surroundings  prevented  me  watchii 
motion.    I  think  it  must  have  approached  rapidlv,  for  I  observed  that  rcginrj  »m 
Oct.  2o  and  observed  nothing  special.  hDWL\  fiOL^ns. 

English  Mechanic  Nov.  11,  1892. 


Elementaof  Comet  f  1892  (Holmes).— Attempts  to  represent  the  observntions 
of  this  comet  by  a  parabola  have  failed.  From  observations  by  Wendell  Nov.N 
and  my  own  of  Nov.  15  and  22,  Mr.  Sivaslian  has  computed  the  following 
parabolic  elements: 

T  =  Feb.  28.143.  1892 

o 

o)  =346  21  56 1 

V  —325  43  48}  1892,0 

1  =  24  17  38) 
logq  =0.29587 

The  residuals  (0— C)  for  the  middle  place  ^k  co^fi^^  —  173'' ;  ^/J  =:  +  160" 
cannot  be  very  much  i»ettercd  by  any  variation  of  the  distance.  An  attempt  lc» 
calculate  elliptic  elements  from  these  observations  showed  that  they  were  tnsuffi* 
cient  to  ^ivc  results  of  any  accuracy.  We  decided,  therefore,  to  WAtt  for  further 
observnticms. 

From  Science  06seri'er  special  circular,  No.  99  we  have  the  followtng  eUipttc 
elements  bv  Dr.  Kreutx  and  Rev.  Geo.  .\f.  Searle: 


Kreutz. 
T  =  June  11 
w  =     11^    38' 
U  —  333      31 
/  =     24      39 
q  =     2.1609 
C  =     0.4172 
Period  =     7,08  years 


Searle, 
Oct.  11.9802 

62^     19'    02" 
325      41      16 

19      16     43 

2.28036 

0.31963 
6.14  years. 


Comet  Notes.  941 


We  have  no  ephcmeris  extending  beyond  Dec.  5,  but  as  the  comet  is  bright 
and  moving  very  slowly  observers  will  have  no  trouble  in  following  it  through 
December. 


Comet  Holmes  seen  Nov.  3.— My  friend  Mr.  W.  A.  Post  of  Newport  News,  Va., 
writes  me  that  he  saw  the  Holmes  comet  on  the  night  of  November  3d.  **but 
thought  it  some  well  known  nebula.  "  He  was  using  a  five-inch  Byrne's  glass  at 
the  time.     He  sends  a  sketch  showing  the  comet  rather  oval  as  he  remembers  it. 

New  York.  Nov.  16,  1892.  R.  m.  smythe 


Discovery  of  Comet  g  1892  (Brooks).— On  the  morning  of  November  19  at  15 
hourn,  Eastern  Standard  Time,  I  discovered  a  rather  bright  nebulous  object 
which  I  soon  suspected  to  be  a  comet.  The  position  of  the  object  was  R.  A. 
12»»56«4.0*  +  12°59'. 

It  was  therefore  in  that  very  nebulous  region  of  Virgo  and  Coma  Berenices. 
But  I  had  no  record  of  such  an  object  in  that  position.  The  nearest  was  Nebula 
No.  4880  of  the  N.  G.  C.  =:  W.  H.  Ill  83,  which,  allowing  for  precession,  came 
very  nearly  in  the  same  declination,  but  was  two  minutes  west  of  my  object  in 
R.  A.  Moreover,  that  nebula  was  described  as  *' considerably  faint,"  and  my  ob- 
ject was  brightish  in  the  1 0-inch  refractor. 

The  sky  clouded  before  I  could  be  quite  sure  of  motion,  although  mj'  impres- 
sion of  the  direction  of  motion  proved  to  be  correct.  A  telegram  was  at  once 
transmitted  to  Harvard  College  Observatory,  where  the  discovery  was  confirmed 
by  Mr.  Reed,  and  a  position  secured  by  Mr.  O.  C.  Wendell,  as  follows:  Nov.  21st, 
16»»  44"  38'  Camb.  m.  t.  R.  A.  12»»  Sg""  15.63*  -|-  13°  50'  27".3  This  gives  a 
slow  motion  in  a  northeasterly  direction. 

The  comet  is  a  com  para  tivel3'  easy  one,  fairly  large,  and  has  considerable  con- 
densation, with  which  the  coma  is  not  quite  concentric,      william  r.  brooks. 

Smith  Observatory,  Geneva,  N.  Y.,  Nov.  25,  1892. 


Comet  e  1892  (Barnard,  Oct.  xa).— We  have  had  no  opportunity  to  look  for  this 
comet  during  November  except  on  Nov.  15  when  we  failed  to  find  it  near  the 
ephemeris  place.  Mr.  Barnard  observed  it  on  Nov.  7  and  says:  "it  has  faded  very 
much  since  the  last  observations.  It  is  scarcely  probable  this  object  can  be  fol- 
lowed much  longer."  The  elements  of  this  comet  arc  found  to  be  elliptic.  Profes- 
sor Knieger  from  observations  Oct.  16,  20  and  25  obtains  a  period  of  about  10.4 
years  {Astr,  Nach.  3127).  Professor  Schulhof  has  also  calculated  elliptic  ele- 
ments and  calls  attention  to  their  similarity  to  those  of  Wolf's  periodic  comet 
which  has  just  passed  out  of  view.  He  suggests  that  the  two  nave  the  same 
origin,  arc  in  fact  parts  of  the  same  comet  which  separated  at  some  time  pre>nous 
to  1885.  In  that  year  they  were  in  the  vicinity  of  Jupiter  together  and  suffered 
violent  perturbations  by  the  planet.  A  relatively  small  difference  in  their  epochs 
of  passmg  peri-jove  would  \yc  sufficient  to  produce  the  considerable  difference  in 
their  inclinations  and  exccntricities.  Below  arc  the  elements  calculated  by  Mr. 
Schulhof  together  with  those  of  Wolf's  comet. 

Comet  Barnard.  Wolf's  Comet. 

T  =  Dec.  9.0721 .  1892,  Paris  mean  time.       

nziz     18^  33' 44"  19^12: 

vv  =1  207    41   45  206    22 

1  rz    30    51    13  25    15 

log  q  z=i  0.149245  0.2022 

e  =  0.579619  0.5571 


Comet  d  1892  (Brooks,  August  28).— The  following  elements  from  the  As- 
tronomical Journal,  No.  279.  were  computed  by  Mr.  George  A.  Hill  of  the  U.  S. 
Naval  Observatory,  from  observations  at  Kiel,  August  31,  Gottingen  Sept.  18 
and    Hamburg    Oct.   7.    The    residuals   for   the  middle    place    are  J/l  cos  fi  = 

T  =1892,  Dec.  28.11944  Gr.  M.T. 

w  =264-  32'  36".2l 

(u  =  252    23    21    .9}  Mean  Eqr.  1892.0. 

1  =    24    45    10   .8} 

\ogq  =9.991529  q  =  0.98068 
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Epbemeris. 

h 

m 

a 

0 

// 

log.  r 

Br. 

Dec.     6 

II 

58 

43-2 

—  21 

^'1 

9.9447 

309 

7 

12 

04 

04.7 

22 

27.8 

8 

09 

28.2 
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Hw  to  Compnte  the  Relative  Brightness  of  a  Comet.— A  subscriber  asks  us  the 
meaning  of  relative  brightness  of  a  comet  and  how  it  is  determined.  Usually 
the  unit  of  brightness  of  a  comet  is  taken  as  the  brightness  which  the  same 
comet  had  at  the  time  of  its  discovery,  and  the  relative  brightness  is  its  bright- 
ness on  any  other  date  expressed  in  terms  of  that  unit.  The  brightness  is  com- 
puted on  the  assumption  that  the  comet  shines  by  reflected  li^ht  from  the  Sun 
only  and  hence  varies  in  inverse  ratio  to  the  squares  of  the  distances  from  the 
Sun  and  Earth.    This  is  expressed  by  the  proportion 

in  which  B,  r  and  ^^i  are  respectively  the  brightness,  distance  from  Sun,  and  dis- 
tance from  Earth  on  any  date  and  Bq,  r©  and  Jq  are  the  corresponding  quanti- 
ties on  any  other  date.  If  Bq  is  the  brightness  on  the  date  of  discovery  and  is 
taken  as  unity,  then  we  have  tor  the  relative  brightness  on  any  other  date 

If  the  comet  gives  out  light  of  its  own  this  law  does  not  hold  true. 


The  Shower  of  Bielid  Meteors.— Although  the  Holmes'  comet  did  not  turn  out 
to  be  Biela's,  the  prediction  that  there  would  be  a  shower  of  meteors,  when  the 
Earth  passed  the  track  of  the  latter  comet,  had  a  partial  fulfilment  on  the  even- 
ing of  Wednesday,  Nov.  23.  On  that  evening  a  shower  of  meteors  radiating 
from  the  constellation  of  Andromeda  was  observed  quite  generally  throughout 
the  United  States.  At  Northfield,  the  display  had  already  begun  at  dark  and 
continued  so  long  as  it  was  watched,  /.  e.,  until  nearly  midnight.  The  meteors 
were  quite  numerous,  falling  in  all  quarters  of  the  sky.  As  many  as  15  to  20  on 
tVc  average  could  be  counted  by  one  person  each  minute.  They  were  of  all  mag- 
nitudes from  the  faintest  visible  to  as  bright  as  Jupiter. 

We  have  reports  of  similar  observations  from  many  points,  but  have  space 
only  for  the  following,  which  comes  from  Princeton,  N.  J.  It  is  unsigned,  but  is 
evidently  from  Professor  C.  A.  Young.  Thursday,  Friday  and  Saturday  nights 
were  cloudy  at  Northfield.  Sunday  night  was  clear  during  the  first  half  but  no 
meteors  were  seen. 


The  Meteor  Shower  of  Nov.  23,  1892.- On  the  night  of  the  23d  we  had  here  a 
fine  meteoric  display.  At  7  o'clock  the  meteors  were  already  numerous,  and  from 
7:30  until  12:30,  when  it  clouded  up,  they  were  falling  at  the  rate  of  100  in  from 
four  to  five  minutes.  At  ten  o'clock  two  observers,  standing  in  an  open  space 
and  facing  in  opposite  directions,  counted  104-  in  five  minutes,  and  again  at  eleven 
they  counted  100  in  four  minutes  and  a  half.  The  number  seen  by  observers  suf- 
ficiently numerous  to  cover  the  whole  sky  exhaustively,  would  have  been  from 
four  to  five  times  an  many,  and  reckoning  on  that  basis,  the  total  number  that 
fell  within  our  range  of  vision  at  Princeton  must  have  been  at  least  30,000  during 
the  five  hours. 

The  meteors  were  evidently  •'Bielids, "  the  radiant  at  8:30  being  a  roughly" 
circular  area  about  4^  in  diameter  with  its  centre  at  R.  A.  1^  20™,  Dec.  -|-  41°  30'. 
At  10  it  seemed  to  be  a  little  more  definitely  limited,  and  several  nearly  station- 
ary meteors  fixed  its  position  as  R.  A.  1^  30™.  Dec.  4"  "^0°  30',  very  near  Upsilon 
Andromeda.  At  11,  it  was  again  determined,  and  then  it  came  out  R.  A.  1^  40™, 
Dec.  -\-  4rO°.  Whether  this  apparent  change  in  the  position  of  the  radiant  was 
real  or  not,  I  am  not  quite  certain,  but  a  motion  of  the  radiant,  very  similar  in 
amount  and  direction,  is  given  by  Denza  in  his  observations  of  the  shower  of 
1885:  (see  Nature,  vol.  33,  page  151).  At  that  time  the  mean  position  of  the 
radiant  was  about  3^  N.  W.  of  its  place  this  year. 

Holmes's  comet,  barely  visible  to  the  naked  eye,  was  about  10°  west  and  4° 
south  of  the  radiant. 

It  is  worth  noting  that  the  Earth's  heliocentric  longitude  at  the  time  of  the 
shower  the  other  night  was  only  62°,  and  not  65^,  which  (65°)  was  the  longi- 
tude of  the  descending  node  of  Biela's  orbit  at  the  last  appearance  of  the  comet  m 
1852,  and  was  the  longitude  of  the  Earth  at  the  time  of^the  showers  of  1872  and 
1885.  The  fact  suggests  the  inquiry  whether  such  a  recession  of  the  node  can  be 
accounted  for  by  perturbations  (probably  by  Jupiter)  since  1885. 


It  is  obvious  also  that  if  the  meteoric  swarm  encountered  by  the   Earth  in 
H2  and  1S85  was  really  moving  in  the  orbit  ni  Bicla'si  comet,  which  wlint  I/i%t 
Observed  had  a  period  of  (5,6  3'cars,  then  the  swarm  encountered  on  \N  v 

Wght»  just  7  years  later,  must  lie  an  entirely  diflTcrcnt  one:  unless  indccn  - 

Atiun  nf  nearly  tive  months  can  he  accounted  lor  by  |>erturbationa  withiu  ibc 
St  six  years,  which  is  hardly  likely. 

Most  of  the  meteors  were  very  small,  not  exceeding  the  5th  mrig:n!ttMlc;  but 
few,  perhaps  ten  percent  of  the  wholc^  were  niKivc  the  l^d»    In  the  coiirte  of  til 
lig:ht  four  were  observed  which  rivalled  nr  surpassed  Jupiter. 
!       The  brighter  ones  generally  left  bluish  trains  which  remained  visible  for 
»r  five  seconds.     The  smaller  ones  often  came  in  "  flights.  **  three  or  four  tOKrtl$«f,1 
and  fully  halt  of  the  paths  were  more  or  less  curved  and  wavy  from  the  rvststjinee 
of  the  air. 

Last   night   (Nov.  24'th>   was  mostly   overcast,   but   there  were    «xi:£isioniil 
^aks  in  the  clouds,  and  a  careful  watch  showed  three  or  four  meteort  whtcb 
"^misht  possibly   be  Bielids:  but  it  was  clear  that  there  was    nothing    like    a 
*  shower"'  in  progress. 

Princeton,  N.  J..  Nov.  25th,  1892. 


Meteors  of  November  23,  189a.— The  meteors  of  Wednesday  night,  Nov.  2H, 
18U2,  have  attracted  general  attention.  They  were  ween  here  in  all  parts  of  tl*e 
fky  at  almost  every  moment.  They  did  not  come  at  a  strictly  constant  rate, 
^iiaough  nearly  so.  On  the  average  a  single  observer  could  stc  from  50  to  <»0  fflirly  ■ 
bright  ones  cverv  tive  minutes,  which  corresponds  to  a  daily  rate  of  frotn 
40(».000.000  to  o'oO.rMin.Oun  on  the  hemisphere  of  the  Earth  towards  the  radiant. 
-The  radiant,  as  observed  here,  was  very  approximately  at 

tr=l'*39-'       *^  =  -h*2^. 
Palo  Alto,  CaK,  Nov.  28,  1802.  w.  ).  tlUisKV. 


NEWS  AND   NOTES. 


enous  dela3*s  have  made  us  unusually  late  this  month      With  tnttcr 
facilities  and  other  more  favorable  arrangements,  our  publication   will   apptmri 
aromptly  and  regularl_v  hereafter. 


A  large  nmnbcr  of  subscriptions  expire  with  this  number.    It  is  esjxridUy  tt» 
quested  that  renewali^  l)cpro/7ip{/r  made  that  our  mailing  list  may  be  curmrted 
jr  the  January  issue. 


Mounting  of  the  40-incli  Telescope  lor  Chicago  University.-- Messrs   Wartter  & 

Swaucy,  uf  Cleveland,  Ohio,  have  1x*cn  awarded  the  cuntract  for  mounting  the  40- 
inch  telescope  for  the  Yerkes'  Observator>'  of  the  irniversity  of  Chiciigo, 


If  subscribers   interested  in   still   further  improvements  of  ' 
Astro-Physics  for  the  coming  year,  will  dt»  us  the  favor  of  lirn 
tion  to  the  notice  of  the  friends  of  science  generally,  we  are  sun.  n  jv  wni 

commend  it  favorably,  and  that  our  subscription  list  will  H  ncnrsisinl, 

With  such   increase  greater  outlay  will   be  made  for  the  illu^i  luuter,  in 

amount  or  quality,  or  both,  as  the  demands  of  current  astronomy  shall  decide* 


Aids  for  Temporary  Star  Search.— The  following  extract  from  a  eote  b/  Mr. 
D.  E  P ticker  in  English  Mcvlmnic.  Nov.  11,  1892,  may  be  of  use  to  saiae  of  oar 
readers ; 

'* During  the  recent  summer  months,  in  our  leisure  evenings,  Mr.  MtiiTit«  of 
Cambrid^je.  and  myself  were  en^ijaged  in   searching  the  heavens  (»  *"     ihci 

Milky  Way  region)  for  the  detection  of  new  stars.    In  order  to  < 

search,  we  adopted  a  scheme  which,  I  think,  will  find  favor  w-^ '    '  ss  .nj  Mt^\ 

similarly  occupied  on  starry  nights,  and  for  which  we  strongl\  c  atrial. 
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nearly  all,  stars  down  to  the  sixth  maenittide.  The  charts  were  photographed 
on  quarter  plates,  and  the  negatives,  backed  by  tissue  paper  or  an  ordinary 
screen  glass,  were  projected  in  front  of  a  small  bull's-eye  lantern.  A  convenient 
method  was  thus  obtained  of  comparing  any  portion  of  the  chart  with  its  cor- 
responding portion  in  the  heavens.  It  only  required  the  use  of  an  ordinary  mag- 
nifier to  enlarge  any  portion  of  the  photographed  chart  to  render  comparison 
easier,  and  the  apparatus  was  complete.  The  ease  and  comfort  with  which  con- 
siderable areas  of  sky  were  swept  over,  and  the  enormous  saving  of  time  which 
this  method  affords  over  the  ordinary  method,  a  trial  will  suffice  to  show.  Re- 
gions near  the  zenith  were  viewed  by  projection  in  an  ordinary  mirror,  the  pho- 
tographed chart  being  correspondingly  inverted.'* 

Cause  of  Brightness  of  the  Limb  of  Mars.— Is  it  not  probable  that  the  apparent 
increase  in  brightness  of  the  disc  of  Mars  toward  the  limb  is  an  optical  illusion 
due  to  the  contrast  with  the  surrounding  sky,  and  to  the  fact  that  the  spherical 
form  of  Mars  causes  the  markings  to  disappear  near  the  limb  ?  If  so,  might  it 
not  be  proved  by  differential  photometric  observations  of  different  portions  of 
the  disc  made  when  Mars  is  near  opposition  ?  ormond  stone. 

Oct.  29. 1892. 

Peculiar  Stellar  Spectra.— An  examination  by  Mr.  A.  E.  Douglas  of  the  photo* 
graphs  taken  at  the  Arequipa  station  of  this  Observatory  has  revealed  the  fol- 
lowmg  peculiar  stellar  spectra. 

Type  IV.    Identification  uncertain. 

Type  IV. 

Type  IV.    Identification  uncertain. 

Hydrogen  lines  bright. 

Hydrogen  lines  bright. 

Gaseous  character  confirmed  by  photograph. 
t«  «(  ft         i<  (t 

Nos.  3,  4  and  7  had  previously  been  discovered  independently  by  Mrs.  Flem- 
ing from  other  plates  already  received  in  Cambridge. 

Harvard  College  Observatory,  Cambridge,  Mass.  edward  c.  pickrring. 

Nov.  10, 1892. 

Occoltation  of  Mars,  July  ii,  189a.— The  occnltation  was  observed  at  the  Dear- 
bom  Observatory  with  the  18V^inch  refractor,  power  200,  and  the  times  were  re- 
corded with  the  printing  chronograph.  At  immersion,  owing  to  the  low  altitude 
of  the  moon,  the  definition  was  poor;  at  emersion  the  seeing  was  very  steady. 
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University. 

G.  W.  HOUGH. 

The  Fifth  Satellite  of  Jnpiter.— Professor  Barnard's  new  satellite  of  Jupiter 
was  seen  with  the  18V^inch  refractor  of  the  Dearborn  Observatory,  on  Oct.  15th, 
from  ll"*  37"  to  12^  30"  standard  time.  A  number  of  diagrams  were  made, 
showing  its  position  with  reference  to  the  1st  satellite  which  was  quite  near 
when  first  seen.  A  rough  setting  of  the  micrometer  lines  gave  35''  as  its  distance 
from  the  following  limb  of  Jupiter. 

I  had  looked  for  the  satellite  on  a  number  of  nights  previously,  using  an 
ephemeris  based  on  the  period  11*»  49"  and  of  course  without  success. 

On  Oct.  14,  Mr.  S.  W.  Bumham  kindly  communicated  to  me  an  observation 
made  by  Professor  Barnard  on  Oct.  7.  On  comparing  this  observation  with  that 
made  at  the  date  of  discovery,  I  inferred  that  the  elongation  occurred  about  5 
minutes  earlier  each  day. 

I  saw  the  satellite  again  on  Nov.  11,  9*»  21"  a  rough  measure  referred  to  the 
IVth  satellite  ^ave  36''  as  its  distance  from  the  limb  of  Jupiter. 

The  satelhte  could  only  be  seen  with  power  925,  usmg  an  occulting  bar  of 
tinfoil  to  hide  the  planet.  '  It  is  too  difficult  an  object  to  make  measures  of  pre- 
cision with  the  18i^inch  object-glass. 

It  is  much  more  difficult  than  either  Ariel  or  Umbriel,  the  two  inner  satellites 
of  Uranus,  both  of  which  I  have  observed  under  jordinary  atmospheric  condi- 
tions. The  Vth  Satellite  of  Jupiter,  on  the  contrary,  requires  the  best  possible 
atmospheric  conditions  to  see  it  at  all  with  the  ISV^inch  object-glass. 

Northwestern  University.  G.  w.  hough. 
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545-640;  October,  641-752.  November.  753*848,  Decctn^>c^,  849^944.  No  fur- 
ther reference  will  be  made  to  the  motithtv  issues  of  this  Journal.  The  numben  \ 
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Astronomical  Regulators 


REGULATORS   OF   PRECISION, 


AND  «  FINE  «  WATCHES. 


To  any  of  our  rcffolatoni  wi*  attach  devices  for  the  tmnsmtssioQ  of  electrical 

currents  for  operating  ehroi I  **otinHcr8  (in<!'  ie  of  tlir  ^tutti!- 

ani  ngujfitnr),  or  for  sytic.  i^ccotidary  cln  rrcl* 

These  electrical  transmitting  devices  can  \>e  attnclied  to  our  Ko.  89  rrgulator, 
which  is  esjMxinlly  constructed  l<»  meet  the  wants  of  the  railroA<!  errvice;  and  the 
ahnost  absohite  certainty  nnt]  regularity  of  the  prrfDnnance  of  these  reguliiCorv 
make  them  [larticularly  dcsirahtc  ns  secondary  sit/indMnb  for  the  rJi^ituid  tenrice* 

To  tfur  ARtronomicnl  Rcgulat«>r9  we  npply  either  Dennisoa*$  Gravity  or  the 
Graham  Dcnd-Bent  escapements.  These  trgidauirs  are  mndc  m  sevenil  glides, 
thenfhy  nieetinj^  the  want*  of  Institutions  haviti)^  ample  mean»  for  the  pnnchsK 
of  the  mo^  elnhomte  form  of  time-keeping  instrumrfits,  a»  well  its  ncitf j  c9t«b> 
Ushed  InsUtutions  with  Ihnited  means  to  invent  in  «  regtdjitor. 

Our  watches  arc  second  to  none  in  the  world  as  time^keepcrs  and  tlie  inan* 
ner  of  their  construction  is  smch  th/it  they  arc  Icsn  liable  to  li^^xry  from  Itopropcr 
handling,  tlian  any  other  watch  now  in  the  market. 

We  respectfully  solicit  correspondence  from  Corporations.  Institutions  and 
individuals  contemplating  the  purcliasc  of  a  Regulator,  regardless  of  the  grade. 
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TELESCOPES, 

Equatorial  Mountings, 

Witb  and  Wilhoiit  i'ircl«>ii. 

DRIVING  CLOCKS, 

ACHROMATIC  OBJECTIVE'S  X.\  CELLS. 

NEGATIVE  AND  POSITIVE  i^vr  PIECES. 

DIAGONAL  PRISMS.  HELIOSCOPES, 

SPECTROSCOPES, 
CHRONOGRAPHS. 
TRANSIT  INSTRUMENTS. 

Ptfn.A  DEhPBIA : 

JAMES  W.   QUEEN  &    CO., 

No.  924  Chestnut  Street, 


Astronomy  and  Astro-Pbjsics. 


A  Great  Railway. 

The  Chicago,  Milwaukee  &  St.  Paal 
Railway  CompaDy  now  operates  over 
sixty-one  hundred  miles  of  thoroughly 
equipped  road  in  Illinois,  \ViHConsin, 
Northern  Michigan;  Minnesota,  Iowa, 
Missouri,  South  and  North  Dakota. 
Each  recurring  year  its  lines  are  extend- 
ed in  all  directions  to  meet  the  necessities 
of  the  rapidly  populating  sections  of 
country  west,  northwest,  and  southwest, 
of  Chicago,  and  to  furnish  a  market  for 
the  products  of  the  greatest  agricultiirrl 
and  stock  raising  districts  in  the  world. 
In  Illinois  it  operates  317  miles  of  tJack ; 
in  Wisconsin,  1,636  miles;  in  Northern 
Michigan, 96  miles:  in  Iowa,  1,551  miles: 
in  Minnesota,  1,115  miles;  in  South  Da* 
kota,  1*092  miles;  in  North  Dakota,  118 
miles;  in  Missouri,  140  miles,  and  the 
end  is  not  yet.  It  has  terminals  in  such 
large  cities  as  Chicago,  Milwaukee,  La 
Crosse,  St.  Paul,  Minneapolis,  Fargo, 
Sioux  City,  Council  Bluffs,  Omaha,  and 
Kansas  City  and  St.  Joseph,  Mo.,  and 
along  its  linos  are  hundreds  of  large  and 
small  thriving  cities,  towns  and  villages. 
Manufacturing  interests  ai'e  cultivated, 
and  all  branches  of  trade  find  encourage- 
ment. The  Railway  Company  has  a  just 
appreciation  of  the  value  of  its  patrons, 
and  its  magnificent  earnings  are  the  re- 
sult of  the  good  business  iact  which 
characterises  the  management  of  its  af- 
fairs. 

The  popularity  of  the  line  is  attested 
by  the  fact  that  notwithstanding  the 
strongest  kind  of  com))etition  of  old  and 
new  lines,  the  Chicago,  Milwaukee  &  St. 
Paul  Railway  continues  to  carry  the 
greater  proportion  of  all  the  business  be- 
tween Chicago,  Milwaukee,  St.  Paul  and 
Minneapolis.  It  is  the  best  patronized 
route  between  Chicago,  Council  Dluffs 
and  Omaha  to  and  from  all  points  in 
Wisconsin,  Minnesota,  Dakota  and  Iowa, 
ana  its  Kansas  City  and  St.  Joseph  line 
has  taken  equal  rank  with  the  other  lines 
leading  to  and  from  the  Southwest. 
On  all  its  through  lines  of  travel  the 
Chicago,  Milwaukee  &  St.  Paul  Railway 
runs  the  most  pei-fectly  eqnipp<'d  trains 
of  Sleeping,  Parlor  and  Dining  Cars  and 
Coaches.  The  through  trains  on  all  its 
lines  are  systematically  heated  by  steam. 
No  effort  is  spared  to  furnish  the  best 
accomodations  for  the  least  money, 
and,  in  addition,  patrons  of  the  road  are 
sure  of  courteous  treatment  from  its  em- 
ployes. 
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St  Louis 
Kallway. 


THE 


AT  YOUB  jSEBVICE. 

Its  ^ag9pt6  ^re  ever  ready  to  ^ve  you 
^ucb  inlorpiation  as  may  be  desired  re* 
gai^diog  ite  tfpin  service,  both  local  and 
tb rough,  Booles,  RatcA,  &c.,  &c. 

Cprofprt  and  spt'ed  are  its  special  fea- 
t^ares,  with  a  record  of  safety  for  its 
patroiui.  luquire  for  particulars  of  any 
aA^at  of  the  Minneapolis  &  St.  Louis  Ky. 
pr  C.  M.  Pratt.  O.  T.  &  P.  A.,  Minneapo- 
lis, Minn.,  W.  H.  Truesdale,  Receiver. 


Ge0.  N.  SAEG/ntiLiLER, 

SUCCESSOR  TO  FAVTH  &  CO., 


WASHINGTON.  D.C. 


Manufacturer  of  all  kinds  of 


AstroDomieal  flppamtas. 


Equatorials  with  the  latest  improvernents. 

Large  Transits  and  Transit  Circles  with  station- 
ary, automatic  Reversing  and  Anti-Friction  Appdratti% 
arranged  below  the  floor. 

Portable  Transits  or  entire  new  design. 


Fauih  Tclescop^j, 


I- 

■  Chronographs, 

H    Collimators  and  Meridian  Marks. 

■  Astronomical  Clocks. 

Cheap  Astronomical  Outfits,  consisting  of  four-inch 

Ih  E<iuatorial«  two-inch  Astronomical  Transit,  Astronomical 

^^^^^  Clock  and  Chronograph. 

^^engineering  Instruments,   au  kinds  of  Fixed  and 

Portable  Astronomtcal  and  the  higher  grades  of  engineer- 
ing Instruments 

The  Groduatjons  mack  *-mi  ^mr  Automatic  Dividing  Engine  cim- 
not  be  sur|)assed  in  accuracy  and  beauty  of  lines. 

Filiely  ground  IcvcN  wirh  mr^*^  im  tn  1  Ron  feet. 
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Minimam  weight  of  rotating  parts. 

Ease  of  rotation  and  lateral  stability  attained 
by  the  use  of  adjustable  stationar  anti-friction 
wheels. 

An  opening  continuous  from  horizon  to  zenith. 

A  shutter  that  closes  weather-tight,  will  not 
bind,  and    can  be  quickly  and  easily  operated. 

Simplicity*  of  construction,  durability  and  cheap- 
ness. 

The  anti-friction  wheels  and  shutter  can  be  applied 
to  existing  domes  with  slight  alterations  and  smal- 
expense. 

A  Dome  built  on  the  new  method  may  be  seen  at  the  Dearborn  Observatory,  North- 
western University,  Evanston,  Ills, 

For  further  particulars  and  estimates  of  cost  address, 

WM.  SCHERZER,  C.  E. 
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A  Great  Railway. 

The  Chicago,  Milwaukee  &  St.  Paul 
Railway  Company  now  operates  over 
sixtj-one  hundred  miles  of  thoroughly 
equipped  road  in  Illinois,  Wisconsin, 
Northern  Michigan,  Minnesota,  Iowa, 
Missouri,  South  and  North  Dakota. 
Each  recurring  year  its  lines  are  extend- 
ed in  all  directions  to  meet  the  necessities 
of  the  rapidly  populating  sections  of 
country  west,  northwest  and  southwest, 
of  Chicago,  and  to  furnish  a  market  for 
the  products  of  the  greatest  aericultural 
and  stock  raising  districts  in  tne  world. 
In  Illinois  it  operates  317  miles  of  track; 
in  Wisconsin,  1,636  miles;  in  Northern 
Michigan,  96  miles ;  in  Iowa,  1>551  miles ; 
in  Minnesota,  1,115  miles;  in  South  Da- 
kota, 1,092  miles;  in  North  Dakota,  118 
miles;  in  Missouri,  140  miles,  and  the 
end  is  not  yet.  It  has  terminals  in  such 
large  cities  as  Chicago,  Milwaukee,  La 
Crosse,  St.  Paul,  Minneapolis,  Fargo, 
Sioux  City,  Council  Bluffs,  Omaha,  and 
Kansas  City  and  St.  Joseph,  Mo.,  and 
alone  its  lines  are  hundreds  of  laree  and 
smau  thriving  cities,  towns  and  villages. 
Manufacturing  interests  are  cultivated, 
and  all  branches  of  trade  find  encourage- 
ment The  Railway  Company  has  a  just 
appreciation  of  the  value  of  its  patrons, 
and  its  magnificent  earnings  are  the  re- 
sult of  the  good  business  tact  which 
characterizes  the  management  of  its  af- 
flairs. 

The  popularity  of  the  line  is  attested 
by  the  fact  that  notwithstanding  the 
strongest  kind  of  competition  of  old  and 
new  hues,  the  Chicago,  Milwaukee  &  St. 
Paul  railway  continues  to  carry  the 
greater  proportion  of  all  the  business  be- 
tween Chicago,  Milwaukee,  St.  Paul  and 
Minneapolis.  It  is  the  best  patronized 
route  between  Chicago,  Council  Bluffs 
and  Omaha  to  and  from  aU  points  in 
Wisconsin,  Minnesota,  Dakota  and 
Iowa,  and  its  Kansas  City  and  St. 
Joseph  line  has  taken  equal  rank  with 
the  other  lines  leading  to  and  from  the 
Southwest. 

On  all  its  through  lines  of  travel  the 
Chicago,  MilwauMe  &  St.  Paul  Railway 
nms  the  most  peHMly  equipped  trains 
of  Sleeping,  Parlor  and  Dining  Cars  and 
Coaches.  The  through  trains  on  aU  its 
fines  are  systematicaUy  heated  by  steam. 
No  effort  is  spared  to  furnish  the  best 
accommodations  for  the  least  money, 
aad,  in  Ikldition,  patrons  of  the  road  are 
•nre  of  conrteons  treatment  from  its 
employes. 
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ALVAN  CLARK  &  SONS, 

CAMBRIDGEP.ORT,  MASS. 

MANUFACTURERS  OF 

Astronomical  Telescopes 

WITH    IMPROVED 

EQUATORIAL  MOUNTINGS. 

Sizes  from  Four-inch  Aperture  to  the 
Largest  Ever  Ordered. 


5^ncl  for   Pho't&^rapKs 

Of  our  Portable  Equatorials  or  5  and  6- 
inch  fixed,  with  AccessoHes,  The  Best  to 
be  had  for  Educational  and  Amateur 
work. 

Terrestrial  Telescopes  for  Private   Residences. 

The  performance  of  our  instruments,  famous  the  world  over,  is 
their  own  greatest  recommendation.  An  experience  of  nearly 
a  half  century  in  the  art  of  telescope  making,  enables  us  to  apply 
a  degree  of  skill  and  judgment  to  our  work  which  make  our 
objectives 

UNRIVALLED   IN   EXCELLENCE. 

AMONG  OUR  TELESCOPES  ARE: 

The  Lick  Refractor,  36-inch.  Princeton  Refractor,  23-inch. 

Pulkowa  Refractor,  30-inch.  Denver  Refractor,  20-inch. 

Washington  Refractor,  26-inch.  Chicago  Refractor,  18.5-iiich. 

University  of  Virginia,  26-inch.  Rochester  Refractor,  16-inch. 
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Astronomy  and  Astro-Pbjrstcs. 


NORTHWESTERN  UNIVERSITY, 

Etanston  and  Chicago,  Illinois. 
HENRY  WADE  ROGERS,  LL.  D..       Two  Hundred  Professors  and  Instructors 
President,  and  over  2,300  pupils. 

The Unlvenritj  iDclndes  the  following  Departments: 

1.  CollAfce  of  Liberal  Arts.  Eraffiton,  IIU.  ti.    Wunian^s  Medical  School.  Chicago.  Ills. 

2.  School  of  Medicine.  Chlcaaro.  Die.  7.    Tbeolofctcal  Schools.  Evanston,  Ills. 

3.  School  of  Law.  Chicagru.  Ills.  8.    Preparatory  School.  Evanston.  Ills. 

4.  School  of  Pharinticy.  Chicago.  Ills.  9.    Conservatory  of  Music.  Evanston.  Ills. 
&.    School  of  Dentistry.  Chicago.  Ills.                    10.    School  of  Oratory.  Evanston.  Ills. 

The  University  is  located  in  EvHnston.  the  most  beaatlfnl  suburb  of  Chicaiiro.  and  one  of  the 
most  attractive  summer  resorts  on  the  Great  Lakes.  It  is  unusually  free  from  Immoral  influ- 
ences. The  sale  of  intoxicating  drinks  within  four  miles  of  the  University  Is  prohibited  by  the 
charter.  The  schools  of  Law.  Medicine,  Pharmacy.  Dentistry  and  the  Woman  s  Medical  School 
are  located  in  Chicago. 

For  catalogues  of  the  University  address  the  President. 

For^atalofrues  of  the  Preparatory  School  address  Bev.  H.  F.  Fisk.  Piinclpal.  Evannton,  III. 

~~^  BELoTt  COLLEGE. 

The  46th  year  opens  Sept.  6.  1892.  with  New  and  Extensive  Scientific  Bquipment. 

SMITH  OBSERVATORV  OFBELOIT  COLLEGE. 

Chas.  a.  Bacon.  M.  A..  Georgb  B.  Hale.  B.  S.. 

Director  and  Professor  of  Astronomy.  Professor  of  Astro-Physics. 

Required  and  elective  courses  involving?  transit  and  equatorial  observations  and  reduc- 
tions, celestial  photography  and  original  solar  investi|;ations  are  open  to  all  students. 
Address  President  Edward  D.  liatcm,  Beloit.  Wis. 
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CAViAT* 
,   TRADE  MAk  i, 
DESIGN  PATENTS 
COPVR*GNTS,  etc. 

For  information  and  free  Handbook  write  to 

MINX  \  CO..  am  BROAi>WAY,  Nkw  York. 
Oldest  bureau  for  securinc  pntonts  in  America, 
'-^erv  patf*nt  taken  out  by  us  is  brought  before 
the  public  by  a  notice  ^ven  free  of  churKC  in  the 

^cmixixt  ^tatmm 

Larirest  ctrmlatlon  of  any  scientific  paper  in  thw 
^"r'.l.  i<plen«1idlT  illustrated.  No  Intrtllcfi.t 
r.ian  shonid  in*  without  it.  Wpcklv.  JS.'I.OC  n 
^'•;..     ?1.-,  «*>x  months.    Addr«»»  MtTN'N  &  (X) . 

Foiir-iiiHi  (full  apertiiro)  Aoliroiiiatic  A}«troiioiiiieal  Telescope. 

Only* six  months  out  of  .\Ir.  Bra«»hcar's  work-shop.  Kquatorially  mounted  on  high 
tripod  stand,  with  K.  A.  and  Declination  Circles,  four  oculnrs — Go.  101,  152  and  304.,  Sun 
cap  and  diagonal  prism.  Price  ♦27.".  which  is  a  reduction  of  more  than  25  per  cent  on 
cost.     Address  otfice  of  this  publicittion. 


'FO'R  &j^il,:h]. 


A  first-class  5»  2-incli  Astronomical  Objective.  I  made  b\'  Reinfelder  &  Hertel  in 
Munich).     Price  $175.00    Address  D.  Appel,  62  Holyoke 'Place,  Cleveland,  O. 


:F0B  S^^XiE. 


Fourteen  volumes  (vol.  I  to  XIV)  of  the  popular  Astronomical  Illustrated 
Monthlv  "Sirius"  (German)  in  best  leather  binding.    Price  $35.00. 

D.  Appel,  62  Holyoke  Place,  Cleveland,  0. 


Astronomy  and  Astro-Physics, 


A  Great  Railwaj^ 

The  Chicago,  Milwaukee  &  St.  Paul 
Railway  Company  now  operates  over 
sixty-one  hundred  miles  of  thorough^ 
equipped  road  in  Illinois,  Wisconsin, 
Northern  Michigan,  Minnesota,  Iowa, 
Missouri,  South  and  North  Dakota. 
Each  recurring  year  its  lines  are  extend- 
ed in  all  directions  to  meet  the  necessities 
of  the  rapidlj'  populating  sections  of 
country  west,  northwest  and  southwest, 
of  Chicago,  and  to  furnish  a  market  for 
the  products  of  the  greatest  agricultural 
and  stock  raising  districts  in  the  world. 
In  Illinois  it  operates  317  miles  of  track: 
in  Wisconsin,  1,636  miles;  in  Northern 
Michigan, 96  miles;  in  Iowa,  1,551  miles; 
in  Minnesota,  1,115  miles;  in  South  Da- 
kota, 1,092  miles;  in  North  Dakota,  118 
miles;  in  Missouri,  140  miles,  and  the 
end  is  not  yet.  It  has  terminals  in  such 
large  cities  as  Chicago,  Milwaukee,  La 
Crosse,  St.  Paul,  Minneapolis,  Fargo, 
Sioux  City,  Council  Bluffs.  Omaha,  and 
Kansas  City  and  St.  Joseph,  Mo.,  and 
along  its  lines  are  hundreds  of  lar^e  and 
small  thriving  cities,  towns  and  villages. 
Manufacturing  interests  are  cultivated, 
and  all  branches  of  trade  find  encourage- 
ment. The  Railwaj' Company'  has  a  just 
appreciation  of  the  value  of  its  patrons, 
and  its  magnificent  earnings  are  the  re- 
sult of  the  good  business  tact  which 
characterizes  the  management  of  its  af- 
fairs. 

The  popularity  of  the  line  is  attested 
b\'  the  fact  that  notwithstanding  the 
stroni^cst  kind  of  competition  of  old  and 
new  lines,  the  Chica;a:o,  Milwaukee  &  St. 
Paul  railway  continues  to  carry  the 
greater  proportion  of  all  the  business  l^e- 
tween  Cnicago,  Milwaukee,  St.  Paul  and 
Minneapolis.  It  is  the  best  patronized 
route  between  Chicago,  Council  Bluffs 
and  Omaha  to  and  from  all  points  in 
Wisconsin,  Minnesota,  Dakota  and 
Iowa,  and  its  Kansas  City  and  St. 
Joseph  line  has  taken  equal  rank  with 
the  other  lines  leading  to  and  from  the 
Southwest. 

On  all  its  through  lines  of  travel .  the 
Chicago,  Milwaukee  &  St.  Paul  Railway 
runs  the  most  peri'ectly  equipped  trains 
of  Sleeping,  Parlor  and  Dining  Cars  and 
Coaches.  The  through  trains  on  all  its 
lines  are  systematically  heated  by  steam. 
No  effort  is  spared  to  furnish  the  best 
accommodations  for  the  least  money, 
and,  in  addition,  patrons  of  the  road  are 
sure  of  courteous  treatment  from  its 
employes. 
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Minneapolis 
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St.  Louis 

Railway. 

THE 


rS  ALWAYS 

AT  YOUR  SERVICE 

Its  agents  are  ever  ready  to  give  you 
such  information  as  may  be  desired  re- 
garding its  train  service,  both  local  and 
through,  Routes,  Rates,  &c.,  &c. 

Comfort  and  speed  are  its  special  fea- 
tures with  a  record  of  safety  for  its 
patrons.  Inquire  for  particulars  of  any 
agent  of  the  Minneapolis  &  St.  Louis  Ry. 
or  C.  M  Pratt,  G.  T.  &  P.  A.,  Minneapo- 
lis, Minn,  W.  H.  Truesdale,  Rewiver. 
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PUBLtSHERS, 

BOSTON.  NEW  YORK.  CHICAGO. 


Yoiing*s  Lessons  in  Astronomy. 

lucluding  uranograph^.  By  Charles  A.  Vdcng,  Ph.  D,,  LL* 
D,,  Professor  of  Astronomx^  in  the  College  of  New  Jcrser 
(Princeton),  and  author  of  A  General  Astronomy,  Elements 
of  Astronomy,  etc.  12mo.  Cloth.  Illustrated.  IX  +  357 
pages,  exclusive  of  four  double-page  star  maps.  By  mail, 
$1.30;  for  introduction,  $1.20;'Jallowancc  for  an  old  book  in 
exchange,  30  cents. 

Young's  Elements  of  Astronomy. 

A  Text-book  for  use  in  High  Schools  and  Academies.  With  a 
Uranography.  By  Charles  A.  Young,  Ph,  D.,  LL,  D.,  Pro- 
fessor of  Astronomy  in  the  College  of  New  Jersey  (Princeton), 
and  author  of  A  General  AstronomVf  The  Sun,  etc.  12rao. 
Half  leather.  X  +  472  pages,  and^four  star  maps.  Mailing 
Price,  $1.55;  for  Instruction,  $1.40;  allowance  for  old  book 
in  exchange,  30. 

Uranography. 

From  Young's  Elements  of  Astronomy.  12mo,  Flexible 
covers.  42  pages,  besides  four  star  maps.  By  mail  35  cents, 
for  introduction,  30  cents. 

Young's  General  Astronomy. 

A  Text-book  for  Colleges  and  Technical  Schools.  By 
Charles  A.  Young,  Ph.  D.,  LL.  D,,  Professor  of  Astronomy 
in  the  College  of  New  Jersey,  and  author  of  The  Sun,  etc.  8vo. 
VIII  +  551  pages.  Half-morocco,  Illustrated  with  over 
250  cuts  and  diagrams,  and  supplemented  with  the  necessary 
tables.  Price  by  mail,  $2.50;  for  introduction,  $2.25;  lal* 
lowance  for  an  old  book  in  exchange,  40  cents. 

CINN    6l    CO.,   PUBLISHERS* 
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NORTHWESTERN  UNIVERSITY, 

EVANSTON   AND  CHICAGO,   ILLINOIS. 

HENRY  WADE  ROGERS,  LL,  D.,       Two  Hundred  Professors  and Instructora 
President.  and  over  2,300 pupils. 

The  UnlTersitj  Inclndes  the  following  Departments : 
I.    CollAfre  of  Liberal  Arts.  Evanston,  Ills.  <;.    Wuroan  s  Medical  School,  Cbicairo,  lilt. 

*.'.    School  of  Medicine.  Chicago.  Ills.  7.    Theolofdcal  Schools.  Evanston,  ills. 

3.  School  of  Law.  Chicaffu.  Ills.  8.    Preparatory  School,  Evanston,  Ills. 

4.  School  of  Pharmacy.  ChicaKO.  Ills.  9.    Conservatory  of  Music,  Evanston,  Ills. 

5.  School  of  Dentistry.  Chicago,  Ills.  10.    School  of  Oratory,  Evanston.  Ills. 

The  University  is  located  In  Evanston,  the  roost  beantlfnl  snburb  of  Cbicaffo,  and  one  of  the 
most  attractive  summer  resorts  on  the  Great  Lakes.  It  is  unnsnally  free  from  immoral  infln- 
ences.  The  sale  of  intoxicating  drinlcs  within  fonr  miles  of  the  University  is  prohibited  by  the 
charter.  The  schools  of  Law,  Medicine,  Pharmacy,  Dentistry  and  the  WoroanUi  Medical  School 
are  located  in  Chicago. 

For  catalomies  of  the  University  addrees  the  President. 

For  cattUognes  of  the  Preparatory  School  address  Rev.  H.  F.  Fisk.  Principal,  Evanston,  111. 


BELOIT  COLLEGE. 

The  4.6th  year  opens  Sept.  6.  1892,  with  New  and  Extensive  Scientific  Bqnipment. 
SMITH  OBSBRVA  TORY  OF  BELOIT  COLLBGB. 

Chas.  a.  Bacon.  A.  M..  Gborob  E.  Hai^b,  B.  S., 

Director  and  Professor  of  Astronomy.  Professor  of  Astro- Physics. 

Required  and  elective  courses  involving  transit  and  equatorial  observations  and  reduc- 
tions, celestial  photography  and  original  solar  investigations  are  open  to  all  students. 
Address  President  Edward  D.  Eaton,  Beloit,  Wis. 

TT)C  S'd^^^^'  Messenger 

COMPLETE  IN  TEN  VOLUMES  OF  320  PAGES  EACH 

A  record  of  Astronomical  Events  between  the  years  of  1882  and  1891  inclu 
sive.  In  pamphlet  form,  the  complete  set  will  be  furnished  for  $25.  In  plain  bind- 
ing, board  covers  and  paper,  $30.  In  half  roan  with  comer  tips  and  spring  back, 
good  library  style,  $35. 

Persons  desiring  a  set  of  the  Messenger  will  do  well  to 'apply  soon,  as  some 
volumes  are  very  nearly  exhausted.  Address, 

Publisher  of  Astronomy  and  Astro-Physics, 

Morthfield,  Minn. 


TELESCOPE  FOR  SALE. 

6^/2- inch  Brashsear  Equatorial  Reflector,   with  circles,  verniers,  oculars,  etc. 
Write  Telescope,  Ann  Arbor,  Mich. 


IFOIl  S  AT.E. 

A  first-class  5V2-inch  Astronomical  Objective,  i  made  by  Reinfelder  &  Hertel  in 
Munich).    Price  $165.00    Address  D.  .\ppel,  62  Holyoke  Place,  Cleveland,  O. 

IFOIl  S-AJLE. 

Fourteen  volumes  (vol.  I  to  XIV)  of  the  popular  Astronomical  Illustrated 
Monthly  "Sirius"  (German)  in  best  leather  bmding.    Price  $25.00. 

D.  Appel,  62  Holyoke  Place,  Cleveland,  0. 


Carlcton  Collcc^e. 

NORTHFIELD,  MINNESOTA. 


Full  Preparatory  and  Collegiate  Departments, 

English,  ScicntiHe^  Literary  and  Mustcil  Courses. 

All  Departments  open  to  Students  of  Either  Srj 

EXPENSES  VERY  LOW- 


CaUttbAr. 

Winter  term,  Tuesday,  Tan.  5,  to  March  16,  18t»2. 
Spring  Term,  Tuesday,  March  29  to  June  16»  1892. 
Auniversary  exercises,  June  11  to  16,  1892. 
Fall  Term  begins  Wednesday,  ScpL  7,  and  ends  Tuesday, 
20,  1892. 

TAMES  W,  STRONG,  PRBsmBKT* 


Astronomy  and  Astro-Pbysics. 


ATRONOMICAL  DOMES. 

nuihT  ON  THE  HOUGH  SYSTEM 

H  ^3  ^^ssess    the    following  advantages   over 

all  others  : 


Minimum  weight  of  rotating  parts. 

Ease  of  rotation  and  lateral  stability  attained 
b\'  the  use  of  adjustable  stationar  anti-friction 
wheels. 

.\n  opening  continuous  from  horizon  to  zenith. 

A  shutter  that  closes  weather-tight,  will  not 
bind,  and    can  be  quickly  and  easily  operated. 

Simplicity  of  construction,  durability  and  cheap- 
ness. 

The  anti-friction  wheels  and  shutter  can  be  applied 
to  existing  domes  with  slight  alterations  and  sraal- 
expcnse. 

A  Dome  built  on  the  new  method  may  be  seen  at  the   Dearborn  Observatory,  North- 
western University,  Evanston,  Ills. 

For  further  particulars  and  estimates  of  cost  address. 


WM.  SCHERZER,  C.  E. 

509    Home  Insurance  Building;.  Chicago.  III. 


ASTRONOMICAL 

TELESCOPES, 

Equatorial  Mountings, 

With  and  Without  lircles. 

DRIVING  CLOCKS, 

ACHROMATIC  OBJECTIVES  IN  CELLS, 

NEGATIVE  AND  POSITIVE  EYE-PIECES, 

DIAGONAL  PRISMS.  HELIOSCOPES, 

SPECTROSCOPES, 
CHRONOGRAPHS, 
TRANSIT  INSTRUMENTS. 

PHILA  DELPHI  A : 

JAMES  W.  QUEEN  &   CO., 

No.  924  Chestnut  Street, 


SEND  FOR  CATALOGUE. 


trbe  %ich  t^cle scope 


APCrTTURr    36    IMCHCS 


ALSO    ALL    SMALLER    SIZES 
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IVARNER  &  SVASEY 

CLEVELAND,  OHIO,  U.S.A. 


AitronoFnical  Instrnmenti, 

TELESCOPES, 

TRANSITS, 

MICROMETER=> 
CHRONOGRAPH  S, 

Sidereal  Clocks, 
Driving  Clocks, 
Domes, 
Observatories, 

Spectroacopest  Mi* 

cro&cope  Stands, 
i,  '.'   oiD9i«r«  for 

Microscopee. 


I»arti»'»»  ».«»«t  In 
will  n  Hi  i 


Ol'R  SR\y  K'-INCH   EQUATORIi'  . 

;iv;^\;;;;rn-';,V;r;''J:"r  Centri;  TiDd.  S^ao  ii  ^l  Mechanical  Engineering, 

NASHVILLE    TEyNlCSElC, 


DJ'OR  S^A^XiE. 


Two  first-class  telescopes  4%  and  3V^  inches  clear  auerture.    In  good  condi- 
tion with  necessary  accessories.  Address,  JOHN  A.  DAUM. 

158  North  Market  St.,  Canton,  O. 


Astronomy  and  Astro-Physics, 


mRoUGH   ELEEPERS 


-TO 


BOSTOIJT 
Daily. 

Over  100  Miles  Shorter  than  any  other  Route. 

jVlip^capoHs,  St*  Paul,  ^ 

Sault  Stc*  fytariel^ailway, 
SHORT  LINE  TO 

ST.  IGNACE,  MACKINAW  CITY. 
BAY  CITY,  SAGINAW, 

GRAND  RAPIDS,  DETROIT, 

OTTAWA,  MONTREAL, 

TORONTO,  KINGSTON, 

QUEBEC,  AND  HALIFAX. 

Direct  Line  to  All  Points  in 

NEW  ENGLAND,  CANADIAN   AND   MARITIME 

PROVINCES.  WISCONSIN.  MICHIGAN, 

NEW  YORK. 

SOLID  Tt^AINS  TO 

Dyi:onsrTE,E.A.ij 

—  — ^DAILY.--  -  - 


TICKET  OFFICES: 

UNION  STATION,       I     185  E.  THIRD  STREET, 

ST.     ZP^A^TJXi. 


Astronomy  and  Astro-Phvsics, 


John  Byrne's 

Astronomical  |  Terrestrial 

Ueleecopes. 

Of  3,  4,  5,  6  inches  and 
larger  apertures. 

^i)ori  Focus  ^  Birlliai^t  Uigljt. 

Inimitable  for  Perfection  of 
Figure,  Sharpness  of  Defin- 
ition,and  Accuracy  of  Color 
Correction. 

Correspondence  with  Edu- 
cational   Institutions  and 
Colleges  invited. 
Send  for  Catalogue  to 

21  Union  Square,  New  York  City. 


FORMERLY  EDWARD  KAHLER. 


ESTABLISHED  1874 


105  F  St.  n.  e.,  Washington,  D.  O., 

MANUFACTURER  OF 

Optical  -  and  -  Astronomical  -  Instruments, 

Telescopes,  Portable  Equator  als,  Transits 
And  Equaton  Machines. 


Eye-pieces  of  the  Ramsdea,  Kellner,  Steinheil,  Huyghens,  Airy  and  Fraunhofer 
formula.  Negative,  Positive,  Teraestrial,  Astronomiv-al,  Diagonal  and  Solar  Eye- 
ineces  mounted  and  adapted  for  tbe  s|)ecial  wants  ot  the  trade  and  profession. 


Lenres,  Wedges,  Prisms  and  Objectives  in  Cells  furnished  to  the  trade.    New 
Formula  Terrestrial  InstrumentSurveying  spyrHseo.ecief- 


Astronomy  and  Astra-Phvsics , 


AN  CLARK  &  SONS,  , 


CAMBRIDGEPORT,  MASS. 

MANUFACTITRERS  OF 


Astronomical  Telescopes 

OV£0 

EQUATi  OUNTINGS. 

Sizes  from  Four-inch  Aperture  to  the 
Largest  Ever  Ordered. 


I 


$^nd  for   PKoib^raphs 

Of  our  Portable  Equatorials  or  5  and  6-' 
inch  fixed,  with  Accessories,  The  best  to 
be  had  for  Educational  and  Amateur 
work. 

Terrestrial  Telescopes  for  Private   Residcenes. 


The  performance  of  our  instruments,  famous  the  world  over,  is 
their  own  greatest  recommendation.  An  experience  of  nearly 
a  half  century  in  the  art  of  telescope  making,  enables  us  to  apply 
a  degree  of  skill  and  judgment  to  our  work  which  make  our 
objectives 

UNRIVALLED   IN   EXCELLENCE. 

AMONG  OUR  TELESCOPES  ARE  I 

The  Lick  Refractor,  36-inch.  Princeton  Refractor,  23-inch. 

Pulkowa  Refractor,  30-inch.  Denver  Refractor,  20-inch. 

Washington  Refractor,  26-inch.  Chicago  Refractor,  18.5-inch. 

Uni  v'ersity  of  Virginia,  26-inch.  Rochester  Refractor,  16-inch. 


Ge0.  N.  SAEGneibLER 

SUCCESSOR  TO  FAUTH  &  CO.. 

WASHINGTON,  D.C. 
Manufacturer  of  all  kinds  of 

AstFODomieal  Apparatos. 

EquatorialS  with  the  latest  improvements. 

Large  Transits  and  Transit  Circles  with  station- 
ary, automatic  Reversing  and  Anti-Friction  Apparatus, 
arranged  l)elo\v  the  floor. 

Portable   Transits  of  entire  new  design. 

Zcni'tK  TclcscopcSy 

Chronographs, 

Collimators  and  Meridian  Marks. 

Astrononnical  Clocks. 

Cheap  Astronomical  Outfits,  consisting  of  four-inch 

Hc|uatorial,  two-inch  Astnmomical  Transit,  Astronomical 
Clock  andChronograph. 

Engineering  Instruments,   ah  kinds  of  Fixed  and 

Portable  Astronomical  and   he  higher  grades  of  engineer 
ing  Instruments. 
The  (iraduations  made  on  our  Automatic  Dividing  Engine  can- 
not he  surpassed  in  accuracy  and  beauty  of  lines. 
Finely  ground  levels  with  curves  up  to  1800  fee. 
Send  for  New  Catalogue. 


Astronuniy  and  Aatro-i-'hysKii- 


i^u^r 


i  ■= 


1 


will  nnd  It  ii(lvnti!ii0pou«  to  iidilrrM 


<HK  m:\v  ijhsign  of  TUANSIT. 

Central  TeoD.  Scbool  of  MechaDical  EDgineeriog. 


ib'o:ei  s..^le. 


A  Hrstslicwr  ^^incli  achromatic  telescope,  as  jrood  as  new  liAviiiir  bceo  omd 
only  a  tew  \\  '  ^*  tonaUy  motintecl  on  high  tn]i<:)d  stand,  witTi  *  *  -ccn' 
sion  nrifl  dt'  --.  verniers,  slow  motion  in  R,  A,,  eyc-picces  \32, 

and  Son,  rli^.L,    .. -■  j-.  '.->"  .aid  sun  cap.    Cost  onlv  a  vcar  ago  $375,  p* ...  .  -  ,.',. 

Address.  h\  BRAnBLRYpThc  V*ileneiA, 

Saint  Aujjustine,  Florid.t 


Caiicton  College. 

NORTHFIELD.  MINNESOTA. 


Full  Prcpnmtory  and  CoUcgiatc  Departments, 

English/Scicntific,  Literary  nml  Mustcil  Courses. 

AH  Departments  open  to  Students  of  FJthtr  Rrx 

EXPENSES  VERY  LOW. 

Winter  U-nii,  Tuesdnv,  jan,  5,  to  March  16,  1H92. 
Spring  Term,  Tuesday,  March  29  to  June  16,  18U1.\ 
Auniversary  exercises,  June  1 1  to  16,  1892. 
Fall  Term  begins  Wednesday,  Sept.  7,  and  ends  Tucsdayi  Dec. 
20,  1892. 

TAMES  W.  STRONG.  President. 


,.«.  -i 


^v 


